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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proced e ) d e are
described in the ISO/IEC Dlrectlves Part 1. In partlcular the dlfferent approval crlterla needed fpr the
different types of ISO documents should be noted. This document was drafted in accordanee with the

4. ISO shall not be held responsible for identifying any or all such patentirights. Details of
ights identified during the development of the document will be in the Introduction and/or
on the ISO ligt of patent declarations received. www.iso.org/patents

Any trade ngdme used in this document is information given for the convéniénce of users and do¢s not
constitute ar} endorsement.

For an explanation on the meaning of ISO specific terms and-expressions related to conformity
assessment, fis well as information about ISO’s adherence to the WTO principles in the Technical Bafriers
to Trade (TBJI') see the following URL: Foreword - Supplementary information

The committeeresponsible forthisdocumentisISO/TC 28, Petroleum products and lubricants, Subcomrhittee
SC 5, Measurgment of refrigerated hydrocarbon and non-petroleum based liquefied gaseous fuels.

This second edition cancelsand replaces the first editiorn (ISO 8311:1989), which has been technically rejvised.
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Introduction

Large quantities of light hydrocarbons consisting of compounds having one to four carbon atoms are
stored and transported by sea as refrigerated liquids at pressures close to atmospheric. These liquids
can be divided into two main groups, liquefied natural gas (LNG) and liquefied petroleum gas (LPG).
Bulk transportation of these liquids requires special technology in ship design and construction to
enable ship-borne transportation to be safe and economical.

Quantification of these cargoes in ships’ tanks for custody transfer purposes has to be of a high order of
accuracy. This International Standard (together with others in the group) specifies methods of internal

measrmmmwmmmmwmm—
This International Standard covers calibration techniques applicable to membrane type tanks, i.e. self-

suppgrting independent tanks in which the containment system comprises a relatively thjn membrane
of either stainless steel or high-nickel steel alloy. This International Standard, with-some modification,
can also be applicable to the calibration of independent prismatic tanks.

Annek A gives uncertainty associated with the measurement of membrané tanks.

Annex B gives an example of a tank capacity table relating partial filling volume as a funcftion of liquid
level and Annexes C and D give examples of trim correction and list cetrrection tables, resplectively.

© IS0 2013 - All rights reserved v
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INTERNATIONAL STANDARD

ISO 8311:2013(E)

Refrigerated hydrocarbon and non-petroleum based
liquefied gaseous fuels — Calibration of membrane tanks
and independent prismatic tanks in ships — Manual and
internal electro-optical distance-ranging methods

1

This International Standard specifies a method for the internal measurement of meribran

in shi
meas
tables
modi

For th
the sd

the internal electro-optical distance-ranging (EODR) method, othef.safe means of access to

meas

2 N
The fi

indispensable for its application. For dated reférences, only the edition cited applies.

referg

ISO 7
Part 1

ISO 7
Part 4

[EC6
IEC6
IEC6

3 7

For th

ope

s for the transport of refrigerated light hydrocarbon fluids. In addition to, the’actu

to be used for the computation of cargo quantities. This International Standar
ication, can also be applicable to the calibration of independent prismatic tanks.

affolding used for the installation of the membranes to suppoertthe measuring equip

iring positions are intended to be used.

ormative references

bllowing documents, in whole or in part, arevhormatively referenced in this docuy

nces, the latest edition of the referenced-document (including any amendments) app

b07-1:2003, Petroleum and liquid petroleum products — Calibration of vertical cylindi
: Strapping method

07-4:2010, Petroleum and liquid petroleum products — Calibration of vertical cylind]
: Internal electro-optical distance-ranging method

D079-10-1, Explosive dtmospheres — Part 10-1: Classification of areas — Explosive gas (
079-10-2, Explosive atmospheres — Part 10-2: Classification of areas — Combustible dust

D825-1, Safety of laser products — Part 1: Equipment classification and requirements

erms-and definitions

e purposes of this document, the following terms and definitions apply.

e tanks used
al process of

irement, it sets out the calculation procedures for compiling the tank capaditytable apd correction

|, with some

e manual measurement of membrane tanks, the procedures of thisTnternational Stajndard utilize

ment but, for
the required

nent and are
For undated
ies.

rical tanks —

rical tanks —

itmospheres

atmospheres

31

automatic tank gauge

ATG

automatic level gauge

ALG

instrument that continuously measures liquid height (dip or ullage) in storage tanks

3.2

chamfer

slanti

ng surface connecting the walls of a tank with its top or bottom surface
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3.3
deadwood

any tank fitting that affects the capacity of a tank

3.4

gauge reference point
point from which the liquid depth are measured

3.5

horizontal plane
any plane established parallel to the tank bottom

3.6
horizontal 1
any horizont

Note 1 to entr
itis considere

3.7
list
transverse i

Note 1 to entr]

3.8
longitudina

line formed byy a longitudinal plane crossing a horizontal plane

3.9
longitudina
vertical plan

3.10

measuring point

one of a serie
tape or a han
angles and h

3.11
port
left-hand sid

3.12
reference td
fixed point c

eference line
al line established by a string

y: A calibration method using this line is adopted as an alternative to direct measurements,
d impractical to take direct measurements.

iclination of a ship

y: It is expressed in degrees.

| line

| plane
e running parallel to the centreline of the'tank

5 of points on the inside surface of the tank shell from/to which the distance is measure
d-held laser distance metet in'case of manual method, or to which the slope distance, ve
prizontal angles are measiired by use of the electro-optical distance-ranging instrumg

b of a ship faeing/forward

rget point
early'marked on the inside surface to the tank shell or a prism mounted on a tripod

where

d by a
rtical
rnt

3.13
section line

line formed by a section plane crossing a horizontal plane

3.14

section plane
plane parallel with the fore and aft end walls of a ship’s tank

3.15

slope distance
distance measured from the electro-optical distance-ranging instrument to any measuring point or a
reference target point
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starboard

right-
3.17

hand side of a ship facing forward

tank-calibration reference temperature
temperature at which the calibration of a tank has been calculated

3.18
tank

capacity table

tank table
calibration table

capad
table
from

3.19
trim
differ

Note 1
stern.

3.20
uncel

uQ

estim|
Note ]

3.21

verti
line f
aft en

4 P

4.1
This

be ex
might

4.2

ity table
showing the capacities of, or volumes in, a tank corresponding to various liquid. [ev¢
h reference point

ence between the fore and aft draught of the vessel

to entry: When the aft draught is greater than the forward draught, the vessel is said to be t
When the aft draught is less than the forward draught, the vesselds said to be trimmed by th

rtainty
ate characterizing the range of values within whick’the true value of a measurand lie

to entry: Various types of uncertainty are defined'in ISO/IEC Guide 98-3.

cal line
brmed by a section plane on the side walls and formed by a longitudinal plane on
d walls

recautions

General

lause outlines\the precautions to be taken during measurement. Utmost care and af
breised in taKing measurements, and any unusual occurrence during the measuring
affect thevesults, shall be recorded.

Ship’s condition during calibration

bls measured

immed by the
e head.

2}

the fore and

tention shall
work, which

The calibration methods described in this International Standard may be applied to ships whether afloat
or in a dry dock. However, its use for ships in a dry dock is preferred, because trim or list, if any, will
remain the same throughout the calibration procedure. Adjustments, manually or automatically shall be

made

4.3

to any measurement by optical level and EODR if the ship’s attitude has changed.

Tank distortion

If unusual distortion is found in the tank, additional measurement shall be taken by the calibrator as
considered necessary and sufficient. Notes by the calibrator detailing the extra measurements and the
reasons for them shall be included in the calibration report.

The calibrator shall provide detailed sketches of any abnormality of the tank or its fittings where such
sketches can materially assist the interpretation of the recorded data.
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4.4 Comparison with drawings

If drawings for the tank are available, all measurements taken shall be compared with the corresponding
dimensions shown on the drawings. Any measurement showing a significant discrepancy in this
comparison shall be rechecked; however, the tank capacity table shall be based on the actual
measurements.

4.5 Measurements by measuring tape

When measurements are made with a measuring tape:

a) thetens

b) the mea

the calibjrator shall note this and a catenary correction shall be applied during calculation;

c) take my
toleranc
as the st
the mea
half of t
deviatio

d) the follo

e) if the mg
measurd
earliers

4.6 Measyrements by€lectro-optical distance-ranging (EODR) instrument

When measu

a) the elect
of the d

B—cacifiaddn thao oo ool oo oo 0 oot Laollbao o liodd
O SpCCTITC T trrC—taptCtanoT attotr Cerrrcatestrart oCappTIct,

suring tape shall be supported so as to prevent it from sagging. If tape sag is unavoi

Itiple measurements. If the first three consecutive measurements agree withi
s specified in d) below, take their mean as the measurement and their standard dev
hndard uncertainty. If they do not agree within the tolerances specified in d) below, 1
urements until two standard deviations of the mean of all measurements is less thz
he tolerance specified in d) below. Use the mean as the measurement and the sta

ving table shows the tolerances against the measurement distance:

Measurement Tolerance within
Upto25m 2 mm
over 25 m 3 mm
for offset 0,5 mm

basurements have been interrupted, the last measurements shall be repeated. If th
ments do not agree, within the required tolerance, with the earlier measurements, th
et shall be rejected,

rements,are carried out with an EODR instrument:

ro-optical distance-ranging instrument shall be verified prior to calibration. The acc
stahce-ranging unit as well as the angular measuring unit shall be verified usin

1 as the standard uncertainty. Use standard procedures to eliminate obvious outliers;

dable,

n the
jation
epeat
in the
ndard

)

b new
bn the

uracy
g the

resgiven hy ISQ 7507-4:2010, Annex A;

procedu

b) the tank shall be free from vibration and air-borne dust particles. The floor of the tank should be as

freeasp

ossible from debris, dust and scales;

c) lighting, when required, shall be placed within the tank so as not to interfere with the operation the
EODR instrument;

d) the laser beam fitted to the EODR instrument shall be operated in conformity with IEC 60825-1.
The hazards, if any, in the area in which the calibration is to be carried out shall be assessed in
accordance with [EC 60079-10. The instrument to be used shall be declared (certified) as being safe
for use in the area of operation.

© ISO 2013 - All rights reserved
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4.7 Condition of membrane

Care shall be taken to ensure that the membrane is in contact with the supporting material. In some
cases, it may be possible to ensure this contact by applying a vacuum to the space behind the membrane.

4.8 Safety precautions for work in membrane tanks

a) Allregulations covering entry into hazardous areas shall be rigorously observed.

b) Before a tank which has been in use is entered, a safe-entry certificate issued in accordance with local
or national regulations shall be obtained. All lines entering the tank shall be disconnected and blanked.

c¢) Handlampsandotherelectricinstrumentsshallbe ofatypeapproved forusein explosiveatmospheres.

d) The safety of operating personnel shall be safeguarded by strict attention to the)fellowing.

1) Ladders shall be inspected before use, and extendable ladders used only withiin their safe
operating range. The footing for each ladder shall be level and firfit;-and all ladfders shall be
securely lashed in position before being used.

2) Where painters’ cradles or boatswains’ (bo’suns’) chairs are Gsed, blocks, falls, ropes, etc., shall
be tested before erection, and any item of questionable strength or condition shall be replaced.
Every care shall be paid to the securing of the equipmentiand its operational use.

3) If calibration cannot be carried out without the uséof scaffoldings, properly consftructed steel
tube or timber scaffolding shall be erected. Loose’bricks, drums, boxes, etc., shall ot be used to
form staging. Special attention shall be paid at the corners of the scaffolding. It is ngt uncommon
for a plank to be moved from its position on the scaffolding when the tank wall is being lined
with membranes.

4) Where appropriate, safety harnesses shall be worn by the calibrator working above[ground level.

some cases, edges of the anchor(plates projecting from membrane can be shary.

The use of

e) I
p]ll‘otective gloves and helmets is éspecially advised.

f)

Cpre shall be taken not to damage the membranes with shoes, measuring equipment, ¢tc.

5 EHquipment

The egquipment used te calibrate the tanks in accordance with this International Standard|are intended
to conpfirm to the relevant national or other standard.

ertainties of
hould have a
hg part of the
tion of equal to

5.1 |[Electro-optical distance-ranging (EODR) instrument, capable of achieving unc
tank yolumesracceptable in legal metrology. The angular measuring part of the instrument s
resolytion ofequal to or better than 3 142 x 10 -6 rad (0,2 mgon) and the dlstance measur1
instrimmen ation of distances; shou ave 3

or better than 1 mm.

The accuracy of EODR equipment can be affected by variations of temperature. The manufacturer’s
guidance should be followed.

5.2 Hand-held laser distance meter, which may be used, instead of measuring tape, to measure the
distance. The hand-held laser distance meter should have a resolution of equal to or better than 1 mm.

5.3 Measuringtape, complying with the specifications for strapping tapes givenin ISO 7507-1 or equivalent.

5.4 Automatic level, having an erect image and a magnification of x 20 or greater, capable of being
focused to 1,5 m or less and with a spirit level sensitivity of 40 s of arc per 2 mm or less.

© IS0 2013 - All rights reserved
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5.5 Rule, with graduations in centimetres and millimetres, used to measure deadwood, the offsets
between the strings and the tank walls in the case of the manual method, etc. If a wooden rule is used, it
shall be fitted with a brass ferrule at each end and shall be free of warp.

5.6 Thermometer, having a suitable range, of an accuracy of +0,5 °C.

A mercury thermometer should not be used.

6 Determination of measuring points

between kng
longitudinal

These planef

be taken. The various planes shall be set out at intervals not greater than 5 m; thé’interval sh

adjusted so t
deformation
but shall not

Having detef
section and 1
aftend walls
are made by
instead of ac

7 Calibrg

7.1 Gener

In the manus
by tensionin
tape, may be

The lengths ¢f the tanks shall be measured along all the longitudinal lines at each level of the horiz

planes in acc

The widths
accordance V

The total hei
chamfer heig

wn points. These measuring points are determined by setting out a number of hotiz
and section planes.

intersect to form lines along which the measurements of length, width and height
hat the resulting measurements reflect any change of section and adequdtely descril

be more than 5 m apart.

mined the measuring points, mark the lines which run on the tank inner walls. Ma
bngitudinal lines on the top and bottom plates, horizontaland vertical lines on the foy
and horizontal and vertical lines on the port and starboard end walls. When measure;
an EODR, coordinates of the planned measuring peints may be stored in the instry
Fually marking the lines or points on the tank innepwalls.

tion by manual method

al

1 method, measurements of the(distances between opposite walls of a tank shall be
b the tape as specified on the tape certificate. A hand-held laser distance meter, in pla
used for the direct measuréments.

prdance with 7.2.

f the tanks shall-be measured along all the section lines set in each horizontal pl4
yith 7.3.

phts, upper chamfer heights and side wall heights shall be measured and from these
hts shall be calculated in accordance with 7.4.

AnnexA give

5 inicertainty associated with the measurement of membrane tanks with the manual me

ontal,

shall

all be

e any

The points at which measurements are to be taken shall be deteymined by the calibprator

k the
e and

nents

iment

taken
re of a

ontal

Ine in

lower

rthod.
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7.2 Tank length measurement

7.2.1 Length measurement on the bottom plate

Measure the distances between the fore and aft end walls along all the longitudinal lines marked on
the bottom plate with a measuring tape stretched thereon. The average length on the bottom plate is
calculated using Formula (1):

wher¢
Ll is the length of a longitudinal line on the bottom plate;
L is the average length of the bottom plate;
n is the number of longitudinal lines on the bottom plate:

7.2.2| Length measurement on the top plate

Measfire the distances on the top plate in a manner similar to*that for the bottom plate (sg
shall pe taken to keep the measuring tape in contact with the top plate. The average leng
plate |is calculated using Formula (2):

i=1
where
Lii is the length of adongitudinal line on the top plate;
L is the averagelength of the top plate;
n is the nimber of longitudinal lines on the top plate.

7.2.3| Length measurement in an intermediate horizontal plane

To avpid inaccurate measurement due to excessive sagging of the measuring tape, apply tl
referg¢nce linemethod using a string line.

As shpwniin Figure 1, lengths in these imaginary planes can be obtained by applying offse]

atbothénds, ap, a3 ... an-1 and by, b3 ... by-1, to the length measured directly on the side wall. In practice,

1 n
L= ;ZLl,i
i=1

e8]

n

Lf = %ZLM

e 7.2.1). Care
th on the top

(2)

e horizontal

t corrections

carry out the following.

a)

b)

Mark P1 and P, S§1 and S3, on both side walls at equal distances from the end walls.

Measure the

length (Lp, Ls) between the fore and aft end walls with a measuring tape extended along both side

walls, supporting the tape on the wall to prevent it from sagging.

Stretch strings between the opposite points P1 and S1, P2 and S, and measure the offsets between

the strings and the end walls (ay, az ... an and by, by ... by) with arule.

In measuring these offsets, take care to put the measuring rule at a right angle to the string.

© IS0 2013 - All rights reserved
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The average length of an intermediate horizontal plane, Ly p is calculated using Formula (3):

n
(a;+b;)
_Lp+LS—(a1+an+b1+bn)+§ b

mp — 2 n (3)
The averaged length of intermediate part, Ly, is calculated using Formula (4):
1 &
Ly=—7=) Lmp (4)
p-2 j=2
where p is tFJe number of intermediate planes.
Lp
a Py /1 P, by
) b,
2 2 = 3
~ T
4 4
I — o — |
-1 / bn 1
dn \ bn
S 6 S
Ls
Key
port side-wall 4 string line
Jftend wall 5 longitudinal lines
fore end wall 6 starboard side wall
Lp length of port side wall
Ls length of starboard side wall

P1, P, S1, Sz markings on both side walls at equal distances from end walls

ai, az ...ap offsets between strings and end walls
and b1, by

.bn

Figure 1 — Plan view of an intermediate horizontal plane

8 © IS0 2013 - All rights reserved
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Tank length

The tank length, L, is calculated from Ly, Ly and L:

Lo Lpnx(p—2)+Ly+L

p

(5)

Alternatively, another formula of equal or better accuracy may be used when it is considered adequate
in the light of the shape of the tank.

7.3 Tank width measurement
7.3.1| Width measurement on the bottom plate
Measfyire distances between side walls along all the section lines marked on thébottom|plate with a
measpiring tape stretched thereon. The average width on the bottom plate is caleulated using Formula (6):
1 n
W) = —ZWU (6)
n“
i=1
wher¢
Wi is the width of a section line on the bottom plate;
W is the average width of the bottom plate;
n is the number of section lines eh the bottom plate.
7.3.2] Width measurement on the top plate
Measfire distances on the top plate in @manner similar to that for the bottom plate (see 7.3]1). Care shall
be taken to keep the measuring tape in contact with the top plate. The average width on the top plate is
calculated using Formula (7):
1 n
W = —zWu'i (7)
n“
i=1
whereg
Wu,i is the width of a section line on the top plate;
Wu is the average width of the top plate;
n is the number of section lines on the top plate
7.3.3 Width measurement on an intermediate horizontal plane

Measure tank width in the same way as in the length measurement by actual measurement of wrand wy
in combination with the string as shown in Figure 2.

© IS0 2013 - All rights reserved
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The average width of an intermediate horizontal plane, wi, p is calculated using Formula (8):

n

Y (ci+d;)

_we+w, —(cp e, +dy +d”)+ =

Wy = 8
m,p 2 n ( )
The average of the averaged length of intermediate part, wy, is calculated using Formula (9):
W =—— 3 W (9)
P25
where p is tkje number of intermediate planes.
1
S / &
S S 2 3
Py | 3 ~p
4_ 4-// 5
\k /
s 1t -+ 8]
S z S
3 4
_4
<] S <
6
Key
port side wall 4 aft end wall
string line 5 fore end wall
section line 6 starboard side wall
Wa width of aft end-Wall
wr width of foré end wall

P3 P4 S3,S4 | markings on both end walls at equal distances from side walls
C1,C2..Cy offsets between strings and side walls
and dq,d>.. dn

Figure 2 — Plan view of an intermediate horizontal plane

Alternatively, another formula of equal or better accuracy may be used when it is considered adequate.
For example, side wall may be approximated by a linear regression line of the x- and y-coordinates of
each measuring point on the side wall (see 8.3.3).

7.3.4 Trapezoidal tank

If the tank width is less at one end, measure the width in the intermediate horizontal planes in the same
way as in 7.3.3, as shown in Figure 3.

10 © IS0 2013 - All rights reserved
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The average width, wy, of the fore end wall and the average width, w,, of the aft end wall are calculated
using Formulae (10) and (11).

n

Z(C,i'i'd;)

, ci+c +di+d, i
W =W} — 1 n 1 n_ i=1 (10)
2 n
and
n
Y (ci+d;)
, Cci+c +di+d, =
W, =W, — 1 n 1 n i=1 (11)
2 n
where c’1, ¢’2...chand d’1, d; ... d’y are the offsets between strings and side walls:
)
1
\
[ — g
? —S -$ \\ ) : ;
|/\\\ ©
P 5 \\\B\ﬁ\
] — P'4
= 1T 1T _____3____ T 1T -6 =
/V////S .
Sl // /\/
3 I
\//m A
SN = =
i T = S &)
5
5|
Key
1 port side wall 4 section line
2 aft end wall 5 starboard side wall
3 string line 6 fore end wall
W'a vvidth UT cut Clld vva}l
w's width of fore end wall

P’3, P’4,573,5’4 markings on both end walls at equal distances from side walls

c’1,¢2...¢c’h offsets between strings and side walls
and d’'1, d’2...d"

Figure 3 — Plan view of an intermediate horizontal plane (trapezoidal tank)

As shown in Figure 3, the offsets to be taken in measuring the widths should theoretically be the ones
parallel to the fore and aft end walls (c’1 ... ¢y, d’1 ... d), and the offsets dj measured at right angles to the
side wall should be corrected, as shown in Figure 4, to d’; measured parallel to the fore and aft walls d’1 = dj
/cos @ where 6 is the angle between the side wall and the plane at right angles to the fore and aft walls.

© IS0 2013 - All rights reserved 11


https://standardsiso.com/api/?name=119d3411e5c0cabcb58cc78b8b53c58e

ISO 8311:2

Key

di
d

Alternatively

in the light o

line of the x

distances be

7.4 Tank

7.4.1 Meas

On the top a

plates. Using
top plate and
arithmetic m

013(E)

aft end wall
string line
fore end wall

offsets at right angles to side wall

d
cos@

i

parallel to fore and aft walls by a formula, dlf =

angle between side wall and plane at right angles te‘fore and aft walls, taken from the drawi
Figure 4 — Correction of offsets

, another formula of equal or betterraccuracy may be used when it is considered ade|
f the shape of the tank. For exaniple, side wall may be approximated by a linear regr
and y-coordinates of each measuring point on the side wall and the width calculaf
fween intersections of the fitted lines with the tank end walls (see 8.3.3).

height measurement

urement of totalheight

nd bottom plates, draw section lines and longitudinal lines which will make grids of
a measuring tape, measure the distances between the intersections of these lines

eanusing Formula (12):

hgs

quate
pSssion
ed as

both
n the

the corresponding points on the bottom plate, i.e. along all vertical lines, and calculafte the

1 n
hy = ;th,i
i=1

where

12

is the total height along a vertical line;
is the average total height;

is the number of vertical lines.

(12)
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Alternatively, another formula of equal or better precision may be used when it is considered adequate
in the light of the shape of the tank. For example, the arithmetic mean may be the weighted average in
case of trapezoidal tanks.

7.4.2 Measurement of side wall height

Measure the distance between the bottom of the upper chamfer and the top of the lower chamfer, along
all vertical lines drawn on both side walls, and obtain the arithmetic mean using Formula (13):

1 n
h, = ;th,i (13)
whereg
hh,i is the side wall height along a vertical line;
hfn is the average side wall height;
n is the number of vertical lines.

7.4.3| Measurement of lower chamfer height

a) Spta reference plane with an optical level approximately-parallel to the bottom and the end walls
with some clearance from the top of the lower chamfer

Measure height di between this reference plane and the bottom plate along all the Vertﬂlcal lines, and
take another measurement d; between the reference plane and the top of the lower chamfer at the
cprners of the tank.

c) The height of the lower chamfer is calculated using Formulae (14) and (15):

hjy=dy;—dy; (14)
1 n

==Y M; (15)
n“

i=1
wher¢

h) i is the lower chamfer height along a vertical line;

h is the average lower chamfer height;

n is the number of vertical lines.

7.4.4 Height of upper chamfer

After heights h¢, hyy and h) have been obtained, the height of the upper chamfer hy is calculated using
Formula (16):

h, =h, —hy, —h (16)

Figure 5 shows a transverse section view of a tank indicating where measurements are required and the
values used in calculating chamfer.
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\_/
ANy
L

w
hy
hy

dy

\__/
~
hx
T
hy

6

Key

verticpl lines 4 centreline

tank tpp 5 horizontal reference line

upper| chamfer 6 tank bottom

lower|{chamfer 8 side wall
dq height between the horizontal reference line and bottom platefalong the vertical lines
dy height between the horizontal reference line and top of the lewer chamfer at the corners of a tank
hy lower|chamfer height

hm side wall height

ht total height

hy height of upper chamfer

hx arbitrpry height in the lower chamfer portion
hy arbitrpry height in the upper chamfer.portion

Figure 5 — Transverse section view

7.5 Measuyrement ofbottom undulation and gauge reference height

7.5.1 Setre¢ferencelines by an optical level with some clearance from the tank bottom. Figure 6 shows
an expanded|transverse section of the tank bottom to illustrate the measurements used in the assessment
of bottom unldulation.

7.5.2 Measure the offsets between the bottom plate and the reference plane along all the vertical lines
set on the fore and aft end walls. The average of the measurements is denoted as RB.

7.5.3 Likewise, take measurements of the depths at all intersections of the longitudinal lines with the
section lines on the bottom plate. The average of these measurements as well as of the measurements
used in obtaining RB is denoted as RA.

7.5.4 Calculate the numerical difference AB between the average reference offset RB and the average
depth measurement RA using Formula (17):
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AB=|RA-RB| (17)

The increase or decrease in volume due to bottom undulation is obtained by multiplying the difference
AB by the area of the tank bottom plate.

7.5.5 Measure the depth RC between the reference plane and gauge reference point (see Figure 6).
The clearance BC of the gauge reference point in relation to the tank bottom is then calculated using
Formula (18):

BC=RB-RC (18)

RB

AB

Key
gauge reference point
reference plane

zero level

Figure 6 — Transverse section view of tank bottom

7.6 |Correction for tempg€rature

The atmospheric temperature in the tank shall be measured at intervals of 2 h or less arjd, when this
differfs from the calibration temperature of the measuring tape, the measurements shall be rorrected for
the expansion or cofitraction of the tape. In the case of independent prismatic tanks, the mpasurements
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shall be corrected for the contraction or expansion of the measuring tape and tank material using

Formula (19)

C=Dx(og—0t; )x(T—t)

where
C
D

is the total correction to the measured length for the effect of temperature;

is the measured length;

(19)

as

A

If Cis less th

8 Calibrg

8.1 Gener

In EODR me
coordinates

Note that as
uncertaintie

radtla £€3 o3 £ oF13 H £l - i
IS LIIT THICAIT CUCUITTIVITTIU UL TITICdl CA}JallDlUll Ul UIIC I1ICdoS Ul llls LCllJC’

is the mean coefficient of linear expansion of the metal from which the tank is'con-
structed;

is the calibration temperature of the measuring tape;

is the average temperature of the tank during measurement.
in 0,5 mm, the correction may be ignored.

tion by electro-optical distance-ranging (EOPR) method

al

thod, average distances between oppositevalls of a tank shall be calculated fro
bf the measuring points on these walls.

5, e.g. least square method, may bejused to calculate tank dimensions.

8.2 Settinig up of EODR instrumerit

The EODR in

a) The nun
incidenc
techniqu

strument shall be setup'with the following steps.

iber and locations\of the instrument stations shall be determined in order not to €

es should beliised to move from one station to the other.

m the

alternatives to the formulae in 8.3:2; 8.3.3 and 8.3.4, other methods of equal or lpetter

xceed

b-angle limitations of equipment. If more than one station is necessary, survey trdverse

b) The insfrumentshall be set up with care, particularly in the horizontal and vertical axefs and
according to the.procedure and instructions given by the manufacturer.

c) The instrtrment shall be set up so as to be stable and free from external vibrations. If nece

ssary,

the tank shell, in the vicinity of the instrument, shall be made firm and steady by placing
weights in the area. The legs of the tripod on which the instrument is mounted may be steadied
using suitable devices to prevent slippage on the tank bottom.

d) The sighting lines from the instrument to the tank shell shall not be obstructed.

heavy

e) Atleast the minimum settling time recommended by the manufacturer should be allowed before
the instrument is used.

f) Ifthe distance-measurement part is separate, parallax adjustment should be made at the start. The
distance optical beam and laser beams should be adjusted after temperature equilibrium, to ensure
zero parallax, and then locked in position.

g) Select two reference target points. The reference target points should be approximately 100 gon
apart and preferably on the same horizontal plane as this instrument.

16
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h) Measure and record the horizontal angle, the vertical angle and the slope distance to each reference
target point. Two successive readings, at each point, shall be taken and they shall agree within the
following tolerance. Compute and record the average angles and distance to each point.

1) the slope distance to each reference target point at the beginning and end of th
shall be within + 2mm.

e calibration

2) the horizontal and vertical angles to each reference target point at the beginning and end of

the calibration shall be within + 0,01 gon.

8.3 Calibration procedure

8.3.1|] General

The tanks shall be calibrated with the following steps.

a)

b)

‘)

d)

Key

Measure the horizontal and vertical angles and the slope distance to each measurij
shirface and express the position of the targets as a point in the Cartesian coordinate (s

Alfter all measurements from one measurement station are completed, repeat the mea
the reference target points.

[f{the repeated horizontal and vertical angles and slope distances to each reference targe
apree with measurements taken in 8.2 h), within the tolerances given in that paragrap
the reasons for such disagreement, eliminate the cause.and repeat the calibration prog

Cprry out all measurements without interruption:

1g point on a
ee Figure 7).

surements to

t pointdo not
h, determine
edure.

vA
X X
X X
X X
X X
X X
y

side plate
end plate
bottom plate

Figure 7 — Measuring points
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8.3.2 Determination of length

The positions of the fore end wall and aft end wall on the x-axis are determined by averaging the
x-coordinate of the measuring points on the respective walls. The length of the tank (L) is given by
adding the average of x(aft) and the average of X(fore) i.€.:

L=|2Xn(f0re) +|zxn(aft)| (20)

N(fore) N(aft)

NOTE Xn(fore) and Xn(aft) are absolute values of the EODR measurements.

8.3.3 Determination of width

The position| of the port and starboard side walls on the y-axis are determined by the averaging the
y-coordinate|of the measuring points on the respective walls. The width intermediated herizontal|plane
(w) is given By adding the average of y(port) and the average of y(starboard) i.e.:

Zy n(starboard) | + | Eyn(port)

n( tarboard) n(port)

(21)

NOTE Yh(starboard) and Yn(port) are absolute values of the EODR measurements.

In case the hjpprizontal plane of tank is trapezoidal, side wall is assuméd as the linear regression line of
the x- and y -roordinates of each measuring point on the side wallie.:

x=ay+h

2 =Y)(xi-%)

Sl

b=X-aY (22)

8.3.4 Determination of height

The position|of the bottom“and top plates on the z-axis are determined by averaging the z-coordinate
of the measyring points,on the respective plates. The total height of tank (hy) is given by adding the
average of Z(pottom) fr'om the average of z(top) i.e.:

z Z
ht _ z h(top) ¥ 2 n(bottom) (23)
n( 0p) n(bouum)
NOTE Zn(top) and Zn(bottom) are absolute values of the EODR measurements.

Chamfer is assumed as the linear regression line (Z) of the y- and z -coordinates of each measuring
points on the chamfer part.

The height of each side of the octagon is given by a set of coordinates thereby we(top), Wa(bottom), fu(upper),
hm(middle) and hy(lower) are determined. The heights of each pair of chamfers may be averaged.
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9 Additional measurements

9.1 Location of level gauge

The location of the level gauge shall be indicated by the distances from the nearby wall and the bottom
of the lower chamfer and recorded for inclusion in the calculation of trim and list corrections.

9.2 Deadwood

9.2.1 The volume of deadwood such as pipe columns, ladders, submerged pumps and any other
struc i T di [OTTS: ; i ions are not
obtainable due to the complexity of the shape, the volume may be calculated from the mass of
the ittm and the density of its material of construction, provided that the uncertainty of the calculated
volune is negligible with respect to the overall measurement accuracy. For each itent of d¢gadwood, the
volunpe shall be calculated as function of height above the gauge reference point.

9.2.2| The volume of internal piping containing cargo fluid shall be calculated as the differ¢gnce between
the ejternal and internal volumes of the piping, i.e. the volume of the metal.

9.2.3| The volume of membrane tongues or corrugations shall be €alculated from the drawings.

9.2.4| For tank volume calibrations, the height of the deadwood above the gauge refererjce point and
volunpe of the deadwood at that level shall be measured.

10 dalculation

10.1|General

The tank capacity table shall be compiled-in accordance with the principles set out in 10.2 fand 10.3 and
taking account of chamfer portions (se€ 10.4).

The tank volume (see Figure 8)(s given by Formula (24):

V:M%xhu )+wmth+(WmT+Wlxhl ﬂxL (24)
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hu

h
hm

Corrections

10.2 Calcul

The tank tab
height starti
average leng

10.3 Effect

Any increasse
the gauge ref

10.4 Area ¢f chamfer portion

10.4.1 The {
function of h
the bottom o

f the chamfer.

Figure 8 — Elements of tank volume caleulation

hall be made in accordance with 10.5 to 10.8.

ation of tank volume

le shall be compiled by means of multiple horizontal areas calculated at each centime
hg from the tank bottom as the zero level. Each horizontal area shall be obtained fro
th L and the average width w, taking into account the deadwood affecting the area.

of bottom undulation

or decrease in volume arising from tank bottom undulation shall be adjusted in relat
erence point (see 7.545).

irea at ap-arbitrary height in the lower chamfer portion of the tank shall be calculate

tre of

Im the

ion to

d as a

L (see Eigirte 5) employing hj (see 7.4.3 and 8.3.4) as well as horizontal areas at the top and

(25)

Ay =A+(Ap —A1)><h—x
hy
where
Ax is the area at an arbitrary height in the lower chamfer portion;
Am is the horizontal area at the top of the lower chamfer;
Al is the horizontal area at the bottom of the lower chamfer;
hy is the arbitrary height in the lower chamfer;
hy is the height of lower chamfer.
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10.4.2 For the middle part of the tank, one and the same area may be used for calculation.

10.4.3 The area at an arbitrary height in the upper chamfer portion of the tank shall be calculated as a
function of hy (see Figure 5) employing hy (see 7.4.4 and 8.3.4) as well as horizontal areas at the top and
the bottom of the chamfer.

Ay=Ap—(An—Ay)x+ (26)
u
where
A 1s the area at an arbitrary height in the upper chamter portion;
A is the horizontal area at the bottom of the upper chamfer;
Al is the horizontal area at the top of the upper chamfer;
hy is the arbitrary height in the upper chamfer;
h is the height of upper chamfer.

10.5|Trim corrections

Trim forrections shall be given as an addition to or subtraction from the apparent liquid leyel measured
by th¢ tank gauge. Trim corrections are calculated by-eemparison of the liquid levels giver] by the same
volunpe of liquid in the tank with the ship upright and on even keel, and with the ship upright and in the
condition of trim under consideration.

10.6|List corrections

Listcprrections shall be given as an addition to or subtraction from the apparentliquid levellas measured
by the¢ tank gauge. List corrections aré calculated by comparison of the liquid levels given| by the same
volunpe of liquid in the tank with:the ship on even keel and upright, and with the ship on gven keel and
in the list condition under consideration.

10.7 (Combined trim and list corrections

The tfim and list corTections compiled in accordance with 10.5 and 10.6 may be combined|in one table.

10.8|Correction for tank shell expansion or contraction

The dorrection for tank shell expansion or contraction is unnecessary for membrane fanks where
the cpnstruction or construction materials are such that thermal contraction effects on volume are
insignificant.
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In case of independent prismatic tank, correction of tank volume for cryogenic loaded condition shall
be made by means of the coefficient of expansion of the material of the tank shell, using Formula (27):

F, =1-3a(t1—t;)

where
Fy

Qa

t1

2

11 Reportland tables

The followin
hard copies,

r:Lration report includes:

a) The cali
1) na
2) plac
3) date
4) tank
5) mea
6) tank
7) tota
8) unce
9) dire

b) Tank capacity is tabulated against the gauge readings at suitable intervals. A second columj
give the

c) Trim cor
reading

is the correction factor for tank shell expansion or contraction;

(27)

is the mean coefficient of linear expansion of the metal from which the tank is con-

structed;

is the tank-calibration reference temperature for the tank table;

is the actual temperature of the liquid or vapour.

b report and tables shall be bound into a book and kept on board-the ship. In addition
the tables may be electronically stored in the ship’s custody transfer measurement sy

of calibrator;

b of calibration;

of calibration;

dimensions;
surement method;

-calibration reference temperature;
tank capacity;

rtainty of measurement;

rtions for use of\tables.

to the
stem.

differences between the readings. An example of a tank capacity table is given in Ani

rection tables to be applied to gauge readings are tabulated at suitable intervals of

bauge

for various conditions of trim both by head and by stern. An example of a trim corré

bction

table is given in Annex C.

d) List correction tables to be applied to gauge readings are tabulated at suitable intervals of gauge
reading for conditions of listat 0,5° intervals. An example of alist correction table is given in AnnexD.

e) Inthe case of independent prismatic tanks, correction table for expansion/contraction of tank shell
is to be applied for the difference between the tank-calibration reference temperature of the tank
capacity table and the actual temperature of the liquid and vapour.

f) Thermal correction tables for ATG, which provide corrections for any effect of changes in
temperature, pressure or cargo properties of the respective cargo components (see ISO 18132-1
and ISO 18132-3).

22
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12 Recalibration

Tanks should be recalibrated as required by national regulations or if the calibration becomes suspect
for any reason, e.g. deformation or modification. Change of ATGs may require reproduction of relevant

correction tables.
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A.1 General

Annex A
(informative)

Uncertainty associated with tank calibration

This annex describes calculations of uncertainty associated with tank calibration by the manual mlethod
(see Clause 7).

A.2 Symbpols

ai Offset between string and aft end wall on port side wall by.rule m
aj Offset between string and aft end wall, by rule m
an Offset between string and aft end wall on starboard side wall, by rule m
Arule Uncertainty of rule m
Atape Uncertainty of steel tape m
Atemp Uncertainty of thermometer °C
b1 Offset between string and fare'end wall on port side wall, by rule m
b; Offset between string aiid fore end wall, by rule m
bn Offset between string and fore end wall on starboard side wall, by rule m
Cj Sensitivity coefficient -
Cten Tensioncoefficient of steel tape /N
D Distance measured by steel tape m
d Distance measured by rule m
Dgir Distance obtained by direct method m
d; Measurand by rule m
Dj Measurand by steel tape m
Dref Distance obtained by reference line method m
Eten Ratio of tension difference against Ts¢q -
hy Measurand of height m
hy Height of lower chamfer m
hm Height of side wall m
h Total tank height m
hy Height of upper chamfer m
24 © IS0 2013 - All rights reserved
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k Coverage factor -
L Tank length m
Li Measurand of length m
L Averaged tank length on bottom plate m
L Averaged tank length of intermediate part m
Lp Tank length on port side wall measured by steel tape m
Lyef Tank fengtiTobtained by Teference e metiod m
Lg Tank length on starboard side wall by steel tape m
Ly Averaged tank length on top plate m
n Number of measurement -
P Horizontal plane -
Rrule Resolution of rule m
Reape Resolution of steel tape m
Tstd Standard tension of steel tape

U(Dcall Standard uncertainty of steel\tape due to calibration m
u(dcal) Standard uncertainty efwule due to calibration m
U(Dgey Standard uncertainty of steel tape due to measurement deviation m
u(Dy) Standard uncertainty of steel tape due to a component ;. m
u(d;) Standaxd uncertainty of rule due to a component ;. m
u(dgey] Standard uncertainty of rule due to measurement deviation m
U(Dreg Standard uncertainty of steel tape due to resolution m
u(dreg) Standard uncertainty of rule due to resolution m
U(Dren Standard uncertainty of steel tape due to tension m
u(Dyp) Standard uncertainty of rule due to temperature m
u(d) Standard uncertainty of steel tape due to temperature m
u(Dy,) Standard uncertainty of steel tape due to variation m
u(dya) Standard uncertainty of rule due to variation m
u(xi) Standard uncertainty of a component x; -
uc(D) Combined uncertainty of steel tape -
uc(d) Combined uncertainty of rule -
uc(y) Combined uncertainty of y -
ur(x) Standard uncertainty of x sorted with random component -
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us(x) Standard uncertainty of x sorted with systematic component -
|4 Tank volume m3
Vp Estimated variation of steel tape measurement m
4 Estimated variation of rule measurement m
Wi Average width of a horizontal plane P; m
w) Tank width at lower part m
Wm Tankwidtiratmiddie part T
Wy Tank width at upper part m
1) Deviation from the reference point m
a Temperature coefficient of steel tape /°(
0 Deviation in angle °

A.3 Determination of combined standard uncertainty

The combingd standard uncertainty, uc(y), is given by Formula (A1) where all input quantiti¢s are

independent
2
a9
Ha—;]xu(xi)} (A1)

where y = f (1, X2, X3, ..., Xn)

=
YN
—_~
<
N—
I

o

N NIE

A.4 Mathematical model

See Figure Al1.

hu

he
hm

Figure A.1 — Typical membrane tank overview
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From 10.1, the tank volume is given by Formula (A.2):

Vz{(wu_‘_%xhu )+wmth+[WmT+Wlxh1 ﬂxL (A.2)

A.5 Contributory variance

The contributory variance is given by Formula (A.3):

ul(v) :CEuZ(L)+c§Vuu2(wu)+ca,mu2(wm)+ca,lu2(wl)+c,21uu2(hu)+c%mu2(hm)+c%1u2(h1) (A.3)

hy is given indirectly by the following formula:

by =he—(h+hy)

Therdfore, it can be rewritten as:
u (V)=Cfu2(L)+cﬁ,uu2(wu)+c5,mu2(wm)+cﬁ,lu2(wl)+c%u [uz(ht)+u2(hl)+u2(hm }
+ c,%muz(hm)+c%1u2(hl) (A4)
A.6 |Sensitivity coefficients

The sensitivity coefficients in Formula (A.4) can;Béobtained by Formula (A.5) to (A.11):

_ov _ (Wy Wi )hy +2w i hy +(wy, W) )by

A5
of =2 . (A.5)
o " 9n, 2 |
oV
o "oy, o
m
SV LW w) (A.8)
I on, 2
|9 _Ln, (A9)
vaow, 2
o OV L(hy+2hgthy)  L(hethy) (A.10)
Wm an 2 2 .
v L
_oV _Lh A1l
CW] an 2 [ )

A.7 Cause of uncertainties

A.7.1 General

The causes of uncertainty associated with tank calibration are attributed to measurement method,
source and effect, and each cause is classified into systematic and random effects.
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A.7.2 C(Clas

013(E)

sification by method

A.7.2.1 General

The manual calibration of membrane tanks described in this standard includes direct method and

reference lin

e method.

A.7.2.2 Direct method

When measurements are taken directly by steel tape, the combined uncertainty, uc(D), is the sum of the
uncertainty inherent in the steel tape.

n
ug (D)= D u*(Dy) A12)
i1
A.7.2.3 Reference line method
The combined uncertainty associated with the reference line method applied tofhe'measurementfof the
averaged tark length of an intermediate part is derived from Formula (A.13)¢
n
a; +b;
Lg+Lg—(ay+a,+by+by,) 121‘( +h)
Linp = +=
’ 2 n
Ld+Ls—(ay+a,+by+b —
Lpp =—1— ( 12 — n>+ai+bi A.13)
The combingd uncertainty, uc(Lm), is given as:
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2(= 2 2
ug (L) = cr U (Lp)+cLSu (LS)+calu (a1)+canu (an)+cb1u (b1)+cbnu (bn)+caiu (a;)+ .U (
(A.14)
And the sensdjitivity coefficients are as-shown as follows:
oL 1
cLP=cLS=ca1=can=cb1=cbn=£=5 A.15)
oL

Cal —CBI —a—ai—l A16)
In addition,

u(Lp)=u(Lg) (A.17)

u(ay)=u(a,)=u(by)=u(by,) (A.18)
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u(ai)=u<5i)

Thus,

Ue

the combined uncertainty, uc(Lm,p), for length is given in Formula (A.20):

2(1,)="200) 2 (022 (@)

2

Similarly, the combined uncertainty, uc(wm p), for width is:

2/ \_UZ(WF) L2

! ')1.2
=

=
T

U

A.7.3

A.7.3

Steel

A.7.3
See F

A.7.3
The c

A.7.4

The s
the ef!
value

In the

heighf measurementis-described by Formula (23):

Forle

~—

- e w{e}
("m,p] 2 V1 (F1)

Classification by source

1 General

fapes and rule are used for the manual calibration of membrane tafks:

2 Measured by steel tape
prmula (A.12).
3 Measured by rule

bmbined uncertainty, uc(d), of the rule measurement is given as Formula (A.22):

Classification by effect

burce of uncertainty comprised of random and systematic components. The random ef
fect caused by arandom eomponent, which can be reduced by adoptingan average ofthe
5. Systematic effects cannot be reduced by adopting an average of the measurement va

manual measurement of membrane tanks, the combined uncertainty, uc(hj), associz

(A.19)

(A.20)

(A.21)

(A.22)

fect refers to
neasurement
ues.

ited with the

(A.23)

he number of

ngth and width measurements, the random effects are reduced in accordance with t

horizontal planes.
2
ug (L;
)=t ()
2
ur- (w;
()= i )
NOTE Refer to Table A.1, A.7.7 and A.7.8.
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A.7.5 Integration of uncertainties

A.7.5.1 General

The uncertainties classified in A.7.2 and A.7.3 are combined according to the measurement methods.

A.7.5.2 Combined uncertainty for direct method

For direct method, Formulae (A.12) and (A.23) are integrated as follows:

O (u(Dy)

2/ \\

ucz (Ddir)

A.7.5.3 Combined uncertainty for reference line method

For the refer
as follows:

uz(D

C

~—

ref

Components

£

TUg \Ui)J

:li ug (D;)
21,:1 nxp

A.7.6 Grouping of uncertainties

J 2(4d. k 2(d
(D) [+ —u;ip])+usz(d]-) 2y _“;(X;hug(dk)
j=1 k=1

of uncertainty are grouped into random and systematic.

A.26)

ence line method, Formulae (A.12), (A.20), (A.21), (A.22), (A.24) and (A:25) are integrated

A.27)

Table A.1 — Uncertainty grouping

Component ¢f uncertainty

|Reason

Random conlponents

duetot

ension (only for steel tape)

Measurement value is varied by variance of giving standarg ten-
sion to the tape. The giving tension varies every measuremient
around the standard tension.

duetot

he resolution of tape or rule

Measurement value is varied by the resolution of the tape d
rule. It varies at the half of the resolution.

—

due to v

ariation

This is estimation of the variance of the population.

duetot

hnk wall undulation

This is estimation of the variance of the population.

Systematic ¢

pmponents

due to ¢

hlibratienor characteristic

Measurement value is always biased if the same tape or rulle is
used for series of measurement.

duetot

Pmperature

Measurement value is always biased if the same thermometer is
used for temperature carrection

due to measurement deviation

Measurement value is always biased around the centre of ideal
point.

A.7.7 Uncertainties associated with steel tape

A.7.7.1 Standard uncertainty of steel tape due to tension

In case that the tension applied to the tape deviates from the standard tension, the uncertainty is given
by Formula (A.28).

U(Dyep ) = Dx—tE0

30

C

X TStd XE

ten

V3

(A.28)
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A.7.7.2 Standard uncertainty of steel tape due to resolution

The probability distribution can be considered as a rectangular distribution. The uncertainty is given
by Formula (A.29).

_ Rtape

I‘ES)_ZX\/§

u(D (A.29)

A.7.7.3 Standard uncertainty of steel tape due to variation

Variation can be found if multiple measurements are made. This variation can either be statistically
analyfed in accordance with the series of observations or be estimated from the repeatabiljty described
in 4.5] In the latter case, the uncertainty is given by Formula (A.30).

v
u Dva)zﬁ (A.30)

A.7.7(4 Standard uncertainty due to tank wall undulation

Undulation of the tank walls can be the source of uncertainty. It can either be statistically ahalysed or be
estimated from the experience. In the latter case, the uncertaintyfs given by the Formula (A.31).

Yup (A.31)

2><\/§

A.7.7|5 Standard uncertainty of steel tape due to calibration

u Dud):

Inthecase thatan expanded calibration uncertaiinty is stated on the certificate, the standard uncertainty
is calg¢ulated by dividing it by the coverage factor (k = 2):

At
u Dcal):% (A.32)

In thq case that an expanded calibration uncertainty is not found on the certificate, but the steel tape is
manufactured according to an industrial standard, the probability distribution can be considered as a
rectapgular distribution. Ifi'such case, the uncertainty is given by Formula (A.33).

Atape

B

A.7.7|6 Standard uncertainty of steel tape due to temperature

u Dcal)=DX

(A.33)

The upgertainty of thermometer is stated on the calibration certificate or is declared by the manufacturer
of thetHermometer—tn—either-case—theprobabilitv—distribution—can—-be—considered—as rectangular

CIICTTIIToOTIICTC TS It Co ot T T pr ooooTIey Tt TooT T o C—ComoSTat ooy

distribution and the uncertainty is given by Formula (A.34):

axA
7 temp (A.34)

J3

A.7.7.7 Standard uncertainty of steel tape due to measurement deviation

u(Dyy) = Dx

If there is some deviation in angle from the point to the other, the probability distribution can be
considered as a triangle distribution. The uncertainty is given by Formula (A.35):

D—Dxcos@

U(Ddev):W (A35)
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A.7.8 Uncertainties associated with rule

A.7.8.1 Standard uncertainty of rule due to resolution

The probability distribution can be considered as a rectangular distribution. The uncertainty is given
by Formula (A.36):

Rrule (A.36)

u(dres): 2><\/§

A.7.8.2 Standard uncertainty of rule due to variation

Similar to A.}.7.3:

V4

u(dy,)= b <3

A.37)

A.7.8.3 Standard uncertainty due to tank wall undulation
Similar to A.}.7.4:

|4

u(dud>=ﬁ A.38)

A.7.8.4 Standard uncertainty of rule due to calibration

Similar to A.}.7.5:

u(arcal):dxm A.39)

V3

A.7.8.5 Standard uncertainty of rule due to temperature
Similar to A.}.7.6:

A
u(dy,) = fix o temp. A.40)

V3

A.7.8.6 StIldard uncertainty of rule due to measurement deviation

If there is some dewviation from the point, the probability distribution can be considered as a trjangle
distribution.|The uncertainty is given by Formula (A.41):

d—dZ+5°
- +
U(dgey )= e (A.41)

J6

A.8 Numerical example

The following tables (Tables A.2, A.3, A.4, A.5 and A.6) show uncertainty calculations of tank volume
in relation to the manual measurement. In this example, a non-trapezoidal cargo tank on a 145 000 m3
type LNG carrier is considered.

32 © IS0 2013 - All rights reserved


https://standardsiso.com/api/?name=119d3411e5c0cabcb58cc78b8b53c58e

ISO 8311:2013(E)

Table A.2 — Numerical example

Measurement distance by steel tape D, m

L w h
upper 22,525 27,562
middle 44904 39,106 15,053
lower 30,689 4,222

Accuracy of steel tape Agape, m

The accuracy of strapping tape is prescribed in
[SO 7507-1:2003, Annex A.

1,5

Atape BETY Y 0,00005
Tempprature coefficient a, /°C 14 x 10-6
Accurfacy of thermometer Atemp, °C Itis described in 5.7 as + 0,5-°«
Standard tension of steel tape Tstq, N 50
Tensipn coefficient Ceep, /N 3,01 x 10-6
Tensipn difference Eten, % 10
Minirium resolution of steel tape Rtape, m 0,001
Deviation in angle 6, ° 1,0

Estimjated limited value of variation of steel tape Vp, m

0,002for measurement up to 25 m

0,003 for measurement over than 25|m

Estinjated limited value of variation due to tank wall undus

latior] Vyp, m 0,030
Number of measurement at same point np 2
Measyirement distance by rule d, m 0,150

Accuijacy of rule Apyle, m

It is prescribed in JIS B7516.
B O,10+0,05><(d/0,5)
rule — 1000

Calculation result of the fraction lesq than 1 of
d/0,5 shall round up to an integer.

=0,00015

Minirhum resolution of rule Ryjjje, m 0,001
Devigtion from measurement point §, m 0,005
Estinjated limited value of variation of rule V4, m 0,0005
Estimated limitedvalue of variation due to tank wall undu-

. 0,030
lation] V4, m
NumlMer of mieasurement at same point nq 2

I'able A.3 — Influence to volume due to uncertainty of length measurement

Direct method Reference line method
L=44904m d=0,150 m
Middle part
Upper part | Lower part
Lp | a | ai
np, nd 2 2
n 5 9 1| 1 | 18
p 4

© IS0 2013 - All rights reserved
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Table A.3 (continued)

Direct method Reference line method
L=44904 m d=0,150 m
Middle part
Upper part Lower part
Lp a aj
ur(L)  |u(Dten), m 0,000 39 0,000 39 0,000 39 - -
u(Dres) Or u(dres), m 0,000 29 0,000 29 0,000 29 0,000 29 0,000 29
u(Dya) or u(dya), m 0,001 73 0,001 73 0,001 73 0,000 29 0,000 29
u(DJ) or u(duq), m 0,008 66 0,008 66 0,008 66 0,001 44 0,001 44
us(L)  |u(Deh) or u(dear), m 0,001 30 0,001 30 0,001 30 0,000 07 0 "(p7
u(Deh) or u(den), m 0,000 18 0,000 18 0,000 18 0,00000 |, 600040
u(Ddey) or u(dgey), m 0,001 40 0,001 40 0,001 40 0,00002 ™ © 0,000 2
Tur2(Li), m2 78,2x10-6 | 78,2x10-6 | 78,2x10-6 | 2,25 x J(e{f)o 2,25 x 1p-6
Tus2(Li), m2 3,66 x 10-6 3,66 x 10-6 3,66 x 10-6 0,00‘7®\ﬁ)—6 0,007 9 x[10-6
Coefficient 1 1 0,5 oM 2
Coeff. x u2(L)/(n x p), m?2 7,82 x 10-6 4,35x10-6 | 4,89 x 10-6 '\%,281 x 10-6 0,031 3 x|10-6
Coeff. x ug2(L), m2 3,66 x 10-6 3,66 x 10-6 1,83 x 107 0,007 8 x10-6 | 0,015 6 x[10-6
u2(L), m2 11,5x10-6 | 8,01x10-6 | 6,72 4076 | 0,289 x10-6 | 0,046 8 x|10-6
Su2(L), m2 *\g‘@é x 10-6
c12, m 9912
c1.2 u2(L), m6 W 26,1
O
Tlable A.4 — Influence to volume\gi\%to uncertainty of width measurement
Direct method X (.)\ Reference line method 0,150 m
. 30'6896§ ) vi/u = 22,525 T . m|zm = 39,106T
Fad ws c1 Ci wWs c1 Ci
np, nq (Z\y 2 2
n S0 1 | 1 | 2 1 | 1 | o
p o 1 4
urW)  |u(Dieh), m hg‘ 0,000 27 0,000 20 - - 0,000 34
u(Drds) or u(dr@ 0,000 29 0,00029 | 0,00029 | 0,00029 | 0,00029 | 0,00029 | 0,000 29
u(Dvd) or}lﬁm 0,001 73 0,00115 | 0,00029 | 0,00029 | 0,00115 | 0,00029 | 0,000 29
u(Dy )ﬁ;)a}(éud), m 0,008 66 0,00866 | 0,00144 | 0,00144 | 0,00866 | 0,00144 | 0,001 44
usw) | u(Dea)) or udean), m 0,000 89 0,00065 | 0,00007 | 0,00007 | 0,00113 | 0,00007 | 0,000 07
u(Den) or u(den), m 0,000 12 0,00009 | 0,00000 | 0,00000 | 0,00016 | 0,00000 | 0,000 00
u(Ddey) or u(dgev), m 0,000 95 0,00070 | 0,00002 | 0,00002 | 0,00122 | 0,00002 | 0,000 02
Sur2(wi) x 10-6, m2 78,2 76,5 2,25 2,25 76,5 2,25 2,25
Sug2(wi) x 10-6, m2 1,71 0,921 0,0078 | 0,0078 2,78 0,0078 | 0,0078
Coefficient 1 0,5 1 2 0,5 1 2
Icnozeff_ x ur2(w) /(n x p) x 10-6, 3,91 19,1 1,13 0,113 4,78 0,281 0,0281
Coeff. x us2(w) x 10-6, m2 1,71 0,461 0,0078 | 0,0156 1,39 0,0078 | 0,0156
u2(w) x 10-6, m2 5,62 19,6 1,13 0,128 6,17 0,289 0,043 7
Tu2(w) x 10-6, m2 5,62 20,8 6,50
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