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Foreword

nal Organization for Standardization) i
standards bodies (ISO member bod

TUQTUD UUUITO (1P niTiiver wva

b a worldwide

es). The work

3.

of preparing International Standards is normally carried oyt through ISO

technical committees. Each member body_finterested in
which a technical committee has been established has t

a subject for
he right to be

represented on that committee. Intepnational organizations, govern-

mental and non-governmental, in liaison’ with 1SO, also ta
work. ISO collaborates closely with.the International El
Commission (IEC) on all matters ofelectrotechnical stand

Draft International Standards adopted by the technical cg
circulated to the memberibodies for voting. Publication
national Standard requires approval by at least 75% o
bodies casting a vote.

International Standard ISO 9091-1 was prepared by Techni

ke part in the
bctrotechnical
hrdization.

mmittees are
as an Inter-
the member

al Committee

ISO/TC 28, Petroleum products and lubricants, Sub-Committee SC 5,

Measurement ©f light hydrocarbon fluids.

ISO 9091. Consists of the following parts, under the gener
erated.[light-hydrocarbon fluids — Calibration of spher
ships:

— Part 1: Stereo-photogrammetry

— Part 2: Triangulation measurement

al title Refrig-
jcal tanks in

Annexes A, B, C, D, E and F of this part of ISO 9091 are fpr information

only.
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Large quantities of light hydrocarbons consisting of compounds having
1 to 4 carbon gtoms are stored and transported by sea as refrigerated
liquids at preqsures close to atmospheric. The liquids can be divided
into two main |[groups: liquefied natural gas (LNG) and liquefied petro-
leum gas (LPG). Bulk transportation of these liquids requires a special
technology in phip design and construction to enable shipborne trans-
portation to be| safe and economical.

Measurement [of cargo quantities in ships’ tanks for custody transfer
purposes has o be of a high order of accuracy. The two parts of this
International $tandard, together with other standards in the series,
specify methofls of internal measurement of ships’ tanks from which
tank calibratiop tables can be derived.

For internal measurement, liquid calibration, physical measurement,
optical measufement and stereo-photogrammetry are in general use.
Liquid calibratjon cannot be used for large spherical tanks designed to
operate at nepr atmospheric pressure with refrigerated\light hydro-
carbons becayse the hydrostatic pressure exerted by.the calibrating
liquid may exceed the design pressure when filled highet than a certain
level. In view of its accuracy, the last-mentioned .should be adopted as
the referee mgthod if calibration by another methed is in doubt. Stereo-
photogrammetyy consists mainly of photographing targets on the tank
wall and the apalytical processing of the photographs in the laboratory.

This part of ISQ 9091 specifically describes’the method using a universal
metric camera| for the photographing-and an analytical stereoplotter for
the analysis.
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INTERNATIONAL STANDARD

ISO 9091-1:1991(E)

Refrigerated light-hydrocarbon fluids — Calibration of

spherical tanks in ships —

Part {1:
Stergo-photogrammetry

1 Scope

1.1 This part of ISO 9091 describes a stereo-
photogrammetric procedure for the internal meas-
urementl of spherical tanks in liquefied-gas carriers.

1.2 In pddition to the actual process of measure=
ment, this part of 1ISO 9091 also sets out the calcu-
lation procedures for compiling the calibration
tables.

2 Nommative references

The follpwing standards contaih_provisions which,
through |reference in this text, constitute provisions
of this part of ISO 9091. At-the time of publication,
the editipns indicated were valid. All standards are
subject fo revision, and\parties to agreements based
on this part of ISO9091 are encouraged to investi-
gate the| possibilityyof applying the most recent edi-
tions of the standards indicated below. Members of
IEC and| IS© \maintain registers of currently valid
Internatipnal Standards.

3.1 absolute orientation: The proce
correction of the stereoscopic mode
inner and relative orientations, in whic
the stereoscopic model is converted
length and the inclination of the mod
to“the actual condition of the tank.

3.2 calibration: The process of det
total capacity or partial capacities of
sponding to different levels.

3.3 calibration table (main gauge ta
often referred to as a tank table or a

corresponding to various liquid lev

Hure of final
s formed by
h the scale in
to the actual
bl is adjusted

ermining the
a tank corre-

ple): A table,
tank capacity

Is measured

table, showing the capacities of or vol%mes in a tank

from the gauge reference point, with t
even keel and upright.

3.4 datum point: The south pole to w
table is referred.

e ship on an

hich the tank

h affects the

3.5 deadwood: Any tank fitting whic
capacity of a tank. Deadwood is r

erred to as

“positive deadwood” when the capacity of the fitting
adds to the effective capacity of the tapk, or “nega-
tive deadwood” when the volume of the fitting dis-

ISO 7078:1985, Building construction — Procedures
for setting out, measurement and surveying — Vo-
cabulary and guidance notes.

1SO 8311:1989, Refrigerated light hydrocarbon fluids

— Calibration of membrane tanks and independent
prismalic tanks in ships — Physical measurement.

3 Definitions

For the purposes of this part of ISO 3091, the follow-
ing definitions apply.

places liquid and reduces the effective

capacity.

3.6 equator: The largest horizontal circumference

of a spherical shell.

3.7 floating mark: A mark seemingly occupying a
position in the three-dimensional space formed by
stereoscopic fusion of a pair of photographs and
used as a reference mark in examining or measur-
ing the stereoscopic model.

3.8 gauge reference point: The point from which the
liquid depths are measured.
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NOTE 1  In spherical tanks, this point may be either the
zero of the level gauge or the south pole of the tank.

3.9 inner orientation: The process of determining,
mathematically, the interior perspective of the pho-
tographs at the time of exposure in an analytical
stereoplotter. The calibrated focal length, the lo-
cation of the calibrated principal point and the cali-
brated lens distortion are the principal factors used
in the calculation.

3.10 list: Transverse inclination of a ship.

3.11 north pole: The zenith, or highest point, of a
spherical tank] shell (an imaginary point in most
spherical tanKs due to the pipe tower or other
appurtenance

3.12 pipe towpr: A large-diameter pipe coaxial with
the tank’s nofth-south axis, containing pipes for

loading and ¢
tion, the laddg
designed to pr

ischarging, measuring instrumenta-
r, wiring and other in-tank facilities
Dtect them from the effect of sloshing

of the tank contents.

4.1 Utmost care and attention shall be exercised
in taking measurements and during photographing,
and any unusual occurrence during the measure-
ment or photographing which might affect the re-
sults obtained shall be recorded. The calibration
method described in this part of ISO 9091 may be
applied to ships whether afloat or in a dry dock.
However, its use in a dry dock may be preferable,
because trim or list, if any, will remain the same
throughout the measurement. Keep trim and list of
the ship unchanged while an optical level or any

4.2 If any unusual distortions are found-in the tank
shell, additional measurements shall- be taken to
obtain sufficient data for correctihcalculation| in the
calibration table, and the calibrator’s notes shall be
provided in connection withOsuch extra measure-
ments.

4.3 Measurements(Cshall be taken in dyplicate
without interruption, and if they do not agred within
the following A0lerances, measurements shall be
continued untih two consecutive readings in dupli-

3.13 port: The left-hand side of a ship facing for-
ward.

3.14 relative ¢rientation: The process of determin-

cate agree.within the specified tolerance:

ing the relativ
overlapping ph
to create a ste

3.15 south pd
spherical shell

e position and attitude of a pair of
otographs by mathematical analysis
Feoscopic model.

le: The nadir, or lowest point, of a

3.16 starboard: The right-hand side of a ship. facing

forward.

3.17 stereosc
formed by inte
overlapping ph

3.18 stereosc
graphs of an

bpic model: Three-dintensional model
I'secting homologous-rays of a pair of
otographs.

bpic photograph: A set of photo-
bbject taken from two different pos-

itions so that they may.form a stereoscopic model

of the object
dimensional sf

depicting it as if it were in three-
ace.

Measurement Tolerance
up'to 20 m +2 mm
over 20 m +3 mm
for offset +0,5 mm

4.4 The reference scale shall have a damp|ng de-
vice at its bottom and shall not be touched| whilst
taking photographs.

4.5 The paint used to mark the targets shall be
manufactured from materials which are residtant to
liquids at cryogenic temperatures.

4.6 When measurements are made with a|meas-
uring tape, the tension specified in the tape cali-
bration certificate shall be applied.

3.19 targets: Predetermined positions distinctively
marked on the inside surface of the tank for the

stereo-photogr

ammetry.

3.20 trim: Longitudinal inclination of a ship.

4 Precautions

This clause outlines the precautions to be taken
during measurement in order to ensure that the re-
quired calibration precision is obtained.

4.7 Measurements in the analytical instrument
shall be independently taken twice to check whether
they agree within 0,01 mm on the scale of a negative
or positive film and, if they do not agree, measure-
ments shall be continued until two consecutive
readings agree within 0,01 mm.

4.8 The targets shall be photographed when the
tank is isothermal, either after dark or after the tank
has been insulated.
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5 Equipment

5.1 Analytical stereoplotter

A computerized instrument used to measure the
coordinates of the targets in the photographs. It
shall be capable of determining or distinguishing the
position of each target by means of a three-
dimensional coordinate system.

1SO 9091-1:1991(E)

5.8 Remote thermometer

A thermometer used to measure the atmospheric
temperature in the vicinity of the reference scale
with an accuracy of +0,5 °C in order to correct er-

rors due to expansion or contraction o

5.9 Steel rule

The rule, to be used to measure cle
shall be graduated in millimetres. T

f the scale.

arances, etc.,
he rule shall

5.2 Cdmera platform

A platfofm having an area large enough to accom-
modate [the photographer and a tripod for the cam-
era and|provided with adequate guard rails. It shall
be moynted on a support structure of suitable
strength| and long enough to enable the camera to

be installed at each photographing position. It shall
be capaple of being located at 360° around the pipe
tower af one end, and along the tank wall at the

other end.

5.3 End-to-end rule

A rule, graduated in centimetres and millimetres, to
be used to measure deadwood, etc. The rule shall
bear theg identification of a recognized standardizing
authority or a certificate of identification.

5.4 Measuring tape

A tape |bearing the identification of a (recognized
standardizing authority or a certificate ‘of identifica-
tion.

5.5 Metric camera

A camdra used for stéreo-photogrammetry, cali-
brated {n respect of.‘principal distance, distortion
and prirjcipal-point.location, with clear and distinc-
tive fidufrial-mark™separation.

5.6 O;rtical level

bear the identification of a recognized
authority or a certificate of identificatio

5.10 Surface thermometer

A thermometer used toomeasure the t
the surface of the tank-with an accura
in order to convert.the coordinates of
the temperaturenat the time of me
those at the certified reference temper

6 Preparation

641 Marking of targets

6.1.1 Each target shall consist of a
uring 100 mm x 120 mm, painted blad
distinguishing number, leaving a circlg
ameter with a cross at its centre. The
mark the targets shall be manufactu
terial resistant to hydrocarbon liquids
temperatures.

6.1.2 During construction of the tank
the installation of the pipe tower, tan

standardizing
n.

mperature of
y of +0,5 °C
the targets at
Asurement to
ature.

square meas-
k and with a
of 20 mm di-
paint used to
red from ma-
at cryogenic

and prior to
gets shall be

marked on the inside surface of the

tank shell at

each intersection of longitude and latitude at 20° in-

tervals starting from the equator. The

arking error

shall be less than 10 mm in both vertjcal and hori-

zontal directions.

6.2 Setting of reference scale

An optical level having an erect image, a magni-
fication of x 20 or greater, capable of being focussed
to 1,5 m or less and with a spirit level sensitivity of
40 s per 2 mm or better.

5.7 Reference scale

A steel scale with a plumb bob at its bottom and
marked at several points to identify specified
lengths. This is used to denote the reference length
by which all photographic dimensions obtainable in
the photogrammetric instrument are scaled to the
actual lengths.

Suspend a reference scale, with a specified tension
and marked at regular intervals, outside the pipe

tower.

6.3 Setting of camera platform

See 5.2.

6.4 Fitting of thermometers

Set a thermometer around the pipe
thermometer fixed on the tank wall.

tower and a
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7 Photographing

Take, across the centre of the tank, successive
stereo pairs of photographs of the entire interior

bulldbc UVUlldpplllg Udbll Ulllt}l dl lEdbl ouU Yo, WHEII
the tank is in an isothermal condition.

8 Additionai measuremenis

8.1 Temperature

H—h+ Ah

Other measurement and calculation methods may
also be used to obtain the vertical diameter.

8.6 Deadwood

8.61 The volum
submerged pumps and any other structures in the
tank shall be calculated from their dimensions, or

any other suitable means of assessing their vol-

h ladA =
f deadwood such as ladders,

(1)
Q

Take the temllerature around the reference scale
with a remote [thermometer, and take the tempera-
ture of the ins{de surface of the tank with a surface
thermometer during the photographing operation.

8.2 Height of gauge reference point

If the gauge reference point and the datum point
differ, measure the height of the gauge reference
point from the|datum point (south pole) of the tank
by means of an optical level or any other levelling
device.

8.3 Location of level gauge

For trim and ligt corrections, measure the horizontal
deviations of tfhe level gauge on the tank bottom
from the verticg@l axis connecting the south and north
poles.

8.4 Depth of

south pole

Measure the drrpth of the south pole from a_nearby

target by setti
the ship is laur

8.5 Vertical

If the tank has
measure the d
poles with a st

In the case of
has only the g

g a level on the tank bottom\before
ched.

Hiameter

a dome with{ a8 built-in north pole,
stance between the north and south
bel tape.

b domenthat lacks the north pole and
ating top floor of the pipe tower, set

an optical leve

by standing a theodolite in the mid-

umes.

8.6.2 The volume of internal piping~containing

ro h
carge fluid shall be calculated as the differetffce be-

tween the internal and external volumes of the pip-
ing, i.e. the volume of the metal.

8.6.3 The volume of the (déadwood shall be| calcu-
lated at the respective~heights where pipg¢s and
other fittings are present.

9 Processing of photographs

Develop therfilm used for photographing in |the vi-
cinity of>the work site in order to ensure that the
photographs are satisfactory and, if they arelnot, to
allow repeat photography. The developmenit shall
hescarried out with extreme care in order tq avoid
causing local expansion or contraction of thelfilm.

10 Determination of coordinates

Determine the coordinates of the targets pn the
surface of the walls for each pair of steredscopic
photographs in accordance with the followirlg pro-
cedure:

10.1 Set the stereoscopic photographs on the an-
alytical stereoplotter.

10.2 Put the floating marks on the fiducial marks,
targets and necessary points and record the ¢oordi-
nates of these points.

dle of the above-mentioned floor, above the imagin-
ary north pole, and measure with a steel tape the
distance H between the above-mentioned optical
level and the south pole.

Then measure the height 4 of the optical level from
the bottom edge of the dome along the coaming of
the dome and calculate the imaginary height Ah of
the north pole from the above-mentioned edge by
means of the curvature of the tank, which is obtain-
able from the design value of the vertical diameter.

The vertical diameter between the north and south
poles is given by the formula

10.3 Process the measured coordinates from 10.2
through a series of photogrammetric programmes
consisting of inner orientation, relative orientation
and absolute orientation, using an on-line computer
system to produce three-dimensional coordinates
of the observed points. In the last-mentioned orien-
tation, the stereoscopic models are completed.

10.4 The computed coordinates shali finally be
scaled by application of an average scale factor,
computed from comparison of thermally corrected
actual distances with computed distances between
the marks on the reference scale.
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10.5 The accuracy of the analytical stereoplotter
shall be verified by one of the following methods:

— using test data with known solutions;

— plotting known coordinates from a set of pre-
pared photographs;

— cross-correlating with other equipment.

1SO 9091-1:1991(E)

12.4 List correction

List corrections shall be given as an addition to or
subtraction from the apparent liquid level measured
by the tank gauge. List corrections are calculated
by comparison of the liquid levels given by the same
volume of liquid in the tank with the ship on even
keel and upright and with the ship listed and on even
keel for the list condition under consideration.

12.5 Combined trim and list correction

Calculatp each level’s radius using the coordinates
of the tdrgets on each level and obtain the average
radius qf the best-fit circle of each level by the
least-sq@iare method. The average radii obtained as
above apd their level heights are converted to those
at the reference temperature at which calibration
tables afe certified, calculated from the certified co-
efficient jof linear expansion of the tank material.

12 Calculation procedure

12.1 Clalculation of tank volume

Comput¢ the fractional volume of the space encir-
cled by p spherical band between the two adjoining
levels cpmprising the targets marked on the tank
surface [by using the radii of the respective levels;
and obtain the total volume of the spherical tahk-at
the certified reference temperature of the calibration
table byl adding up the above-mentioned-fractional
volumed. The fractional volumes for the‘remainder
of the tdnk, below the lowest targets ‘and above the
highest targets, are calculated fromythe data of the
appropriate sub-divided level obtajned in 10.3. Then
the volymes at one-centimetre. intervals, starting
from thg south pole, the voluie of deadwood being
deductefl, are also obtained by computation to
compile|a main gauge<table.

12.2 (alculation’ of liquid head

Calculatle the volume of the tank in the loaded con-
dition with_the contents of the designated density,

The trim and list corrections compiled iL accordance
with 12.3 and 12.4 may be combined inl one table.

12.6 Correction for tank shell exppnsion or
contraction
Corrections for the-tank shell exparfsion or con-
traction due todhetemperature in the |oaded condi-
tion deviating(from the reference temperature at
which the tank table was certified shall be made by
means of'the coefficient of expansion df the material
of thestank shell.

NOTE 2 The coefficient of expansion is npt constant, but
varies with temperature.

13 Calibration tables

Calibration tables shall consist of the|following re-
port and tables:

13.1 Calibration report

A tank calibration report shall include|the following
items:

a) name of the calibrator;
b) place of calibration;
c) date of calibration;

d) tank configuration;

then compare it with that of the empty condition.
Deal with the difference in volume as deadwood.

12.3 Trim correction

Trim corrections shall be given as an addition to or
subtraction from the apparent liquid level measured
by the tank gauge. Trim corrections are calculated
by comparison of the liquid levels given by the same
volume of liquid in the tank with the ship upright and
on even keel and with the ship in trimmed condition
and upright for the condition of trim under consider-
ation.

e) measurement method applied;
f) reference temperature of the tank table;

g) average temperature of the tank during meas-
urement;

h) total capacity of the tank including dome capac-
ity

i) description of the deadwood,;

j) tank calibration accuracy;
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k) method of use of the main gauge table and the
correction tabies;

1) any other information.

13.2 Main gauge table

The tank volume at the calibration reference tem-
perature is tabulated against the gauge readings at
suitable intervals, and for ease of interpolation a
second column shall give the differences between

the readings. An-example-of-atypicaliormatiorthe

ence temperature and the actual temperature at
which the volume of the contents is measured are
tabulated at intervals of 0,1 °C for a range of tem-
peratures on either side of the reference tempera-
ture. An example of a typical format for a tank shell
expansion or contraction correction table is given in
annex F.

gauge table is|given in annex C.

13.3 Trim correction table

The correctionp to be applied to gauge readings are
tabulated at sdiitable intervals of gauge reading for
various conditipns of irim boih by head and by stern.
An example ofl a typical format for a trim correction
table is given {n annex D.

13.4 List correction table

The correctionp to be applied to gauge readings are
tabulated at syitable intervals of gauge reading for
conditions of l|st at 0,5° intervals. An example of a
typical format [for a list correction table is given in
annex E.

13.5 Correction table for tank shell expansion
or contraction

Correction fadtors to be applied to the indicated
volume of the |[tank contents to compensate for-the
volume chang¢ of the tank shell between the refer-

Correction factor I\, =1 — 3a{{; — &)
where

oy is the mean coefficient of linear expan-
sion of the metal from which the |tank is
constructed;

4 is the certified reference tempergture of
the tank table;

ly is the arbitrary temperature of the liquid

Or vapour.

13.6 Correction for float-type level gauges

13.6.1 Correctiondable for difference in
temperature

Gauge-reading correction due to expansiop of a
tape which is calibrated at certified temperature
shall.be made by means of the temperaturg in the
vapQur phase of the tank.

13.6.2 Correction table for difference in dengity

A float shall be adjusted with the reference density.
For different densities, e.g. those of differenf LNGs
or propane and butane, float immersion shall be
corrected.
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Annex A
(informative)

Safety precautions

In addition to the general precautions (see a) suitable footwear with non-slip soles should be
ISO 75074=1y Tequited for the ordinary tank cati- WOTTT OnT SHppery tank surfaces;
bration, the following should also be observed:

b) a mercury thermometer shodld~ngt be used in
an aluminium tank.
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Annex B
(informative)

Calibration accuracy

In the case of a spherical tank with a diameter of
36,5 m and capaeiy-of25-008-m3—Ffor-mstance—whieh
is widely used, calibration accuracy will be as fol-
lows, assumin
volumetric ba

a)

b)

(H{|B) =7 and picture format 130 mm x 180 mm,

wibhieh1 loraa ancoiich

that the tolerance is +0,25 % on a
is:

Accuracy of radius:
(R+ AR)® - R®
3 x 100 = 0,25
R
Neglecting (AR)2 and (AR)3 terms, this reduces
to
0,0025R

AR =

Substituting
AR =1

Accuracy o

3
R = 18,25 m, then gives

5 mm

f coordinates:

Assuming that the focal length of the camera is

/. the dista
of the bas
horizontal

hce to the object is [{ and the length
bline is B, the accuracy dXY in.the
blane and the accuracy 6Z in depth

can be obtgined from the equations below.

c) Accuracy of stereo-photogrammetry:

d) Accuracy of instruments used:

o ry oo ! to-covar thao nnl:ve S r-
which—s—targe—enovgh—to—ecover—the—ent ur-

face, is used:

6P = 11 pum

imtob um

emulsion grain 3 pm

Photographic

accuracy:
Machinery ac- lens“\distortion 3pmtop um
curacy:
mechanical 3umtop pm
accuracy
Measurement dpumtop pm
accuracy,
Total 6 pm to 10 pm

(Vtotal of squares )

1) Camera

Focal length: graduated in

6XY=-£}-’—><8P 1/100 mm
Principal-point location: graduated in
82=£—xi1—x8P 1/100 mm
A1 B Distortion: graduated in
. . 1/1000 mm
Calculating|the radius _R{from the measured co- . . _ .
ordinates and taking~3R = 15 mm [see item a) Fiducial-mark separation: graduated in
above], thq coordinate accuracy 8P can be ob- 1/1000 mm
tained from| the foHowing equation: Resolution: more than 50
5p— R x SR . ' lines/mm
= Pictoresize: targerthanm <100 to

L(X’Jr Y)—7+ 2" x—x

H Hy_J
f S B

120) mm x 160 mm

2) Analytical stereoplotter

where X', Y’ and Z’' are the coordinates of the
object, with the centre of the spherical tank as
origin.

In the case of the farthest point,
X' =Y =27'"=10m. Assuming that /=100 mm,

Least count
Quoted accuracy

1/1000 mm
2/1000 mm
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Annex C
(informative)

Example of main gauge table at —160 °C

ISO 9091-1:1991(E)

Gauge Volume Difference Gauge Volume Difference Gauge Volume Difference
cm m° m> T e T aa] Al m3
0-00 0,000 0,005 0-50 14,345 0,577 1-00 56,864 1,140
01 0,005 0,018 51 14,922 0,588 01 58,004 1,150
02 0,023 0,029 52 15,510 0,599 02 59,154 1,161
03 0,052 0,040 53 16,109 0,611 03 60,315 1,172
04 0,092 0,052 54 16,720 0,622 04 61,487 1,183
05 0,144 0,064 55 17,342 0,633 05 62,670 1,193
06 0,208 0,075 56 17,975 0,644 06 63,863 1,204
o7 0,283 0,087 57 18,619 0,656 07 65,067 1,215
08 0,370 0,098 58 19,275 0,667 08 66,282 1,225
09 0,468 0,109 59 19,942 0,678 09 67,507 1,236
0-10 0,577 0,122 0-60 20,620 0,689 1-10 68,743 1,247
1 0,699 0,132 61 21,309 0,700 11 69,990 1,258
12 0,831 0,145 62 22,009 0,742 12 71,248 1,268
13 0,976 0,156 63 22,721 0,723 13 72,516 1,279
14 1,132 0,167 64 23,444 0,734 14 73,795 1,289
15 1,299 0,179 65 24,178 0,745 15 75,084 1,300
16 1,478 0,190 66 24,923 0,756 16 76,384 1,311
17 1,668 0,201 67 25,679 0,768 17 77,695 1,322
18 1,869 0,214 68 26,447 0,778 18 79,017 1,332
19 2,083 0,224 69 27,225 0,790 19 80,349 1,342
0-20 2,307 0,236 0-70 28,015 0,801 1-20 81,691 1,354
21 2,543 0,248 71 28,816 0,812 21 83,045 1,364
22 2,791 0,259 72 29,628 0,823 22 84,409 1,374
23 3,050 0,270 73 30,451 0,835 23 85,783 1,386
24 3,320 0,282 74 31,286 0,845 24 87,169 1,395
25 3,602 0,293 75 32,131 0,857 25 88,564 1,407
26 3,895 0,305 76 32,988 0,867 26 89,971 1,417
27 4,200 0,316 77 33,855 0,879 27 91,388 1,427
28 4,516 0,328 78 34,734 0,890 28 92,815 1,439
29 4,844 0,339 79 35,624 0,901 29 94,254 1,448
0-30 5,183 0,350 0-80 36,525 0,912 1-30 95,702 1,460
31 5,533 0,362 81 37,437 0,923 31 97,162 1,469
32 5,895 0,373 82 38,360 0,934 32 98,631 1,481
33 6,268 0,384 83 39,294 0,946 33 100,112 1,491
34 6,652 0,396 84 40,240 0,956 34 101,603 1,501
35 7,048 0,407 85 41,196 0,967 35 103,104 1,512
36 7,455 0,419 86 42,163 0,979 36 104,616 1,523
37 7,874 0,429 87 43,142 0,989 37 106,139 1,533
38 8,303 0,442 88 44131 1,001 38 107,672 1,543
39 8,745 0,452 89 45132 1,011 39 109,215 1,555
0-40 9,197 0,464 0-90 46,143 1,023 1-40 110,770 1,564
41 9,661 0,475 91 47,166 1,033 41 112,334 1,575
42 10,136 0,487 92 48,199 1,045 42 113,909 1,586
43 10,623 0,498 93 49,244 1,055 43 115,495 1,596
44 11,121 0,509 94 50,299 1,067 44 117,091 1,606
45 11,630 0,520 95 51,366 1,077 45 118,697 1,617
46 12,150 0,532 96 52,443 1,089 46 120,314 1,628
47 12,682 0,543 97 53,532 1,098 47 121,942 1,638
48 13,225 0,554 98 54,631 1,11 48 123,580 1,648
49 13,779 0,566 99 55,742 1,122 49 125,228 1,659
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Annex D
(informative)

Example of trim correction table

by head
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Annex E
(informative)

Example of list correction table

UP/R = upright

Giuge Gauge correction in millimetres
m List to port UP/R List to starboard
3,0° 2,5° 2,0° 1,5° 1,0° 0,5° 0,0° 0,5° 1,0° 1,5° 2,0° 2,5° 3,0°
50 -5 -7 -8 —8 -7 —4 0 5 12 20 29 39 51
100 -5 -7 -8 —8 -7 —4 0 5 12 19 28 39 50
150 —6 —8 -9 —8 -7 —4 0 5 12 19 28 38 50
200 -7 —8 -9 -9 -7 —4 0 5 12 19 28 38 49
350 -7 -9 -9 -9 -7 —4 0 5 12 19 28 37 48
300 —8 -9 —10 -9 -7 —4 0 5 M 19 27 37 47
350 -9 —10 —10 -9 -7 —4 0 5 1 19 27 36 47
400 -9 -10 —10 -9 -7 —4 0 5 11 18 27 36 46
450 —-10 -1 —11 -9 -7 —4 0 5 11 18 26 35 45
300 -1 -1 -1 —10 -7 —4 0 5 11 18 26 35 45
350 -1 —12 -1 —10 -7 —4 0 5 11 18 26 34 44
600 —12 —-12 —-12 —-10 —8 —4 0 5 1M 18 25 34 43
100 —13 —-13 —-12 —10 -8 —4 0 5 11 17 25 33 42
00 —-15 —14 —-13 -1 —8 —4 0 5 11 17 24 32 41
900 —16 -15 -13 -1 —8 =4 0 5 " 17 24 31 39
1|000 —18 —16 —14 -1 —8 —4 0 5 10 16 23 30 38
1[100 —-19 —17 —15 —12 —8 —4 0 5 10 16 22 29 37
11200 —20 —18 —-15 —12 =8 —4 0 5 10 16 22 28 35
1|300 —22 —-19 —16 —12 —9 —4 0 5 10 15 21 27 34
1|400 —-23 —-20 —16 —-13 -9 —4 0 5 10 15 21 26 32
11500 —24 —21 -17 —\N3 -9 -5 0 5 10 15 20 25 31
1|600 —26 —22 —18 13 -9 -5 0 5 9 14 19 24 30
11700 —27 —-23 —-18 —14 -9 -5 0 5 9 14 19 24 28
1/800 —29 —24 -39 —14 -9 -5 0 5 9 14 18 23 27
1|900 —30 —25 —)19 —14 -9 -5 0 5 9 13 18 22 26
2(000 —-31 —26 =20 —15 -10 -5 0 5 9 13 17 21 24
2|100 —33 —27 —21 —15 —-10 -5 0 4 9 13 16 20 23
2|200 —34 —\27 —-21 —-15 —10 -5 0 4 9 12 16 19 21
2[300 —35 =28 —22 —16 —-10 -5 0 4 8 12 15 18 20
2|400 =37 —-29 —23 —16 —10 -5 0 4 8 12 14 17 19
2|500 ~38 —30 —-23 —16 —-10 -5 0 4 8 1" 14 16 17
2|600 =40 —31 —24 -17 -1 -5 0 4 8 11 13 15 16
2|700 —41 —32 —24 —17 -1 -5 0 4 8 11 13 14 15
2|800 —42 —-33 —-25 —18 -1 -5 0 4 8 10 12 13 13
2|900 —44 —34 —26 —-18 -1 -5 0 4 7 10 11 12 12
2{950 —44 —35 —26 —-18 -1 -5 0 4 7 10 11 12 1
3000 —45 —35 —26 —18 —11 =5 0 7 7 TO Tt 1 10
3050 — 46 —36 —26 —18 -1 -5 0 4 7 9 11 11 10
3100 —46 —36 —27 —19 -1 -5 0 4 7 9 10 10 ]
3150 — 47 —-37 —-27 —-19 -1 -5 0 4 7 9 10 10 8
3200 —48 —37 —-27 -19 -1 -5 0 4 7 9 10 9 8
3250 —48 —37 —28 —-19 —12 -5 0 4 7 9 9 9 7
3300 —49 —38 —28 —-19 —12 -5 0 4 7 9 9 8 6
3350 —50 —38 —28 —-19 —-12 -5 0 4 7 8 9 8 6
3400 —50 —39 —29 —20 —12 -5 0 4 7 8 8 7 5
3450 -51 -39 —29 —20 —12 -5 0 4 7 8 8 7 4

1"
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ISO 9091-1:1991(E)

Annex F
(informative)

Example of correction table for tank shell expansion or contraction

Temp. Corrn. factor Temp. Corrn. factor Temp. Corrn. factor Temp. Corrn. factor
°C e e >
—165,0 0,999 81 —161,0 0,999 96 —157,0 1,00013 —153,0 1,000 31
—164,9 0,999 82 —160,9 0,999 97 —156,9 1,000 14 —1529 1,000 32
—164,8 0,999 82 —160,8 0,999 97 —156,8 1,000 14 —152,8 1,000 32
—164,7 0,999 83 —160,7 0,999 97 —156,7 1,000 15 —152,7 1,400 33
—164,6 0,999 83 —160,6 0,999 98 —156,6 1,000 15 —152,6 1,000 33
—164,5 0,999 83 —160,5 0,999 98 —156,5 1,000 16 »152,5 1,000 33
—164,4 0,999 84 —160,4 0,999 99 —156,4 1,000 16 =152,4 1,000 34
—164,3 0,999 84 —160,3 0,999 99 —156,3 1,000 16 —152,3 1,000 34
—164,2 0,999 84 —160,2 0,999 99 —156,2 1,000 17 —-1522 1,000 35
— 1641 0,999 85 —160,1 1,000 00 —156,1 1,00017 — 1521 1,000 35
—164,0 0,999 85 —160,0 1,000 00 —156,0 1,000 18 —152,0 1,0p0 36
—163,9 0,999 85 —159,9 1,000 00 —1559 4,000 18 —151,9 1,0p0 36
—163,8 0,999 86 —159,8 1,000 01 —155.8 1,000 19 —151,8 1,0p0 36
—163,7 0,999 86 —159,7 1,000 01 —155,7 1,000 19 —151,7 1,0p0 37
—163,6 0,999 87 —159,6 1,000 02 — 1556 1,000 20 —151,6 1,0p0 37
—163,5 0,999 87 —159,5 1,000 02 —155(5 1,000 20 —151,5 1,0p0 38
—163,4 0,999 87 —159,4 1,000 03 — 1554 1,00020 —151,4 1,0p0 38
—-163,3 0,999 88 —159,3 1,00003 =553 1,000 21 —-151,3 1,0p0 39
—163,2 0,999 88 —159,2 1,000 04 =+ 1552 1,000 21 —151,2 1,0p0 39
—163,1 0,999 88 —159,1 1,000 04 — 1551 1,000 22 —151,1 1,0p0 40
—163,0 0,999 89 —159,0 1,000 04 —155,0 1,000 22 —151,0 1,0p0 40
—162,9 0,999 89 —158,9 1,000,05 —154,9 1,000 23 —150,9 1,0p0 40
—162,8 0,999 90 —158,8 1,00005 —154.8 1,00023 -150,8 1,0p0 41
—162,7 0,999 90 —158,7 1,000 06 —154,7 1,000 24 —150,7 1,0p0 41
—162,6 0,999 90 —158,6 1,000 06 —154,6 1,000 24 —150,6 1,0p0 42
—162,5 0,999 91 —158,5 1,000 07 — 1545 1,000 24 —150,5 1,0p0 42
—162,4 0,999 91 —158,4 1,000 07 —154,4 1,000 25 —150,4 1,000 43
—162,3 0,999 91 — 15873 1,000 08 —1543 1,000 25 —150,3 1,00 43
—162,2 0,999 92 —158.2 1,000 08 —154,2 1,000 26 —150,2 1,0P0 44
- 162, 0,999 92 ~1581 1,000 08 — 1541 1,000 26 —150,1 1,000 44
—162,0 0,999 93 —158,0 1,000 09 —154,0 1,00027 —150,0 1,0p0 44
—-161,9 0,999 93 —157,9 1,000 09 —1539 1,000 27 —149,9 1,000 45
—161,8 0,99993 —157,8 1,000 10 —153.8 1,000 28 —149,8 1,000 45
—-161,7 0,999:94 —157,7 1,00010 —153,7 1,000 28 — 1497 1,000 46
—161,6 0,99994 —157,6 1,000 11 —153,6 1,000 28 — 1496 1,000 46
—161,5 0,899 94 —157,5 1,000 11 —153,5 1,000 29 —149,5 1,000 47
—161,4 0,999 95 —1574 1,000 12 — 1534 1,000 29 —149.4 1,000 47
—161,3 0,999 95 —157,3 1,000 12 —1533 1,000 30 —149.3 1,000 48
—161,2 0,999 96 —157,2 1,000 12 —153,2 1,000 30 —149,2 1,000 48
—161,1 0,999 96 —157,1 1,00013 —153.1 1,000 31 — 1491 1,000 48
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