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The I nfluence of Hull Deflection on Double Bottom Tank M easur ement

Introduction

Deflection of the hull, i.e. deformation of the tmyh of the ship from a straight line to a
curved line either concave (sag +) or convex (hag determined from the following
formula:

TKF + TKA

d=T, -~

1)

where:Tx — keel draught at midship
Tkr — keel draught at fore perpendicul&Py;
Tka — keel draught at aft perpendicul&R).
Ship’s hull deflection is well known and taken irocount during draught survey.
There are three reasons for ship’s hull defoionatamely:
- aconstant deflection caused during hull builddingmproper exploitation ;
- improper weight distribution alongside ship;
- thermal (solar) deflection caused by different penatures of sea water and air (specially
during sunny days when the deck temperature inedeesnsiderably).

The solar deflection may be significant. In [1]ase was described when a 70 000 DWT
vessel laying at anchor alters her deflection fsag 5 cm (at 0700) to hog 27,5 cm (at 1700).
The ship’s hull deflection is taken under consitieraduring displacement calculation while
draft survey is performed. There arise a quesfioconsiderable hull deflection influences the
correct measurement of double bottom tanks.

Hull deflection equation

The exact curve of hull deflection is unknown, fartthe practical purposes it is assumed that
it takes a parabolic form [1,2]:

y=alx*+bXx+c (1)
where: y — ordinate (draught);
x — abscissa (longitudinal coordinate of draughtksiar

To determine the parabola coefficieatdandc three equations are needed:

T =alX; +bX, +c
T =alX;, +blx, +cC 2)(
Tire =aXE +bX. +C

Where:Tkar— keel draught reading at aft draught mark;

" All symbols and sign convention used in this pareraccording to the proposals stated in the pyimiafting
of the MCS Cir. 920. In the later formulation ofsltircular some suggestions relating to sign catiea are
omitted.



Tkr— keel draught reading at mid draught mark;

Tkrr — keel draught reading at fore draught mark;
xa — distance of aft mark from aft perpendicul@Py;
xu — distance of mid mark fro#P;

xg — distance of fore mark fromP.

To solve this system of equations matrix calcutati@as used and four determinant were
defined as follows:

2

Xa Xa 1 TKAR Xa 1
Det|W| =[x X, Defld =[Tx Xy 1
X2 X Teer Xe 1
Xa Tiar Xa X Tiar
Detf = |x}, T 1| Defd= xi xy Te
N X2 X T

Using the determinant all the coefficient may beedained:

Detd Detlo| . Detd]
DetW| DetWw| DetW|

Now an equation may be written to determine draf@hany point at abscissg:

Tp:aD<§+bD<p+c 3)
Using this equation once for aft perpendiculaiP) xa=0 and again for fore perpendicular

(FP) x== LBP (length between perpendiculars) trim of the vielssveen perpendiculars
may be determined (negative sign is attributedino by stern [4]):

t=Tee —Tia
and mean draught:
Tee +T,
Ty = KE > KA

If the draught at midT) is different fromTky then it means that a hull deflection exists.
Ship’s deflection (sag or hog) is usually calcuflatsing following formula:

d=T, —Tuy

Sometime the deflection is considerably and caoagethe calculated trim between
perpendiculars is not constant along the ship’s fiol prove it let us solve an example.

Example: A vessel LBP =110,0 mTkar = 3,50 mXxa = 3,5 m;Txkr = 3,18 mxy = 55 m;
Tker= 3,10 mxr = 107 m

Tank location: fromx, = 74 m from AP to¢ = 95 m.

Calculate: trim between perpendiculars, hull deftet; draught on coordinateg andx;, local
trim in the tank range.



Salvation: using the described matrix calculations the fwifgy results were received:
Trim between perpendiculars: -0,428 (by stern); deflection = -0,137 m (hoggirdraught
on coordinateg, — T,= 3,12 m;x — T = 3,097 m. Local trim for tank range:

T, -T -
t zgﬂgpzwﬂloz -0131m
X, =X, 95-74

As from this example may be seen, hull deformatiamse alteration of trim which should be
applied during reading the liquid volume from sowgdable from -0,43 to -0,13 m.

Local trim for tank range
Knowing the coefficient of the parabola equatiois ipossible to determine the local trim for
any point along the hull as the derivative of #dgiation is equal to the tangent of trim angle:

tany = (alx} +b X, +c) 4)
If the coordinate, will present the centre of a tank then the logat t(t)will be:

t, = tany [(LBP (5)
Assuming that the deflection curve is a paralisdaabove shown calculation are
mathematically correct but a bit complicated angetconsuming.
If we assume that the fore, mid and aft drasigefer to perpendiculars and additionally
thatLBP=1;xr =1; X'y = 0,5 and’ap = 0 &’ -relative coordinate)[5] then:

T, =al’+bD +c
T, =al05° +b[D5+cC (6)

T, =all’+b0 +c
Solving this system of equations we get:

a=2[T, —4[T, +2[T.,
b=400, =30, ~Ty: ) (7
C=Tga

Using these coefficients, draught for any poinhglthe hull may be determined but the
abscissa must be presented as relative lergthx/LBP. This way though shorter is still time
consuming. The shortest way to calculate the logalfor a given tank is to make use of the
trim between perpendiculars and determine onlattezation of trim caused by hull
deflection. Assuming that a vessel is on even &adladditionally assuming that the fore and
aft draughts are equal zero and at midship thegtitasd (deflection)we may determine the
a, b andc coefficients using (7):

a=2[0-4[d+2[0=-4I[d

b=40d-30-0=40d
c=0
Now the parabola equation will be;
y=-4H X * + 40 X
The derivative of this equation is equal the tatigéat pointx’:



tany = y'= (408 Ok + 40 [X)'= -8 [0 [k'+4 (8)

and as relative length of the vessdlBP=1 the correction for local trim is:

At, =tany
Transforming equation (8) we get:
N LBp CIBP— LBP o LBP
A, = -8[d [ﬁx'——jd‘— =-8HG3——2 =8 3—2—
2) LBP LBP LBP
At = -80d 022 9)
LBP

Where:x’ — relative longitudinal distance of tank centr@enfrAP;
x, — real longitudinal distance of tank centre framidships.

Using equation (8) a diagram was performed forxtha range from 0O to 1.

Alternation of local trim

N

Coefficient Ct

0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1
Relative distance from AP

Fig. 1. Diagram of the trim correcting factor

Using the trim correcting fact@s; the value of trim alternatiadt; may be calculated as
follows:

At, =d [T, (10)
And finally the local trim for the tank:
t =t+At, (11)



Example: For the same data as in the pervious examplelegdcthe local trim for the tank
using the trim correcting coefficie. All calculations should follow algebraic rules
regarding signs.

Solution. Centre of the tank:

+
Cs = 74+95 =845m
Relative distance of the centre of tank:
" Ce _ 845 - 077
LBP 11C

Trim correcting coefficient from diagram = -2,15

At =d[C, =(-014) [{-215 = 030
Local trim for the tank:
t =t +At, =-043+ 030=-013m

All calculation should follow algebraic rulesregarding signs.
Negative sign is attributed to trim by stern.

Additionally tanks situated direct on bottom alfieeir shape and cause inaccuracy in the
measurement of the liquid volume (fig. 2).

| ] |
\ Ad -

Fig. 2. Bottom deflectiozld in range of one tank.

Along the tank length exist deflection which ismaadl part of the hull deflection and it is
determinate by:

2
Ad = d[ﬁ | j 12§
LBP
To prove this formula we may use the relative palalequation.
d =T, _TKF +Ta

Substituting each value on the right side of tlgjsagion by it's parabola equation we get:

d= a[ﬁsz +bd§+TKA_(aDc2+b5<'+TKA+a[ﬂ)+b[(D+TKA] _
2 2 2

N .
théxj +2BO +T,, —aX2+bX+2[T,, - ,2
= 2 2 —al —ade =-2x2
2 4 2 4
As it looks from the final result the total hulkfitection is equal one quarter of the
constang with opposite sign multiplied by square of thatize length if x'?=1):




(13)

Similarly for practical purposes:

—_ It ’
Ad =d [ﬁLBPj (14)

The additional solid cause by the deflection intdrek range may be calculated by
multiplying the tank lengthld) by the side plane formed by the parabola andaggsit line
(fig. 2). Using Simpson formula we get the sidenpta

2[Ad 11,

lt
=—L[{0+4[Ad +0) = 15
ZBE( ) (15)
And finally the addition volume:
21
AV, =F [ =d z =d[C 16
‘ SD_BPZJ ‘ (16)

The easiest way to calculate this correction is wdtiply the hull deflection with
appropriate sign (sag +, hog -) by coeffici€gt once calculated for a given tank.
Formula (16) is true only for tanks placed in pietahiddle body of the vessel.
Example
Ships datal. BP = 185 m; draft even keel ; hull deflectidr= 0,15 m (sag)
Two bottom tanks containing fuel oil: length = 1Wibreadth = 6,5 m; high = 1,68 m;
LCG = 41,4 m; soundin@S= 0,98 m;SB= 0,92 m.
Sounding pipe are situated at the aft bulkheadclate the volume of fuel of non deflected
and deflected vessel.
Solution.
Non deflected vessel

Vo =, B [3ounding=17,1[65[098=108927m"

Vgg =, [ (ounding=17,1[65[092 = 102258
Deflected vessel
Local trim coefficient:
LBP
LCG—i2 _ —8[€4l4_92’5

C =-8
LBP 185

j =221
At =d[C, = 015[221= 033m (by head)
Sounding correction (wage formula):

<= [, [A, _ 1711033 = 0015m

~20LBP 2018t
Vs, = I, (B [Soundingcorrected=171065[0,995=110594m’

Ve, = |, by (Soundingcorrected=17,1[65[0,935=103925m"
3 3
AV, =d [EM] = OJ_5[EMJ =0,095m°

3[LBP? 3185

True volume:

Port tank = 110,594+0,095 = 110,689 m
Starboard tank = 103,925+0,095 = 104,020 m
(Difference 3,524 r))



Conclusions
1.

2.

3.

Considerable ship’s hull deflection cause inaccgradetermining the volume of
liquids in bottom tanks.

There are two sources of this inaccuracy: firshesdlteration of trim in range of tank
length and the second is the deflection of the tdradl.

The local trim correction aft of midship has oppesign to this of fore ship and
therefore errors in measuring ballast tank pladedgathe whole hull length are
neglect able.

The local trim correction may be important whilelfa@ tank situated aft in enginer-
room are measured. Also during bunker survey (Hiog’ or “off hire” survey).

To simplify the procedure to apply the local trintregtion it is suggested to calculate
the trimming factor for each tank and place theiltas sounding table on appropriate
page for any tank and use formulas (10) and (11).
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Obliczenie strzatki ugcia metod diugasci wzglednej — przypadek ogoéliny

W praktyce znaki zanurzenia nig @mieszczane na pionach a ich odlégt@d pionow
réwniez nie g rowne. Réwnie srodkowe znaki zanurzenia mpgnajdowé sic w pewnej
odlegtcci od owkza. Znak wolnej burty umieszczony jest zawszéradokrciu, a nie na
owrezu.
W celu okrélenia wspotczynnikow paraboli odksztatcenia niesap skomplikowanego
rachunku macierzowego mua posipi¢ nas¢pujaco:
- ograniczy si¢ do obliczania paraboli zawartej¢dizy znakami rufowymi i dziobowymi
przyjmujc t¢ odlegta¢ (length between marks) LBM = 1;
- odlegta¢ srodkowych znakow zanurzenia wyréav postaci utamkav od znaku rufowego:
Lep —ALr
w=—2_

LBM
- podstawiajc odckte: 0 dla znakéw zanurzenia na rufies- dla znakow zanurzenia na
srodku oraz 1 — dla znakéw zanurzenia na dziobeyotujemy:

T =@’ +b[0 +c

T =alW +bW+c

Ter=all®>+b0 +c
Rozwigzujac ten uktad réwn@aotrzymujemy wspotczynnila, b i c:
T TKAR + W[GTKAR TKFR)
w
)

. W -
b sz [G-I-KFR T
W

C = Tkar

+ TKAR

Zanurzenia na pionach:

-AL Y ~AL
T =a L | +b LT,
KA [éLBMj EELBMJ KAR

AL, +LBM Y AL, +LBM
Te =@l —0——— | +b[———— |+T,
K [é LBM j [é LBM j KAR

Przegtbienie:
t=Tee —Tia

Dla zanurzé odnoszcych s¢ do pionow przyjmujemy LBP=2y=0,5 i wéwczas wzory na
wspotczynniki przyjm posta:

a=2[T,—4lT, +2[T;

b=400, -3~ Ty

C=Tga
Odksztatcenie kadtuba guzy pionami:

d=T _TKF +Ta
« 2

W miejsce kadej wartdci po prawej stronie tego wzoru podstawiamy jegenanie
kwadratowe:



d= a[ﬁsz +bd§+TKA_(aDc2+bD<'+TKA+a[ﬂ)+b[(D+TKA] _
2 2 2

1 2 1
théxj +2BO +T,, —aX2+bX+2[T,,
_ 2 2

12 12
—ad-—ad =-2x?
4 2 4

2

Jak wynika z kacowego rezultatu dla dtugoi wzglednej midzy pionami kiedyx'?=1):
a
d=—-= 13
. (13)

Jezeli obliczenia dotyczyty wielkéri odczytanych na znakach zanurzenia to:

4= 3 LBPY
4\ LBM

Natomiast wielké¢ odksztatcenia w obbie zbiornika wyniesie:

Y
Ad =d cﬁ LBP) (14)




