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Weight of the ship and its contents
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Weight of the ship and its contents
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Weight of the ship and its contents

The information regarding weights is of a discrete nature and
must be gathered together and entered into a “Table of
Weight” or some other suitable form of information storage.

The formulations that are going to be presented here is applied
to a bulk carrier.

Length of Ship, L 120.00 | [m]
Breadth, B 18.00 | [m]
Block Coefficient, Cy | 0.68 [-1
Depth, D 10.00 | [m]
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Weight of the ship and its contents
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Weight of the ship and its contents

In specifying the distribution of individual weights, it is used some
approximations and idealisations.
Nearly all items can be represented in terms of one or more of
the three basic types of distribution:
» Point,
» Uniform and
» Trapezoidal distribution.

In addition, for cargo and ballast, an alternative approach is
possible.

For a trapezoid with a length, dL the relevant information may be
specified by a total mass P, with a specified position of centre
of gravity C;.
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Weight of the ship and its contents

The formulas for converting from one form of distribution to
another one are:

F>=dL(mf+ma)
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Weight of the ship and its contents

P imy Initial Status

jIgo

i+2

P Scheme
Py P
i J i+ i+2

Idealization
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Weight of machinery

The weight per unit length is related to the product of the
sectional area of the relevant space times the mass density.

The weight of LW may be presented as a sum of the following
components:

LW =P +Ps + Py + P,
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Weight of machinery

Weight of machinery

Typical approximation of weight of machinery depends on the
location of the engine room.
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Weight of machinery

Weight distribution of machinery (aft of midship)
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Weight of machinery

The weight parameters are described as:
Pml = 2Lshan
sz = Pm - Pml

0.59L,, < X, <0.62L,

er =

where:

P..1 is the weight of the shaft and the propeller,

P, is the weight of the mechanisms in the engine room,
Lsnate is the length of the shaft and

X, is the position of the longitudinal centre of gravity of the
weight of mechanisms in the engine room.
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Weight of machinery

The descriptors of the weight distribution are given as:

sP( X
=2Tm| 452 926
Am 8 Ler er
P X
B, = > n[14-152e
16 L, L,
P, =0.1Ny

where L., is the length of the engine room and N is the effective
power of the main engine.
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Weight of machinery

Relative length of the engine room
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Weight of machinery

Effective main engine powers as a function of the length of ship

256104
206404 /

. S

y'=0.4612¢42.254x + 20133 ‘

Neff, Hors

;

Behaviour of Ship Structures, yordan.garbatov@ist.utl.pt

Calculation of the weight of machinery

L_/L-2E-6 L-0.0011 L+02711 0.168 Bl
L 24.000 [m]
. 14.400 [m]
N~04612 1? - 42.254 L + 20133 | _3584.10 | [Tlorse]
P.=0.1 N 358410 I
A58 P,/L,, (45 X JL26) 9334 [v/m]
B,=5/16 P, /L, (14-15 X,/L,.) 23334 [t/m]
J5 4800 o
BB, (AL(3 L)) 9.722 Vim]
BB, (2ALYG L)) 19.445 V]
BB, 23334 V]
B,A, 9334 V]
c=AL/3 2.000 [m]
m,=B, AL 20.167 [t
M, =y (172+¢,/AL) 24306 ]
M,=m,(12-¢/AL) 4861 il
©=AL2-AL/6((B.-B )(BB)) 2.667 [m]
m,=AL(B.+B,)12 87.502 11
M,=m,(12+¢,/AL) 82.641 1]
M, =m,(12-¢,/AL) 4.861 1]
C=ALD-AL/6(B.B,)(B<+B,) 909 [m]
m-AL(B.+B,)2 128337 11
My=my(1/2+c,/AL) 126392 ]
My =my(12-c/AL) 944 [0
¢, =AL/2-AL/6((B+-B,)/(B+B.)) 571 [m]
m=AL(B.+B,)2 98.003 1
M, =m,(1/2+¢,/AL) 91.003 1]
M, =m,(172-¢/AL) 7.000 il

Behaviour of Ship Structures, yordan.garbatov@ist.utl.pt

Weight of machinery

Weight distribution of machinery

Weight of Machinary, t

0-1 | 172 [ 223 [ 34 | = | 56 | &7 | 726 | o9 [o=10 [tomni[ui=iz[szia[paia| aeis]iseio -1 17-10] o-19]1920)
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Weight of superstructure Weight of superstructure

The distribution function of the weight of the superstructures is Weight distribution of superstructures (aft midship)
described by the following parameters:

Ly, =0.05L+3

a=0.003L+0.48

Pgar =0.5L, B

P, o =0.008LB
0O 1 2 3 45 6 7 8 910 11 12 13 1415 16 17 18 1920
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Weight of superstructure Weight of superstructures
Weight distribution of superstructures (midship) T‘L““,?ib‘ﬁ“xf? = u}
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Weight of superstructure Weight of hull

The major item of the weight distribution is the hull. A useful first
approximation of the hull weight distribution is defined as:

%
Prun = Prunss = Pes
where:
Phull,ss =A khull,ss
0
o = o DW
o1 ‘ 2 ‘ 23 [ 5t ‘ o5 |55 ‘ o7 | 7 ‘ oo 5:10‘10:11‘11:12‘12:13‘13:14 [ 15:15‘15:.7 17-18[15-15]10-20 A=
[Bt | ©5 | 228 597 |90 | 477 [477| 00 | 00 | 00 | 00 | 00 | 00 | a0 | 00 | 00 | 00 | 00 | 08 |144] 36 Kk
Statons oW
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Weight of hull

The coefficients ks and kpy, and DW as a function of the
length of the ship is given as
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Weight of hull

The distribution of the weight may differ depending on the
position of the engine room. When the engine room is located
at the middle of the ship, the parameters determining the
distribution are:

dA=2aL B2
L-L,

LC
B :[ch[lfTﬂPhu”

dc=2aL2=C
L-L

c
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Weight of hull

Hull weight distribution (midship).

U=(l Lg/2 1 12=(L: Loy 2
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Weight of hull

Hull weight distribution parameters (midship)

i 0.1 0.2 0.3

B/(Pru/L) 1.27 1.24 1.21

A/(Pha/L) | 0.730 ~0.293 (x,,, /AL) | 0.707 —0.310 (x,,, /AL) | 0.685 —0.333 (x,, /AL)

C/(Pran/L) 0.730 +0.293 (x,, /AL) | 0.707 +0.310 (x,, /AL) | 0.685 +0.333 (x,, /AL)

/L 0.4 0.5 0.6

B/(Pyu/L) 1.18 1.15 1.12

A/(Pra/L) | 0.667 - 0.365 (x,,, /AL) | 0.650 — 0.408 (x,, /AL) | 0.640 —0.476 (x,, /AL)

C/(Prha/L) | 0.667 +0.365 (x,,, /AL) | 0.650 +0.408 (x,,, /AL) | 0.640 + 0.476 (x,, /AL)
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Weight of hull

When the engine room is located at the aft of the midship, then
the distribution of the weight is defined by:

dA=24L-B=A
LIL-L,
B= 1+Cb(1—ij P
L) L
dc=2aL-5=C
0.9L—L,

X (L9715 05
AL |\ L

Behaviour of Ship Structures, yordan.garbatov@ist.utl.pt

Weight of hull

Hull weight distribution (aft a midship)

L=(111- Le)/ 2 Lo L2=(09L- Lc)/ 2

] [ —"

0 1 2 3 4 5 6 7 8 910 1 1 13 415 16 17 18 1920

Behaviour of Ship Structures, yordan.garbatov@ist.utl.pt




Weight of hull

Hull weight distribution parameters (aft a midship)

L /L 0.1 0.2 0.3
B/(Phur/L) 1.27 1.24 1.21
A/Pra/L) | 0.755-0.266(X,, /AL) | 0.738=0.279(X,, /AL) | 0.726-0.296(x,,, /AL)
CP/L) | 0.699+0.325(x, /AL) | 0.668+0.349(x,,, /AL) | 0.637+0.381(x,,,/AL)
L /L 0.4 0.5 0.6

B/(Pyu/L) L18 LI5S L12
A/PuL) | 0.711-0.319(X,, /AL) | 0.704-0.350(x,,, /AL) | 0.704-0.392(x,,, /dL)
C/(Pra/L) | 0.606+0.426(x,y, /AL) | 0.574 +0.490 (x,, /dL) | 0.544+0.588(x,,, /dL)

Weight of hull
Kpw— 2E-6x: + 0.0016x + 0.6001 0.763 3]
DW=4E-06 L1 11258287 0]
A=DW/kpy 14749491 ]
LW=ADW 3491205 ]
Ko 2E-06 12 —0.0012 L+ 0.2763 0.161 3]
Pruns=A K 2376.14 0]
Py 233300 [
Prur=PhunsPs 214284 0]
LJL 0.500 [E]
L=(LTLL)2 36.000 ]
L, 60.000 m]
L=(0.9 L-L)2 24.000 [m]
P/l 17.857 [m]
Ny L/L0.7 0200 vm]
A=(Pyu/D) ((0.704-0.350 (X, /AL)) 12.780 [tm]
B=(Py,/L) 1.15 20.536 [Um]
C=(Py/L) ((0.574+0.490 (X,,,/AL)) 9.958 [Um]
dA=2 AL (B-A)(I.1 L-L) 1293 [Um]
dC=2 AL (B-C)(0.9 L-L) 2,644 Um]
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Weight of hull

Weight of Hul, t

O Toma [a=z [ 23 [ 34 [ 4=5 [ 5= [ o7 [ 78 | 89 |s-10|t0-11]11-12[sz-13[13-14]14=15[i5-16[ 6-17[17-16]16-10]19-20]

@ | 767 | s4a | 92z 1000 1077|1155 | 1282 1282 1282 1282 1282 1282 | 1282 1282 1282 | 1292 1074] 915 | 756

508

Stations
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Weight of equipment

The weight of equipment is presented as:

Peq = Peq.l + Peq.z + Peq.s + Peq.4

P, =[0.4+ 0.6]P,
P, =[0.02+ 0.05]P,
P =[0.3+0.45]P,
P =[0.05+0.1]R,

Peq =LW - PhuII - Pss

LW =A-DW
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Weight of equipment

Weight distribution of equipment (aft of a midship)
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Weight of equipment

Weight distribution of equipment (midship)
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Weight of equipment
The weight of equipment may be approximated as:

P..=0.5L,B

eq,af

P

eq, for

=0.008LB
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Weight of equipment

Weight distribution of equipment

120
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Weight of Equipment, t

® [omt Ta-2 [ 2:3 [ 34 [ 45 [ 56 [ 6-7 [ 7-8 [ 6-9 [3-10 [i0-1a[ii-1[i2-1a[sa-1a[sa-15[ss-16[s6-17]s7-16]8-19]19-20
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Weight of equipment

LW

3491.205

2142.848

233291

358410

756.656

24.000

378.328

22.700

302.662

52.966

5.044

15.133

5.044

10.089

15133

15.133

I ALALI6(B, By (B B)

2667

m,~(B,B,) AL2

38.169

M, =y (172+¢,/AL)

36.048

M, ,=m, (172-c,/AL)

2120

¢,=ALI2-AL/6((B,-B,)/(B;+B,)

2.800

m,-AL(B*B,)2

75.666

73.143

M,,=my(1/2+¢,/AL)
=m,(1/2-c,/AL)

2522

M,,~B,AL

90.799

M, —B,AL

90.799
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Dead-weight

The DW of merchant ships is the difference between the full-load
displacement weight A and the lightship weight:

DW =A-LW

A=Vp

The actual cargo dead weight is obtained by deducting the
weight of fuel, stores, fresh water, water (or other removable
ballast), crew and stores, which the ship may carry.

DW =P, + P, + P, + P, +P,

foc
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Weight distribution of LW

6=7

[ 1507 2552 3715 3504 2302 1022 1423 1423 1423 1223

1023|1123 1123 1123 1123 1423 1265 1114 1002 359
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Stations

Weight of stores and crew

The weight of the stores and crew may be approximated as:

P, =0.15n

where n is the number of the members of the crew

ASC = BSC /3

0 1 2 3 4 5 & T 8 9 40 41 12 13 4415 16 47 13
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Weight of stores and crew

" 12 13 un % W ' 1w

Weight of stores and crew

- - [ps]
4.800 u
24.000 ]
B.~P,/(103)/ AL 0080 [tm]
B=A, 0240 ml
B2°B.J3 0.080 ml
BB, 0.160 !
= 210 [tm]
¢=AL/2-AL/6 (B, B,)/(B,"B,)) 0240 tm
m=(B,+B,) AL2 2.667 U
M,,=m, (1/2+c,/AL) 0.720 u
M ,=m, (1/2-¢,/AL) 0.680 u
C=ALIZ-ALIG ((B,-B,)/(B;7B,) 0.040 [m]
my=AL (By+B,)/2 2.800 M
M,,=m, (1/2+¢,/AL) 1.200 u
1.160 0
0040 u
1.440 u
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Weight of stores and crew
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Weight of Stores and crew, t

2=3 | 3=4 | 4=5 | 56 | 6=7 | 7=8 | 8=9 | 9=10 [10=1111=12|12-1313=14|14=1515=16[16=1717=15|18=10|10=20)

[B [ o7 [ 2 | 5 | 24 [ 00 [ 00 |00 | 00 |00 | o0 | 00 | 00 |00 |00 |00 |00 |00 |00 |00 00

Statons
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Fresh water capacity

Fresh water capacity will depend upon whether the water is to be
obtained ashore and carried to the length of the voyage or the
ship’s distilling plant can meet all requirements at sea.

In the latter case requisite capacity for fresh water will be much
reduced. The weight of fresh water and food may be
described as

P, =[0.015 0.02] DW
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Fresh water capacity

o 32 [ps]
P, [105.600] [

P 1.000 |_[vm’]

P, [07200] [

Weight of fresh water and food, ¢

N T R T I I I I e e P P e e P O
[ 00 [ o0 | 00| 00| 00 o0 o] 00| oo 00| o] ool ao| oo e7z]oo] oo oo]o0] a0
Sttons

Fuel, oil and cooling water

The necessary weight of fuel, oil and cooling water is a matter for
specific estimating to the particular machinery installation. An
approximated expression may be taken as:

Py = 0.0002N T

where T is the duration of the voyage in hours.

N, 04612 13- 42.25 L+ 20133 3584.100 Horse]
—24A 720.000 [Hours]
A 30.000 [days]
P, —0.0002 N, T 516.110 11
o 000 U]
Pl 559.623 11
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Fuel, oil and cooling water Ballast

Weight distribution of fuel, oil and cooling water The required ballast will be dependent upon trim and stability
consideration, which in the first approximation can be taken
% as:
w
P, =(0.15+0.4)DW
éao ®
H
O [0 [ 372 [ 25 | a=4 [ 4=5 [ 56 [ 67 | 7-8 | 58 [o-10 [10-1a]1i-12]iz-13]t-14]14=15]15-16]16+17|17-16]16-15] 1920 o
@00 o0 oo [melme] | | | | | [799 799799 | 798 | 795 | 00 | 00 )

Stations.
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Weight of Cargo Weight of Cargo

Detail information has to be taken to determine the weight of Relative net sectional area
cargo. In the preliminary design phase, approximation to

weight may be adequate. When the design is finalised exact
methods should be used. The cargo weight may be presented © S
as:

LY

Pc =DW - vac - Pfuc - Ph

Area, %

The distribution functions of cargo and ballast require knowing
the volume capacities on the ship.

In order to construct the plane of the volume capacities of tanks
and holds is required the information for the hull arrangement © o1 02 a3 o4 05 s a7 08 0 10
and the relative to the midship sectional floating area at
different states.
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Weight of Cargo Weight of Cargo

AO] T o 0 7043 -5.043 ] 125828711
A1) 0 0 4877 20315 5"57)(070} m
A2 0 0 -29590  75.660 - T
AQ) -141.670 417500 -462.330 252.200 PearsDW-Poer e P reat Pratias reat 10541463 | [0
A(4) -255.210  750.000 -811.040 397.750 A 14749491 | [1]
A.(5)| |-384380 1088.000 —-1125.400 512.800 9.000 | [m]
5(6) 453130 1262500 ~1284.400 572000 | (., 3333 {::}
A“(” —477.080 1346.200 —1381.200 611.100 (7J 2'7”” [m]
A.(8)| |-520.830 1458300 -1479.200 641670 o . C=2.25%((L+30)/80) " 2000 | [m]
A(9) ~520.830 1458.300 -1479.200 641.670 [lj C,*BI=0.6B 12600 | [m]
A, (10)}=| -520.830 1458300 ~1479.200 641,670 { P/ -l 1000 | [m]
A (11)| |-520.830 1458300 -1479.200 641670 (l] Hi(umsﬂ,o e —— 00 u[’,l:\]q
A.(12)| [-520.830 1458300 -1479.200 641.670 | |\P Dock tank 57200 [m’]
A, (13)| |-520.830 1458300 —1479200 641.670 (l\‘ Bilge tank 7760 ()
A (14)| | -520830 1458300 -1479.200 641.670 | (\D/ Bottom tank | 26649 [m]
A.(15)| |-502.080 1410.000 -1435.900 626900 LT 26649 [nn]
A Bottom tank 3 26.649 [’
A.(16)| | 453130 1262.500 —1284.400 572.000 =

A, (17)| |-433330 1209200 -1221.900 534.000 Deck tank 16200 [m?]
A.(18) |-196.880 597.080 -669.000 349.200 Bilge tank 12960 [m?]
A, (19) 0 0 -45.154 82877 CletmGtsil ddar
_ Bottom tank 2 4.441 [m?]
A.(20)] 10000.000 0000.0000 0000.0000 52.000 Bottom tank 3 4441 [m)
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Weight of Cargo

Weight distribution of cargo

Weight of Cargo, t

o [ =2 [ 2 [ 3 | 4= | 5o | o7 | 0 [ om0 [ 50 | et | 0o [ [mow | wes | 5 [ o0 | 7o [ e [ 520

m | {520 [3900] 4212 s2ts [ 390] waez | sasz] svaz] sovz | 3s2] saez | 3204 [ 4m0 | soza] o0

Stations
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Weight of DW

Weight distribution of DW

0

600
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Centre of gravity of DW and LW

Weight distribution of DW+LW

800000

00000

600000

200000 +—— H H =t
. ﬂ I I ﬂ
0000

01 [ 12 |23 |34 | 455 | 5% | 67 | 78 | 89 | 9=D | D=1l | 1= |p=I3|B=M | =5 | 56 | =T | 7= | B=1 |20

ot [151396256.36372.94(440.76/599.94580.82]563 48| 6 76 510/576 51576 51576 51 66,4 573.42418.74| 8590
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Centre of gravity of DW and LW

Stations | Stores | Water Fuel Ballast | Cargo DW LW [ DWW k 1110]
0] 2] 3] 14 5] (6] (8] 9 [10] (11
0.680 0.000 0000 | 0.000 | 0.000 0.7 150.716 | 151.396 | 9.500 |-1438.262
1200 0.000 0000 | 0.000 | 0.000 12 255.196 | 256.396 | -8.500 |-2179.366
1.480 0.000 0000 | 0.000 | 0.000 15 371466 | 372.946 | 7.500 [-2797.098
1440 0000 | 79.946 | 0.000 [ 0.000 814 | 359383 [ 440.769 | -6.500 |-2865.001
0.000 0000 | 79946 | 0.000 [353.867 [ 4338 | 266.152 | 699.965 | -5.500 [-3849.810
0.000 0.000 0000 | 0.000 [398.589 [ 3986 | 182.235 | 580.824 [ 4500 [-2613.707
0.000 0 0000 | 0.000 [ 421167 [ 4212 | 142317 | 563484 | -3.500 [-1972.194
0.000 0.000 0000 | 0.000 [ 421601 [ 4216 | 142.317 | 563.918 [ -2.500 [-1409.795
0.000 0.000 0000 | 0.000 | 433759 [ 4338 [ 142317 | 576.076 | -1.500 [ -864.113

0.000 0.000 0000 | 0.000 | 434.193 [ 4342 [ 142317 | 576510 | -0.500 [ -288.255
0.000 0.000 0000 | 0.000 | 434193 [ 4342 [ 142317 | 576510 | 0.500 [ 288.255
0.000 0.000 0000 | 0.000 [ 434193 [ 4342 [ 142317 | 576510 | 1.500 [ 864.765
0.000 0.000 0000 | 0.000 | 434193 [ 4342 [ 142317 | 576510 | 2.500 [1441.274

0.000 0000 | 79946 | 0.000 [ 434.193 [ 514.1 | 142.317 | 656456 | 3.500 [2297.596
0.000 | 97.200 | 79.946 | 0.000 | 434193 | 6113 | 142317 [ 753.656 | 4.500 |3391.452
0.000 0000 | 79946 | 0.000 [ 429417 [ 5094 [ 142317 | 651.680 | 5500 3584239
0.000 0000 | 79946 | 0.000 [ 416825 [ 496.8 | 126450 | 623222 [ 6.500 [4050.941
0.000 0000 | 79946 | 0.000 [ 382090 [ 4620 [ 111.391 | 573427 | 7.500 4300706
0.000 0.000 0.000 | 0.000 | 309580 [ 309.6 | 109.161 | 418.740 | 8.500 [3559.292
0.000 0.000 0.000 | 60.000 | 0.000 60.0 | 135904 | 195904 | 9.500 [ 1861.084

Zl]
%,

X, =AL
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Water buoyancy

In order to calculate the still water buoyancy distribution the
location of the still waterline of the vessel must be determined
based on the two overall equilibrium requirements.

It is also necessary to define the weight distribution, m (x) or at
least the overall weight and the location of the longitudinal
centre of gravity.

Thus, once the water line of a ship has been specified, the still
water buoyancy is fixed and calculable, and the still water
load, shear force and bending moment depend entirely on the
weight distribution.
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Water buoyancy

The overall static equilibrium requires that the total upward
buoyant force equals the weight of the ship and that these two
vertical forces coincide that the longitudinal centre of
buoyancy (LCB) must coincide with the longitudinal centre of
gravity (LCG). Using this notation, the first requirement is:

L L

pgja(x)dx = g_[m(x)dx =gA

o o

Similarly, the equilibrium of moments requires that:

L L
pgjxa(x)dx = g.[x m(x)dx = gAl,
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Water buoyancy

Hull form + draft + trim buoyancy forces

bonjean a waterline
curves

alx) x-section area at x
b{x): buoyancy line load at x,
bix) = alx)p g

buoyancy force curve

Behaviour of Ship Structures, yordan.garbatov@ist.utl.pt

Water buoyancy

Bonjean curves show the relationship between local draft and
submerged cross-sectional area. There is one Bonjean curve
for each station. There are typically 21 stations from the FP to
the AP, with O being the AP. This divides the Lop into 20
segments.

VUGG

At each station we can draw a Bonjean curve of the x-section
area s bonjean cure ot station i

s

a(T) A8 section at station |
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Water buoyancy

Having the drafts at FP and AP and using the Bonjean curves the
floated net-sections can be defined and the displacement and
longitudinal centre of buoyancy may be calculated. The
procedure has to be repeated until the difference between the
position of the longitudinal centre of gravity and the
longitudinal centre of buoyancy is acceptable.

Tafr

Thor

i 0 1 2 3 4 5 6 7 8 910 11 12 13 1415 16 17 18 1920

Behaviour of Ship Structures, yordan.garbatov@ist.utl.pt

Water buoyancy

To satisfy the above requirements must be determined the drafts
at FP and AP, which needs the information about the mean
moulded draft (Tm ), the longitudinal centre of buoyancy
(LCB), the longitudinal metacentric radius (BML) and the
longitudinal centre of gravity (LCG):

T :Ter[LixijCG—LCB
2 BM,

Ty =T _[LHJ LCG-LCB
2 BM,
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Water buoyancy

For the typical 21 station ship, we divide the ship into 21 slices,
each extending fore and aft of its station. Using the Bonjean
curve for each station we calculate the total displacement at
our draft/trim;

bonjean curves

watering

FP
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Water buoyancy

It is well known that the floated section of the Bonjean curves
may be approximated by a line between two neighbour water
lines at a distance of 0.1T.

It is considered that LCB=x; and BML=L then an analytical
method for estimating the LCB and displacement can be used.

For that purpose an additional water line WL above the
waterline WL, on a distance of 0.1T has to be plotted.

If the estimated waterline takes place between WL, and WL,
then the immersed cross sectional area of any state may be
calculated as:

a; —a, X
a =a;+——|a+b—
€ L
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Water buoyancy
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Water buoyancy

we L
L
W ©
N E
Wo 3 H Lo
<
E
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Immersed sectional area - still water
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Basic relationships

The principal assumption for a load, shear forces and bending moment
calculations are listed hereunder:

— There is only one independent variable, longitudinal position, x.
— The loads and deflection have a single value at any cross section.

— The hull girder remains elastic, its deflection is small, and the
longitudinal strain due to bending varies linearly over the cross
section, about some transverse axis of zero strain (neutral axis).

— Dynamic effects may be either neglected or accounted for by
equivalent static loads.

— Since the bending strain is linear, the horizontal and vertical bending
of the hull girder may be defined separately and superimposed.
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Weight distribution of displacement

Aya sy, 10384.90 1
X=ALZ/2, -L/2 311 [m]
) 3.10 [m]

P 10384.90 1]

400 H

300 H ]

TDH Il
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8| 600 | 510 514 | 4564] 5511 618 | o422] 6551]593] 6593 6593|6597 6593] 5593 [s55 ] o425 | oot | 5335 | 3097 242
Sttions
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Basic relationships

In elastic, small-deflection beam theory the governing equation
for the bending moment is:

d*M
ax> (x)

where q (x) is the loading on the beam, expressed as a
distributed vertical force, t/m.

For a ship, this is a net distributed force that is resultant of the
buoyancy force and the weight force.

In the sign convention adopted herein, forces are positive
upward, but an exception is made for the weight force, which
is conventionally regarded as positive. The net force is:

a(x)=b(x)- p(x)
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Basic relationships

A ?q? A

Gil

dx @HQ
PR

The solution for requires two integrations. The first yields the
transverse shear force, and it is obtained by imposing vertical
force equilibrium of a differential element considered as a free

body: Q+adx-Q-dQ=0
_dQ
dx

Q(x)= jq(x)dx +1

q
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Basic relationships
The equilibrium of moment yields:
M +Qdx + qdx %—M -dM =0

The dx? term of the second order is neglected and therefore:

dM
e
M(x)= j'Q(x)dx +x
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Basic relationships

In order to calculate the load on the hull girder it is necessary to
calculate both the distributed buoyancy force and the
distributed weight force.

The still water buoyancy is a completely static quantity and it
depends mainly on the shape of the immersed hull.

The additional buoyancy force due to waves is markedly different
from the buoyancy force in still water, being essentially both
dynamic and probabilistic.
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Basic relationships
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Shear forces and bending moment in still water
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Shear forces and bending moment in still water

Loading distribution

. Ml NPT
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Shear forces and bending moment in still water

Distribution of shear forces and still water bending moment.
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Requirement of classification societies

The CS Rules calculate the design bending moment distribution
along the ship length covering:
« The design still water bending moments in seagoing condition,
« Design wave bending moments in seagoing condition,
« Speed/flare corrected design wave bending moments in

seagoing condition,

« A minimum hull girder section modulus requirement, and
« Maximum allowable still water bending moments in harbour.

Paositive still water moment, s

(o

-
--o----Fn
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Requirement of classification societies

The design still water bending moments amidships M, (sagging
and hogging) are normally not to be taken less than:

M=M,,, (kNm)
M,,=-0.065 C,,, L? B (C,+0.7) in sagging,(kNm)
M,,=C,,, L?B (0.1225-0.015 C,), in hogging, (kNm)
ch:CW
0.0792L for L<100m

(300-L)

100
10.75 for 300 <L <350m

(L-350)]?
10.75 - o for L>350m

A
10475{ } for 100 < L <300m

Cw=
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Requirement of classification societies

Still water loads result from the action of the self-weight of the
ship, the cargo or dead weight and the buoyancy.

The variation of still water load depends to a large extent on the
dead weight since the light ship weight is almost constant
during the ship's lifetime and the buoyancy force is always
equal to the sum of the other two components.

Therefore, the value of the still water effects is governed at each
time by the amount of cargo and its distribution along the
given ship.
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Requirement of classification societies

The CS Rules calculate the design shear force distribution along
the ship length covering:
« Design still water shear forces in seagoing condition,
« Design wave shear forces in seagoing condition.

Fosttive still water shear for 5
&P ’—C'—‘ 50 FP
I
I
|
|
I
I
I
I
I
I

L\ | =
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Requirement of classification societies

When required in connection with stress analysis or buckling
control, the still water bending moments at arbitrary positions
along the length of the ship are normally not to be taken less
than:

Ms:ksm MSO

kg,=1.0 within 0.4 L amidships
k,,=0.15 at 0.1 L from AP or FP
k=0 at FP and AP

Behaviour of Ship Structures, yordan.garbatov@ist.utl.pt
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Requirement of classification societies

The design values of still water shear forces along the length of
the ship are normally not to be taken less than:

Qs:ksq Qsor (kN)
Qq=5 M, /L, (kN)

where:
ks=0 at AP and FP
Ksqg=1 between 0.15 L and 0.3 L from AP
ksq=0.8 between 0.4 L and 0.6 L from AP
Ksq=1 between 0.7 L and 0.85 L from AP
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Requirement of classification societies

Design shear forces in Stillwater
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Requirement of classification societies

The design still water bending moments
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Load calculation methods

A ship is a freely floating body on the surface of the water and it
is subjected to a combination of hydrostatic and hydrodynamic
forces depending on whether either the ship or the free
surface is moving.

At the overall or global level, if the ship is considered as a rigid
body (a beam or girder), then Newton's second law must be
satisfied, that is:
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Wave-induced loads for ship structural analysis

It is generally accepted for the purposes of ship structural design
and analysis that both hydrostatic and self-weight loads can
be determined for a given ship condition with a high degree of
confidence.

The underwater shape of the hull is determined from detailed
knowledge of the hull offsets, enabling the buoyancy
distribution to be calculated.

Detailed weight lists, including knowledge of stores, cargo and
fuel enable the self-weight distribution to be calculated.
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Static-balance method

Typically the still water load is not the most severe overall
loading case, as the effects of dynamic wave loading must be
superimposed upon the still water case.

An exception to this is very large ships such as bulk carriers,
where during loading or unloading, the overall bending
moment may be large enough to bring about hull girder
collapse.

Until recently, the usual approach has been to imagine the ship
momentarily balanced upon a design wave, such that the net
force and moment on the ship is zero, and to calculate the
corresponding shear force and bending moment distributions.

Behaviour of Ship Structures, yordan.garbatov@ist.utl.pt
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Static-balance method

The static-balance is an idealised representation and does not
directly allow for dynamic effects so it will not provide a true
assessment of the actual stress distribution within the
structure.

Itis a very valuable tool in the ‘Rules’ approach to ship design.
The ship is designed to ‘Rules’ such that calculated stresses
are less than or equal to a specified maximum when the ship
is balanced on the design wave.

This enables minimum sectional modulus to be determined and
should be followed up later on with more detailed and specific

calculations, such as analysis of stiffened panels or deck
openings.
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Static-balance method

The weight and 'static wave' buoyancy distributions are needed
to determine the shear force and bending moment distribution
along the length of the ship.

1. The ship is typically broken down into at least twenty sections
for these calculations.

2. The weight distribution comes from design calculations.

3. The buoyancy distribution is calculated through an iterative
procedure.

To calculate the buoyancy distribution, the waterline takes on the
shape of the assumed wave profile (usually trochoidal) of
height, H and of length, A, which is the most commonly taken
as A = Lgp although sometimes A = 0.9 Lg, may be used.
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Static-balance method

There has been much discussion as to suitable methods for
specifying design wave height, and historical accounts of
standard wave height. Probably the most common formula is:

-t
Although this is less commonly used, particularly for higher wave
lengths,
h, =0.6JL
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Static-balance method

Calculated stresses, using the design wave approach, may be
used for comparison purposes throughout the life of the ship,

but it should always be recognized that the calculated stress
level is indicative only.

It is considered that this approach is conservative in terms of
overall hull girder strength, and have been shown that bending
moments predicted by the static-balance method are greater
than those calculated from solutions to the equations of
motion.
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Static-balance method

With the crest (hogging case) or trough (sagging case) of the
wave at amidships, the trim and the submergence of the ship
is iteratively adjusted until the force and moment equations
are balanced:

For shear forces
L/2

if/z[w(x)—b(x)]dx =0
Bending moments

L2

,L[/ZX[W(X)_b(X)]dX:O

Once these equations are balanced, the shear force and bending
moment distributions are determined through integration of the
sectional forces along the hull.
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Static-balance method

Design wave forces are considered to be quasi-static. As a wave
passes by a vessel, the worst hogging moment will occur
when the midbody is on the crest of a wave and the bow and
stern is in the troughs. The worst sagging moment will happen
when the bow and stern are on two crests, with the midbody in
the trough between.

heqaing - tension in the deck
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Static-balance method

Whether for sagging or hogging, the worst condition will occur
when the wavelength is close to the vessel length. If the
waves are much shorter,

SRS

or much longer than the vessel, the bending moments will be
less than if the wavelength equals the ship length.
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Static-balance method

Laying out the wave profile on that of the ship so that heights for
reading the Bonjean curves may be obtained makes the

buoyancy curve. The trochoidal-wave profile may be
constructed

A-wave length

free water surfac crest
A ¢ N
r
| .
Ll
o \! M height

trough
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Static-balance method

The condition of equilibrium may be written as:

L/2
qux =0
-L/2
leading to
L/2 X
r _[ B(x)cos —~dx
c== -L/2
Aw
Introducing

Static-balance method

The ‘8m’ wave is given by SSCP23. An increase of 15% is
recommended if the ship operates solely in the North Atlantic.

Lm ,L<80m
10

h, =
8§m ;L>80m

Design e
Wave Lo -
Height

(m)

§ metre

Length, I (m)
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Static-balance method
Trochoidal-wave profile

N

K Still Water Level gi
Ji 3%

A2

< >

The variation of the load of the ship as a result of the wave profile
is:

q= —yB(X{g Fr cos%}
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Static-balance method

Taken into account that the water plane area can be calculated
as:

Awp = aypBL
leading to
s = J—ri(p
Ayp




Static-balance method

The additional vertical bending moment as a result of
redistributing the buoyancy is:

M, = j' Jx'qudx
-L/2-L/2

Making superposition of additional load for the vertical bending
moment is written:

R 22\ B[ (x|
M, FpBL° [i—cos—j—{d[fﬂ
! —[I-Z—E[/Z Qyp A B L

The sign (-) present the wave is in a wave trough (sagging) and
(+) is for a wave crest (hogging).

Static-balance method

Finally the additional vertical bending moment that is taken into
consideration of quasi static loading of the ship on the wave

surface is: _ N
M, F BLk z7aw,,7x

LR

The additional vertical bending moment at the midship section
(x=0) may be calculated as:

0

M, (0)=- J'qux

-L/2

M, (0) = FyrBL’k,
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Static-balance method

We can now calculate the wave bending moments by placing the
ship on the design wave. We can use the Bonjean curves to

determine the buoyancy forces due to the quasi-static effects
of the wave;

/1A |+ /{} bonjean curves

wave profile

AP FP
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Static-balance method

The steps to determine the wave bending moment are;

1. Obtain Bonjean curves

2. At each station determine the still water buoyancy forces.
3. At each station determine the total buoyancy forces

4. The net wave buoyancy forces are the difference between
wave and still water.

This gives us a set of station buoyancy forces due to the wave
(net of still water). These forces should be in equilibrium (no
net vertical force).
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Static-balance method

net wave forces {seff-balancing)

midship merment
(balancing the affects of the forward forces)
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Static-balance method

HOGONG CORDITION
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Static-balance method Static-balance method
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Wave-induced load — sagging Static-balance method

Wave ordinates - sagging Waterline positions — sagging
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Static-balance method Bonjean plan - sagging
E
Immersed section area — sagging g E <
2 solE |E |3
I
20 [1] [ 1 [4] [5] 6 [7] 8 [9) 0] [11] [12] [13]
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Immersed sectional area - sagging

2 g s ] -
s e iE |F B |2
k4 g < |= < 2 =
- m? m? m? m?
0] [ [] 7
3.52 5.75 0.0
20.5 26.91 6.4
448 54.65 19.68
7 77.97 36.57
95.83 55.08
4.8 73.68
6 6. 7.9 92.27
7 7. .1 )4.52
8 8. .4 1.7
9 9. 5
57
5 6
4 7. 7
5
. 2.3 .0:
100.62 59 .2.
6 6. 101.63 7.57 .1
7 7. 94.79 9.42 .63 48.7
8 8. 84.66 .95 9 57.2
9 9. 42.11 49.18 7.07 4.3
0 0. 0.00 61 261 52.27
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Loading condition - sagging

| A=AL3[11]y | 10389 | [t] |
| Xe=ALZ[12)/Z[11]-L22 | 3.16 | [m] |
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Shear forces and vertical bending moment - sagging
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19 | 3945 10.74 | 207.05 | 33.03 | -11.14 | 21.88 [1910.08{-1942.13| -32.05
20 0.95 381 | 22161 | 1173 [ -1173 | 0.00 [2044.34]-2044.34] 0.00
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Wave-induced load — hogging

Wave ordinates, hogging

Wave ordinates, m

Stations

Behaviour of Ship Structures, yordan.garbatov@ist.utl.pt

Static-balance method

Distribution of shear forces and wave induced bending moment,

sagging
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Static-balance method

Waterline positions, hogging
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Static-balance method
Immersed sectional area, hogging
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Bonjean plan, hogging
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Immersed sectional area, hoggi

ng
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Loading status - hogging

A=yALZ[11]y  [10132.35] [ |

[Xc=AL $[12)/2[11]-L/2]

3.05 | [m] |
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Shear forces and vertical wave bending moment - hogging

s 2 48| £ 5[5, a8
s S H g 72 | =7
[1 [5] [6] 7. [8] [o [10] 1] 12]
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19 893 | 7640 | 2746 | 008 | 2738 [-704.82| 748.08 | 43.27
20 003 | 85361 .0.00 | 009 | 000 [.787.46] 787.46 | 0.00

Static-balance method

Distribution of shear forces and wave induced bending moment,

hogging
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Primary hull girder stresses

Primary secondary and tertiary hull girder components

H \ 11 /
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Primary direct stress

The elastic curve equation under assumptions of the elementary
beam theory may be obtained by equating the resisting
moment to the bending moment, at section x:
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Primary direct stress

Elementary Bernoulli-Euler beam theory is usually used in
computing the primary stress or deflection due to vertical or
lateral hull bending loads.

Considerations related to the applicability of beam theory:

» The beam is prismatic, i.e. all cross sections are the same.

» Plane cross sections remain plane and merely rotate as the
beam deflects.

» Transverse (Poisson) effects on strain are neglected.

» The material behaves elastically, the moduli of elasticity in
tension and compression being equal.

» Shear effect (stresses, strains) can be separated from and
do not influence bending stresses or strains.
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Primary direct stress
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Primary direct stress

Integrating for the deflection of the ship hull as a beam with
variable net section may be written.
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Primary direct stress

The calculation of the deflection has to be performed taking into
account that:

M mid = M sw +M ww
The maximum deflection can be evaluated by:

M.

max
7 —

max kI

max

where the coefficient k depends on the distribution of the moment
of inertia and vertical bending moment
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Primary direct stress

The longitudinal stress in section x is related to the bending
moment by the following equation:

o(x2)=

1(x) °

The extreme stresses are found at the top or bottom of the beam
where z takes on its numerically largest values.

The quantity W(x)=I(x)/z is termed the section modulus of the
beam. The extreme stress at the deck or bottom is given by:
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Calculation of section modulus

The section modulus to the deck or bottom is obtained by
deriving the moment of inertia by the distance from the neutral
axes to the moulded deck line at the side or to the baseline,
respectively.

The following items may be included, provided they are
continuously or effectively developed:

— Deck plating (strength deck and other effective decks)
— Shell and inner-bottom plating,

Deck and bottom girders.
Plating and longitudinal stiffeners of longitudinal bulkheads.
All longitudinals of deck, sides, bottom and inner bottom.

Calculation of section modulus

The section modulus calculation for the cargo ship is based on
the following formula for the moment of inertia of any
composite girder section:

<o, - A2 ) g

If the assumed axis be assigned an arbitrary location, the known
or directly determinable values may be obtained:

~ _2ah
NA_Za_ A
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Calculation of section modulus

Ia=112bt

Ipa =1/12tb3
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— Continuous longitudinal hatch comings.
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Calculation of section modulus
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Section modulus

= Scantlings Area Height Moment Second Local Second
[memm] a[m?] hfm] ahm] | Moment ah?m] | moment ifm¢]
Strength deck plating 25014 0.0350 9 03150 2.835
Strength deck stringer plate 15016 0.0240 9 0.2160 1.944
Strength deck longitudinals W160e14; 0.0084 89 0.0748 0.666
140014

Sheer strike 10016 0.0160 85 01360 1.156 0.001

Side plating 7.2014 0.1008 44 04435 1.951 0435
Second deck plating 40012 0.0480 55 0.2640 1452

Bilge (curved portion) R=0.8; t=14 0.0176 0.29 0.0051 0.001 0.001
Inner bottom plating 65014 0.0910 10 00910 0001
Inner bottom margin plate 15016 0.0240 10 00240 0024
Inner bottom longitudinals | W200e10; F66e15 | 00150 0.86 00129 0011

Side girders 10012 0.0240 05 00120 0006 0,002

Centre girder (1/2) 1,006 0.0060 05 0.0030 0001 0,001

Bottom plating 7.2014 0.1008 00 0 0

Bottom longitudinals W20010; F66e15 | 0.0150 014 00021 0000
Upper hatch side girder | W0.5024; F0.4825 |  0.0225 8.64 01944 1.680
Lower hatch side girder | WO0.5e25; F0.4e25 | 00225 514 01157 0595

Totals 05706 1.9095 12413 0440

Behaviour of Ship Structures, yordan.garbatov@ist.utl.pt

23



Section modulus

The distance of the neutral axis above the keel is:

o ah 19005
M7 3 a, 05706

=3.346 [m]

I =1, — A, = (12.413+0.440)- 6.390 = 6.463 [m" |

[ 12.93

W, = = =2.287 [m’]
ho —hy  9.00-3.346
W, = =129 s e [w]
he 3346
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Shear stress in ship structure - multicell

Points of zero shear flow
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Shear stress in ship structure - multicell
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Shear stress in ship structure - multicell

In the definition of S* was assumed that the line integral was
always commenced at a point of zero shear flow.

Consequently for the tanker, the value of S* can only be
calculated along AB and FE; it cannot be calculated anywhere
around the perimeter of the wing tank BCDEB —statically

indeterminate.
10m 10m
A C
B \
12m
ta=32mm
b
8m
E
F D
tc=60mm tg=60mm
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Shear stress in ship structure - multicell
The standard technique consists of two main steps:

A-Remove a sufficient number of restraints resulting in a
statistically determinate problem. The artificial model has
displacements at the restraint points which should be zero.

B-For each such restraint point impose the geometric condition
that the displacement should be zero.
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Shear flow calculation of multicell section

The shear flow will be calculated for the idealised tanker. The
thickness will be expressed in terms of a reference thickness,
t, , instead of substituting their numerical values.

10m 10m
A C
B \
12m
ta=32mm
L —
8m
E
F D
tc=60mm tg=60mm
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Shear flow calculation of multicell section

Step 1. Calculation of S* e Jom
Branch BCDE: . B
) t%=32mm
5 =
BC s° :I]ZtAdsl =12t,s,, S¢ =120t, *" .
’ D
! te=60mm ts=60mm
5 o
CD  8'=S¢+[(12-s, s, =120, +[1253 —f]u, S5 =160t
o
DE s" =5+ & o5, =160t, —8t,5,, 5. =160t, —80t, =[160-805 }t, =—1ot,
32
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Shear flow calculation of multicell section

10m 10m
A c
= \
12m
t=32mm
8m "
E
- D
te=60mm te=60mm
6 =120t Sc'=120t
A ___— e
B
max §"=192ts
Se"=160ts
E
T
F s TR oo
s&-1501 o~ 100
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Shear flow calculation of multicell section

Step 2 Cyclic integration §5Tds

A\ 4
A
A 4

Behaviour of Ship Structures, yordan.garbatov@ist.utl.pt

Shear flow calculation of multicell section

Branch ABE et 10m

N 120
AB s’ =[12t,ds, =12t,s,, Sy =120t, p=szmm
'! ) ’ 8m ‘/
e
¥ D
. J s
BE S =5;+[(2-s)tds, :120tk+[]255 7575 t,. S =160t,

o

Branch FE

FE 8" = [(8)tcds, =8tcs,, ¢ =80t = SO%tA =150t
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Shear flow calculation of multicell section

]

———
<4+—<4——<4—
-

Y
T
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Shear flow calculation of multicell section

BC 1919t . B
S I
A1 _
jt—ds, =600 =
5ot }
s? [T -
cD 120+1252772th o
~ 72 ds, =|120s, +6s; -2 | =3467
j IA : { A+ : 6}
o 0
12(160t, —8tys,) w32
DE j’%ds, = J‘[IGO§—85,JdS, =353
o B o
( 5t
EB e et ] s

(negative because the integration is against the flow)

§STdS =600+3467 +353 -3467 =953
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Shear flow calculation of multicell section

Step 3. Cyclic integration §$

30$7$
BCD, DE and EB: ol T 0
0ds 10 30+10[ —— |+20
=== ds 68 5471
Its tq S\
0 t tA
20%7@
OtA IA
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Shear flow calculation of multicell section

Step 4: Calculation of corrective shear flow

It s o
-9 SR8 Qg4
=7 [  (17424)
t

A negative value indicates that corrective shear flow is counter
clockwise.

Step 5. Total shear flow

|

q=q"+q, = I (S*—17.42tA)
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