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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
rotechnical standardization.
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ISO 28765:2022(E)

Vitreous and porcelain enamels — Design of bolted steel
tanks for the storage or treatment of water or municipal or
industrial effluents and sludges

1
This

cylindrical steel tanks for the storage or treatment of water or municipal or industrial e
sludg

Itis 4

fort
Itis

a)
b)

‘)
d)

f)
g)

h)
1
j)

k)

Scope

document specifies the requirements for the design and use of vitreous enameleg

Fes.

pplicable to the design of the tank and any associated roof and gives guidafice on the r¢
lne design of the foundation.

pplicable where:

d

the tank is cylindrical and is mounted on a load-bearing base substantially at or above g

the product of the tank diameter in metres and the walKheight in metres lies withi
q

% to 500;

he stored material has the characteristics of a liquid, exerting a negligible frictional
ank wall; the stored material can be undergoing treatment as part of a municipal ¢

effluent treatment process;

the internal pressure in the headspace above the liquid does not exceed 50 kPa and

partial vacuum above the liquid deesnot exceed 10 kPa;
the walls of the tank are vertical;

the floor of the tank is substantially flat at its intersection with the wall; the floor of {
Hiave a rise or fall built in.to allow complete emptying of the tank contents, the slope o

ot exceed 1:100;
here is negligibleZinertial and impact load due to tank filling;
he minimum‘thickness of the tank shell is 1,5 mm;

the material used for the manufacture of the steel sheets is carbon steel (tanks co1
gheetsimade from aluminium or stainless steel are outside the scope of this document)

he tank diameter does not exceed 100 m and the total'wall height does not exceed 50 1n;

ated bolted
ffluents and

Pquirements

round level;

n the range

force on the
r industrial

the internal

he tank can
F which does

hstructed of

thatammayratiinn ~f b 400017 o) HPring arapatio 1o b ranga
T

N o
\>4

°C under all

4 o
LCIIC L\zlllt}bl ALUT U UL UITC  LAIIIN J

operating conditions.

This document also gives details of procedures to be followed during installation on site and for

insp

ection and maintenance of the installed tank.

[t does not apply to chemical-reaction vessels.

It does not cover resistance to fire.
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2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 2178, Non-magnetic coatings on magnetic substrates — Measurement of coating thickness — Magnetic

method
[SO 2746:20
[SO 2859-1,

15, Vitreous and porcelain enamels — High voltage test

Sampling procedures for inspection by attributes — Part 1: Sampling schemes indexed by

acceptance ¢

ISO 4532, I
impact — Pi

ISO 6370-2,
in mass afte

ISO 6769, Vi
Mohs scale

[SO 8289-1:]
Part 1: Swal

ISO 15686-1
framework

[SO 19496-1

ISO 28706-]
— Part 1: Dé

ISO 28706-2
Part 2: Dete
liquids and/(

[SO 28706-3
Part 3: Dete
tetragonal g

ISO 28706-4
— Part 4: D¢

[SO 28763:2
and gas-gas

uality limit (AQL) for lot-by-lot inspection

itreous and porcelain enamels — Determination of the resistance of enamelled)aiticl
stol test

Vitreous and porcelain enamels — Determination of the resistance to abrdsion — Part 2
" sub-surface abrasion

treous and porcelain enamels — Determination of surface scratch“hardness according t

020, Vitreous and porcelain enamels — Low-voltage test fof. detecting and locating defeq
test for non-profiled surfaces

, Vitreous and porcelain enamels — Terminology — Part 1: Terms and definitions

:2008, Vitreous and porcelain enamels =, Determination of resistance to chemical corr
termination of resistance to chemical corrosion by acids at room temperature

:2017, Vitreous and porcelain enamels — Determination of resistance to chemical corrosi
rmination of resistance to chemical corrosion by boiling acids, boiling neutral liquids, alK
r their vapours

:2017, Vitreous and porcelain enamels — Determination of resistance to chemical corrosi
rmination of resistance)to chemical corrosion by alkaline liquids using a hexagonal vesse
[ass bottle

1:2016, Vitregus-and porcelain enamels — Determination of resistance to chemical corr
terminatiotref resistance to chemical corrosion by alkaline liquids using a cylindrical ves:

019, Vitreous and porcelain enamels — Regenerative, enamelled and packed panels for ai
heat éxchangers — Specifications

, Buildings and constructed assets — Service life planniing — Part 1: General principle§

es to

Loss

o the

o~

S—

and

Dsion

bn —
aline

bn —
[ or a

psion
bel

r-gas

EN 1998-4,
pipelines

Eurocode o — Design o structures jor edrinquake resistance — rart 4. S1I0S, LANK

and

EN 10209:2013, Cold rolled low carbon steel flat products for vitreous enamelling — Technical delivery

conditions

ANSI/AWWA D 103, Factory-Coated Bolted Steel Tanks for Water Storage

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 19496-1 and the following
apply.

2 © IS0 2022 - All rights reserved
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[SO and IEC maintain terminology databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

31

brief

working document which specifies at any point in time the relevant needs and aims of the project,
the resources to be provided by the client (3.2), the details of the project and any applicable design
requirements within which all subsequent briefing (when needed) and designing can take place

3.2
client
perspn or organization that requires a tank (3.18) to be provided, altered or extended)and isjresponsible
for injitiating and approving the brief (3.1)

3.3
defeft
void,| break, crack, discontinuity, blister, foreign inclusion or contamination of the vitrgous enamel
coating

34
designer
perspn or organization responsible for stating the shaperand specification of the component to be
designed

3.5
design life
servite life (3.17) intended by the designer (3.4)

3.6
discontinuity free
vitreous enamel coating which does notallow an electric current to pass through to the stelel substrate

3.7
enarmel supplier
perspn or organization supplying materials for use by the vitreous enameller (3.19) in thq enamelling
process

3.8
freeboard
distgnce between'the top of the cylindrical-tank vertical shell wall and the surface of the contained
liquiq (3.11) at the specified operating level

3.9
headspace pressure
pressure within a rooied tank (3.18) above the stored liquid (3-11)

3.10

inspection area

area inside a boundary 25 mm from any panel edge or hole and outside a boundary 25 mm from any
opening or hole within the body of a panel

3.11

liquid

bulk substance that exerts substantially the same vertical and horizontal pressures and has no fixed
shape

©1S0 2022 - All rights reserved 3
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maintenance
combination of all technical and associated administrative actions during the service life (3.17) to retain
a tank (3.18) or its parts in a state in which it can perform its required function

3.13

manufacturer
person or organization that manufactures the tank (3.18) or parts of the tank

3.14
purchaser

person or or
Note 1 to ent

3.15

rectification

return of a {
worn, damal

3.16
supplier
person or ot

3.17

service life
period of ti
performanc

3.18

tank
cylindrical,
curved vitre
mounted on

3.19

vitreous en
person unds
enamel coat

Note 1 to ent

4 Symbg

For the pury

H iy L. H oo L2 10\ £l L (2 1.0
saulaquuu Pul Lllqbllls LIIC curin l_J-LUj ITUIIT LIIT DM[J[J((CI \_J-lUJ

'y: The purchaser can also be the client (3.2).

ank (3.18) or its parts to an acceptable condition by the renewal, replacement or rep
ped or degraded parts

ganization that supplies the tank (3.18) or parts of the tank

me after installation during which the tank (3@8) or its parts meets or exceed
P requirements

vertical shell for containing liquid (3.11);"with or without a roof, which is constructed
ous enamelled single or laminated steel panels bolted together on the construction sit
a base which can also form the floor of the container

ameller
rtaking and controlling.the process of preparing the steel sheets and applying the vity
ing to the surfaces of.the steel sheets

Fy: The vitreous,emameller will normally be the manufacturer (3.13).

)]s

oses of this document, the following symbols apply.

hir of

5 the

from
b and

eous

D

tank diameter
Young's modulus of elasticity
static hoop force

acceleration due to gravity

possible filling level

total vertical wall height

length of shell between intermediate stiffeners

depth ofliquid at point under consideration, measured from the liquid surface at the maximum

© IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=bce195b1be86e9fa17f0453139e850f7

ISO 28765:2022(E)

I, second moment of area of a stiffener

Ph headspace pressure

Pn hydrostatic pressure

r tank radius

Qrcr critical external buckling pressure

Qwmax maximum stagnation pressure due to wind
t shell plate thickness

v Poisson's ratio

w proportion of dissolved solids in sludge

Y maximum partial load factor

p relative density of a liquid

Ps relative density of sludge

Pds relative density of municipal sewage sludge
o stress

Oy cr critical axial buckling resistance

cr (subscript) critical

ds (subscript) dissolved solids

h (subscript) headspace

max (subscript) maximum zalue

n (subscript) normal+to the tank wall

S (subscript)-studge

w (subsctipt) wind

yA (subscript) coincident with the central axis of a shell of revolution
5 Units

The use of one of the following sets of consistent units is recommended.

dimensions: m, mm

unit weight: kN/m3, N/mm3

forces and loads: kN, N

line forces and line loads: kN/m, N/mm

pressures and area-distributed actions: kPa, MPa (1 MPa = 1 N/mm?2)

© IS0 2022 - All rights reserved
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unit mass: kg/m3, kg/mm3
acceleration: km/s2, m/s2
membrane-stress resultants: kN/m, N/mm
bending-stress resultants: KNm/m, Nmm/mm
stresses and elastic moduli: kPa, MPa

6 Inform

6.1 Genefal

For the safe
be agreed b

6.2 Infor

The purcha

the followinig:

a) The spe
1) the
2) the
3) any]
4) the
b) The eny
1) win
2) seid
3) sno
4) ice;
5) teni

c¢) The use

design and manufacture of the tank and associated parts, the brief and specification
tween the contracting parties.

mation to be provided by the purchaser

ber shall provide the supplier with a specification that shall,include, but not be limitg

cification of the stored liquid that shall include, but not:be limited to, the following:
name and/or a description of the liquid;

relative density;

relevant properties or characteristics particular to the liquid to be stored;
operating-temperature range.

ironmental conditions that shall'include, but not be limited to, the following:

d;

mic action;

W3

perature-ranges.

and planned dimensions of the tank that shall include, but not be limited to, the follow

1) the

rates of fill and discharge;

2) asummary describing the purpose of the tank and its method of operation;

3) the
4) the

net effects of the process on the tank or any of its components;

tank dimensions.

d) The planned location of all openings in the tank shell and roof.

e) Attache

d equipment:

1) method of attachment;

2) dea

d and live loads;

shall

d to,

ing:

© IS0 2022 - All rights reserved
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3) connections.

f) The proximity of other tanks and buildings.

6.3

Information to be provided by the designer

The designer shall provide essential data concerning the design limitations of the tank that shall

inclu

de, but not be limited to, the following:

a) the name and a description of the stored liquid or liquids;

b) tharanaga oftha ralativuo dancitine aftbha ctarad lionid Ao de.
Re-Faige-er+taereraave-aensitesor+tae-Stereeat 1 1t 1

c) 1

d)
e)
f) 4
g) 3
7 1
All a

Systq

The
desig
stan

The

he limits of the environmental criteria used in the design, including, where relevant
vind speed, the design operating-temperature range, the design snow load anid the §
ind seismic coefficients;

he maximum access and superimposed loads used in the design;
| maintenance plan conforming to the requirements of ISO 15686-F;
ruidance concerning change of use;

111 relevant data assumed by the designer in the design process.

Applicable standards

ctivities specified in this document shall be carried out under an appropriate quality 1
m (e.g. ISO 9001[11),

lesigner and client shall agree, throughconsultation, upon the applicable standards tq
n purposes. Where provision is not made within this document, other international
lards may be specified.

ofpa[[ameters for the following design procedures:

hipplicable standards agreed upon shall include, but not be limited to, standards prov

, the design
eismic zone

nanagement

be used for
or national

ding details

a) lhydrostatic loads;
b) ind loads;

c) deismicloads;

d) 4Jccess loads;

e) $now loads;

f) tainloads;

g) load factors;

h) sheet strength calculations;

i) bolt strength calculations;

j)  stability calculations;

k) foundation design.

©ISO
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8.1 General

All tanks and supporting structures shall be designed on a “limit state design” basis.

8.2 Contents

8.2.1 Gen

eral

Loads due t§ the liquid shall be calculated considering:

the rela

a)

b) the geometry of the tank;

the max

c)

If the liquid
relative den

ps =1+

where py, is

8.2.2 Freq

The freeboalrd used for design purposes shall be as agreed between the client and the designer.

Where the {
the sloshing
equipment 3

8.2.3 Hyd
Determine t

pn =HX

8.2.4 Axial wall forces

Live density of the specified range of liquids to be stored in the tank;

imum possible depth of the liquid in the tank.

to be stored is sludge, and unless reliable or measured data are provided, the value
sity of the sludge, p, may be estimated by simple proportion using\Formula (1):

w (pds - 1)

taken as 1,9 in the case of municipal sewage sludge.

eboard

ank is designed for seismic conditions|_sufficient freeboard shall be provided to co

wave shall be determined from theé-applicable standard. This shall take account o
nd structural members in the top-0f-the tank.

rostatic pressure
he hydrostatic pressure, p,,, in kPa, acting on the tank shell at depth H using Formula (
PXg+DPn

11 forcesper unit shell width shall be determined taking account of the following:

t dead weight;

f the

M

ntain
[ any

AR
(2)

The axial w3
a) thetanl
b)
c)
d)

the imposed load;
the axial tension and compression due to the wind overturning moment;

the axial tension and compression due to seismic actions.

8.2.5 Filling and discharging

The method of filling and discharging the liquid can affect the load and shall be considered by the
designer. These influences include, but are not limited to, the following:

a)

the filling position: the inlet stream impinging on the tank wall;

© IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=bce195b1be86e9fa17f0453139e850f7

ISO 28765:2022(E)

b) completion of discharge: the risk of a hydrodynamic “water hammer” effect if the outlet is closed
rapidly;

c) fatigue: the effect of the frequency of the filling and discharge cycles;
d) pressure and/or partial vacuum;
e) venting;

f) rapid changes in temperature.

8.3 —Tank structure

The fdead load shall be determined as the total weight of all structural components.and permanent
fittings.

8.4 | Roof

The tank designer shall take account of all forces on the tank shell from)the roof. Thesq forces may
inclTe, but are not necessarily limited to, the following:
i

a)

b) ¢oncentrated in-plane and radial forces resulting from stfuctural features of the roof;

stributed in-plane and radial forces transmitted by structuralt'oof members;

c) 4Jsymmetrical forces due to uneven distribution of imposed roofloads;

d) forcesinduced in the roof by differential settlemént of the foundation.
8.5 | Equipment loads

8.5.1 General

In thle calculation of the total load on/the tank, the designer shall take into account the pffect of the
attaghed equipment for both static.and dynamic loads.

8.5.2 Static load

The [static load of any-€quipment attached to the tank shall be determined as the wegight of the
equipment, including-associated mounting fixtures and any liquid within the equipment, ap advised by
the gurchaser.

8.5.3 Dynamicload

Thejlynamic forces caused by any equipment shall be determined, where applicable. They may include,
but aremot necessarily limited to, the following:

a) starting and operating forces from any rotating or moving piece of equipment mounted on or in the
tank;

b) forces imposed on the tank or its attachments from installed process equipment (e.g. forces from
restraining cables of floating aerators);

c) forces imposed on the tank or its attachments due to the operation of installed process equipment
(e.g. forces on attached baffle plates due to forced movement of the tank contents).

8.6 Access

Where a roofis not designed to be accessible other than for normal cleaning and repair, the roof shall be
designed using a uniform load of 0,6 kN/m?,

©1S0 2022 - All rights reserved 9
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Where the roof is designed to be accessible, it shall be designed using an imposed load appropriate for
the intended usage taken from the applicable code but not less than1,5 kN/m?2.

Unless otherwise specified, loads transferred to the roof from walkways and platforms shall be
assessed based on a uniform load appropriate for the intended usage taken from the applicable code,
but not less than 3,0 kN/m? applied to the walkway or platform.

8.7 Environmental

8.7.1 General

Environmer]

8.7.2 Seid
Where reley

The designe]

a)

b) vertical
c) sloshing
d)

e) dynami
Guidance on
ANSI/AW W/
version fror
AWWA D 1(

Codel19] may

8.7.3 Win

The wind sf
standard fo}

8.7.4 Sno

Where appl

site location).

tal loads shall be determined taking into account the design life of the tank.

mic action
ant, seismic action shall be determined from the applicable standard.

 shall consider the following as a minimum requirement:

horizonltal acceleration;

acceleration;

F of the contents;

the anchorage method;

c ground response.

the determination of seismic action can befound in the International Building Code,|

A D 103 and in EN 1998-1[5] and EN 1998-4. When applying ANSI/AWWA D103, the ]
h which seismic data for the site location is available shall be used. When applying A
3 in locations outside North America, zones determined from the 1997 Uniform Bui
 be taken as equivalent.

d

eed and pressure torbe-used for design purposes shall be determined from the appli
" the site location.

w

cable, the load induced by snow shall be determined from the applicable standard fo

8.7.5 Ice

L1 in
atest
NSI/
lding

rable

r the

Where applicable, the load induced by ice on the roof shall be determined from the applicable standard
for the site location.

8.8 Ancillary items

The designer shall take account of the forces from ancillary items such as ladders, platforms, valves and

machinery.

10
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9 Design

9.1

General

The design of the tank shall be carried out using a “limit state design” approach. Design life assessment

shall

9.2

be based on ISO 15686-1.

Steel

9.2.1 Specification

The
steel

NOTH
gradd
succd

9.2.2

The
prop

The
regu
95 9%

Whe

steel used shall have a specification, as agreed between the manufacturer, the desig
supplier, having due regard to the requirements of the enamelling process.

Steels conforming to the requirements of EN 10111,[Z1 EN 10025-1[e] and EN-10149-1
s DD 11, S235, S420, S460, S500, S550 and S700), ASTM A 1011[2] and other standards
ssfully for vitreous enamelling with appropriate pre-treatments.

Effects of the enamelling process

designer shall take account of the effects of the vitreous{enamelling process on
erties of the steel and shall make details of such effects available to the client on reque

effect of the enamelling process shall be assessed and'monitored over a period of t
ar and documented test regime from which steel strength properties can be pred
confidence level.

e regular and documented testing is notocarried out, the yield and tensile strer

enanpelled steel used for design purposes shall*be reduced by 30 % from the guaranteq

strer

9.3

9.3.1

gths confirmed by the steel manufactuger.
Tank

Load factors

The load factors used in the design process shall be taken from Table 1.

Table 1 — Load factors

ner and the

(8] (including
can be used

he strength
St.

me, using a

cted with a

gths of the
d minimum

Basic load case Maximum partial lpad factor

14
Dead load 1,4
Dead lodd acting with wind load, seismic load or imposed load 1,2
Liquldldad 14
Imposed load 1,6
Imposed load acting with wind load 1,2
Wind load 1,4
Wind load acting with imposed load 1,2
Snow 1,4
Snow load in determining seismic loads 0,2
Snow load acting with seismic load 0,2
Seismic load? 1,0
Any load when the action is beneficial to the load case being considered 1,0
a  Seismic actions need not be considered to act under test conditions.

©ISO
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k walls

9.3.2.1 General design

The walls of the tank shall be designed to resist the most demanding load combination.

The tank walls shall be designed to resist the forces and moments due to the connection to the

foundation,

including any nonlinear and stability effects.

For the purposes of this document, wall friction forces due to the stored liquid are small and may safely

be ignored.

9.3.2.2 Hg¢

The hoop f
configuratid
action.

9.3.2.3 St

Determine t
FH =DPn

9.3.2.4 S¢g

The design
requiremen

a) hydrody
b) axial sh
c)

The design
AWWA D 10

lateral 4

Where the (
as charactel
and bucklin

pop force

prce used in the determination of the shell plate thickness and vertical: bolted
n shall take into account hydrostatic pressure and hydrodynamic pressusecdue to se

atic
he hydrostatic hoop force per unit height, Fy;, in kN-m1, at any lével using Formula (3)

D
X —
2

ismic

method employed by the designer shall take account of the following as a mini
[:

Fnamic hoop forces;
pll-compression and tension forées;

nd vertical anchorage forces.

pf tanks for seismic resistance shall be in accordance with EN 1998-4 or Section 12 of A

3.

lesign is in accofdance with ANSI/AWWA D 103, the loads determined shall be consig
istic loads, factored using load factors from Table 1 and compared to limit state capa
b resistances.determined in accordance with this document.

9.3.2.5 Boltedjeints

Bolts subjedq

joint
smic

(3)

mum

NSI/

ered
rities

t to' shear forces shall be designed such that they are able to transmit forces betwee

n the

shell plates which they connect. The bolt shall be proportioned such that the joint shear plane does not
pass through any part of the thread or the thread run-out.

The vertical bolted joints between shell plates shall be designed to transfer the design hoop force

between adj

The vertical

a)

acent shell plates.

bolted joints shall be designed taking account of, as a minimum, the following:

the tensile stress on any net section through any structurally continuous sequence of bolts;

b) the bearing stress on the steel plates connected by the bolts;

c)

the bearing stress on the bolts;

d) the shear stress in the bolts.

12
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The hole bearing strength of the steel may be determined by testing or may be taken from the applicable
standard for the steel being used. Where the bearing strength is determined by testing, details of the
test method shall be made available to the client on request.

The bearing strength and shear strength of the bolts shall be taken from applicable standards and/or
manufacturing bolt specifications that refer to applicable standards.

It is essential for tank structure(s) to be constructed in accordance with the tank manufacturer’s
guidelines in order to ensure that the bolted joints transmit the design hoop force across the shear
plane of the bolt as intended by the design.

9.3.2°6 Axial wall forces

The ¢lesigner shall consider the effects of axial wall forces on the axial buckling resistance of the tank
shell} The effects of axial load combined with external wind pressure, roof live lpads’and pny internal
partijal vacuum due to operational procedures or to the effects of wind-induce@dsuction gt roof vents
shalljalso be considered.

The [critical axial buckling resistance shall be determined by rigoroQs) analysis. Criti¢gal buckling
strengths determined in accordance with EN 1993-4-2[4] may be considefed to satisfy this requirement.

Alternatively, the critical axial buckling resistance, o, ., in MPa, may-be determined using formula (4):

t
yer =0,3><E><; (4)

Second-order effects can be present due to irregularitiés in the shell, particularly with large-diameter
tanks, and the designer shall take account of these effects, where relevant.

9.3.2.7 External wind pressure

The designer shall consider the effects of'external wind pressure on the following, with the¢ tank in the
empty condition:

a) the external pressure buckling;

b) the circumferential bending of the tank shell caused by wind pressure variation;
c) the axial shell tension-and compression;

d) the overturningtesistance of the tank hold-down system.

The dlesigner shiall'take account of the proximity of other tanks and buildings.

The resistafice to external wind pressure buckling may be determined by rigorous analysiq. Resistance
to exterfial wind pressure buckling determined in accordance with EN 1993-4-1 or EN 1993-1-6[2] may
be takep to satisfy this requirement.

Alternatively, the critical external buckling pressure, Gy cp 0 MPa, may be determined using Formula (5):

2 3.2
Et 1 t
— 4
Gr,cr =0,8X Ir (1_‘/2 j 2 (5)

Formula (5) shall be applied to the shell between the top shell stiffener and the first intermediate
shell stiffener (or the base of the tank where no intermediate shell stiffeners are fitted), and to each
successive portion between any subsequent intermediate shell stiffeners. Where the portion of shell
under consideration is of non-uniform thickness, the mean thickness shall be used.

©1S0 2022 - All rights reserved 13
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When comparing this resistance to the wind pressure acting on the tank, the wind pressure shall be
taken as equal to the maximum wind pressure in the radial direction acting equally around the full
360° circumference of the tank.

The designer may consider a reduced wind speed when designing for test conditions.

The effect of the vitreous enamel coating may be included in the calculation of shell stiffness in radial-
buckling design provided the effect is demonstrated by rigorous analysis.

9.3.2.8 Top shell stiffener

For open-toj ; port
to prevent fjadial buckling of the tank shell. The top shell stiffener may be proportioned by gigarous
analysis takiing account of both ring buckling and bending effects. A top shell stiffener proportioned in
accordance with EN 1993-4-1[3] may be deemed to satisfy this requirement.
Alternatively, the second moment of area of the top shell stiffener, I,, in m*, may be proportioned yising
Formula (6)
3
I, = qwnax Hor (6)
6E
Additionally, for tanks fitted with a roof, the size of the top shell stiffener shall take account df the
magnitude dnd distribution of the forces imposed by the roof structure and any fittings.
9.3.2.9 Intermediate shell stiffeners
Any intermaqdiate shell stiffeners may be proportioned by rigorous analysis such as to provide sufficient
support to prevent radial buckling of the ring or group*of rings of the tank shell over which it can be
shown to b¢ effective. Intermediate shell stiffener§)proportioned in accordance with EN 1993-4-1[3]
may be deerhed to satisfy this provision.
Alternatively, the second moment of ared of the intermediate shell stiffeners, I,, in m#% mdy be
proportionegd using Formula (7):
3
Qw | Ir

I — max 7

‘ BE (7)
where [ is the length between-intermediate stiffener rings or between the lowest intermediate stiffener
ring and thg bottom of the-tank.
9.3.2.10 Thermal
The design |of- the tank structure shall consider the consequences of thermal effects (displacement,
strain, curv e esses-forcesand-moments}-dueto-the-tempe ecitterence bebweenthestored

liquid and the

tank structure and/or between the external environment and the tank structure. The

designer shall also consider the effects of ice formation on the surface of the stored liquid.

9.3.2.11 Internal pressure

For roofed tanks, the designer shall take account of the effects of internal pressure on the design and
thickness of the tank walls.

9.3.2.12 Internal vacuum

For open-top tanks, the designer shall take account of the partial vacuum generated inside of the tank
due to the effects of wind and shall combine these with the external wind pressure when designing the
tank shell.
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For roofed tanks, the designer shall take into account any internal vacuum resulting from the operating
conditions and from the action of wind pressure and suction on any roof vents, and shall combine these
with the external wind pressure when designing the tank shell. These effects shall be considered with
the tank in the empty condition.

9.3.3 Tankroof
As a minimum requirement, the designer shall take account of the following:

a) the dead load;

b) l}lC Iivc IUdd. SIIUW, dULTSS, W illd, I clill, DCibllliL,
c) theinternal pressure and vacuum;
d) Ttoof openings;

e) the compression and tension in any structural stiffening member fitted-to)the tank atfits interface
yith the roof.

9.3.4 Attachment of walls to floor

The fonnection between the tank walls and the tank base shall‘be designed to transmit|the vertical
forcegs in the tank walls and the horizontal shear forces and behding moments due to liquid loads, wind
loadg, seismic loads and internal pressure to the foundation.

9.3.§ Tank floor

9.3.5.1 Concrete

Unless a surface coating or treatment is to*be applied, the concrete used to form the flooy of the tank
shalllbe waterproof.

9.3.53.2 Vitreous enamelled steel plates

All vitreous enamelled floorplates shall be fully bolted along all seams. The number of bplts shall be
suffitient to ensure a waterproof seal in conjunction with a suitable sealant material.

NOTH A suitable sealis-one which adequately protects the bolted joint and is flexible, while curihg chemically
to fojm a homogenous-batrier.

9.3.5.3 Foundation

Where thesupplier is responsible for complete design and supply of the tank, including the foundation,
the client'shall provide the supplier with site soil survey data as necessary.

The manufacturer shall furnish plans for the connection of the tank to the foundation, including
shear loads, where critical, if requested by the purchaser, and containing all relevant details to allow
the foundation to be designed for the specific site conditions. The foundation shall be designed in
accordance with the applicable standard. An exclusion zone for reinforcing bars may be specified in
the foundation at the location where the tank and foundation are connected in order to facilitate the
installation of the hold-down system or to avoid the risk of establishing a galvanic cell.

As a minimum requirement, the designer shall take into account the following:
a) the dead load;
b) the live load;

© IS0 2022 - All rights reserved 15
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n the

c) the tank/foundation interaction forces (moments and shear forces), including any nonlinear and
stability effects;

d) the expansion of the tank shell under load;

e) environmental loads (wind and seismic);

f) thermal expansion;

g) the soil conditions at the proposed construction site and the potential for differential settlement;

h) the ability to achieve requirements for the foundation surface level as specified within the tank
manufafturer’s guidelines.

9.3.6 Andillary items

Where ancillary items are required for access or safety, the client and the supplier shall‘agree upo

applicable standard.

9.3.7 Cathodic protection

Where routi

or ongoing process requirements, then it may be beneficial for the client‘to consider the installati

a suitable ¢
shall be des
for example

The designe]
a) theelec
b) the ares
c) theelec

the four
d) the curq
NOTE S3

and easy to imstall solution.

9.4 Openjings

94.1 Acc

For roofed {
between thq

ne inspection and maintenance is impractical due to access limitations, commercial fa

hthodic-protection system to provide additional security? The cathodic-protection sy
gned and installed by an engineer registered with a national or international organizg
the National Association of Corrosion Engineers International (NACE).

 of the cathodic-protection system shall take into account the following:
trical resistivity of the stored liquid;
of exposed steel surface;

trical connectivity between the tank contents, the tank structure, the foundation cong
Jdation-reinforcing steel and submerged ancillary steel items;

ent density required to inhibit corrosion when selecting the material for a sacrificial a1

crificial-anode-type cathodic-protection systems provide a relatively simple, low-cost, manag

£SS manway

ankKs, at least one low-level access manway shall be provided. The location shall be ag

ctors
pn of
stem
tion,

rete,

hode.

eable

reed

client and the supplier.

For open-top tanks, the positions for any required access manways shall be agreed between the client
and the supplier.

Any remova

ble cover shall be attached with a hinge or other supporting device.

9.4.2 Pipe connections

The size of pipe connections and their point of attachment to the tank shall be agreed between the
client and the supplier.

16
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9.4.3 Overflows

The tank shall be equipped with an overflow of a capacity and at a location to be agreed between
the client and the supplier. The overflow shall be designed such that it does not produce any negative
pressure inside the tank and roof structure and such that there can be no contamination of the inlet

wate

r by back-syphoning.

A suitable air gap may be necessary between the overflow and the inlet connection. This shall be the
subject of agreement between the purchaser and the supplier.

9.4.4 Reinforcement of manways and pipe connections in the tank shell

All o
ares

ubject to hydrostatic pressure shall be reinforced.

The minimum net cross-sectional area of the reinforcement, allowing for any boltheles, sha

than
desig
lie w
part

9.4.5

9.4.5

The 1
shall

Roof
acce;s
shou

the product of the maximum vertical dimension of the hole cut into the tankishell and tl
n shell thickness. In addition to the saddle(s), only those elements of the Teinforceme
ithin a distance of four times the thickness of the neck from the shell plate may be con
of the reinforcing area.

Connections in the roof

.1 General
ize of the roof opening and pipe connections and.the points of attachment of the pipe

be specified and agreed between the client and supplier.

s to the internal areas of a tank should-be available using ground level openings. Rq
Id be omitted entirely where possible: If roof openings are not omitted openings

250 mm shall be provided with a suitable safety device to prevent unauthorized access.

9.4.5

Whe
vacu
tank

With|

.2 Venting

Fe the roof forms a gasrtight seal with the tank, the roof shall be fitted with a vent ¢
um relief device of acapacity to prevent the pressure/vacuum exceeding the design 1
shell or roof under®he most extreme normal operating conditions.

closed tanks,£he"design of the venting shall take into account all relevant operationa

including, but notdimited to, the following:

a)
b)

he addition and extraction of liquids;

he’build-up of internal pressure or vacuum from environmental or process factors;

penings having a minimum dimension greater than 100 mm, cut into any section of tPlle tank, that

[l not be less

e minimum
nt neck that
sidered as a

connections

openings should be considered for inspeetion and emergency access/egress use opnly. General

of openings
wider than

r pressure/
mits for the

| conditions,

c) screening to prevent the ingress of birds, animals or insects;

d) the symmetry of the air flow from the tank plan area.

Vents fitted with screens require regular inspection and cleaning in order to maintain their efficiency.

9.5

Effects of accidents

9.,5.1 Riskassessment

The client shall provide all relevant history of the potential risk involved in dealing with the product to
allow due account to be taken by the designer of the tank and supporting structure. The designer shall
consider at least the following indicated in 9.5.2 and 9.5.3 where applicable.

©ISO
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losions

The potential damage from an explosion shall be limited or avoided by taking appropriate measures,

such as:

a)
b)

incorpo

incorpo

rating sufficient pressure-relief features;

rating suppression measures;

c) details of maintenance and cleaning routines;

d) safe selection of electronic equipment to avoid possible ignition sources.

9.5.3 Und

The client s
stream chay
rate and any

10 Vitreo

10.1 Vitre

The vitreou
enamelling

requiremen
The vitreou

enamelled materials in accordance with Tables 2 and 3, and shall make certified copies of these reg

available fo

All raw mat

as described in this clause and shall be agreed-between the manufacturer and the material sup|

having due i

10.2 Coati

The vitreou
meet the mi

The client shall satisfy himiself that the vitreous enamel coating is suitable for the intended purpogde.

Prior to the

10.3 Vitre

ontrolled fluctuation in input stream characteristics

nall make the designer aware of any history of significant accidental fluctuations of
acteristics from the agreed specification in respect of temperature, chemical nature,
 other characteristic likely to affect the tank design.

us enamel coating

pus enamel

5 enameller shall specify the requirements for all raw:materials to be used in the vity
process and ensure that they will produce a coatingthat will meet the minimum qy
s listed in Tables 2 and 3 when processed through‘the intended vitreous enamelling
5 enameller or the enamel supplier shall carry out tests and record the conformity g

subsequent inspection.

brials used in the production of vitrepus enamel-coated panels shall meet the specific

egard to the requirements of the énamelling process.

ng

5 enamel coating used on any panel surface coming into contact with the stored liquid
himum quality requirements shown in Table 2.

vitreousenamel coating, the steel shall be free of all oil, lubricants and other contamin|

pus.enamel quality

nput
flow

eous
ality
lant.
f the
ords

htion

[plier,

shall

ants.

10.3.1 Preparation and test frequency

Test specimens of vitreous enamelled steel shall be prepared and tested at least at the minimum
inspection frequency specified in Table 2 to ensure that the enamel coating meets the relevant quality

requirement

s set out in Table 2.

10.3.2 Inspection

10.3.2.1 Sampling procedure

Where inspection is carried out using sampling, a sampling procedure conforming to the requirements
of ISO 2859-1 shall be used. Test apparatus shall be calibrated using calibration instruments having an

accuracy of

18

+1 %. Test apparatus shall have valid calibration records.
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10.3.2.2 Finished panels

10.3.2.2.1 General

Tests shall be carried out within the inspection area of the finished panel and shall meet the specification
as set out in Table 3. For the purposes of these tests, any panel surface coming into contact with the
stored liquid shall be treated as an inside surface.

Following the enamelling process, finished panels shall be inspected by the manufacturer on both the

insid

e and the outside surface under good daylight or equivalent artificial lighting.

10.3
The i

10.3

The
meas
with
rejed

10.3

The
the i

10.3
The

coatings.

2.2.2 Defects

nside and outside panel surfaces shall be inspected for defects as shown in Table'3.

2.3 Enamel thickness

thickness of the enamel coating shall be measured using an approved instrume
urement range of 0 pm to 500 pum. The thickness of the enamel ofi-any panel shall be
n the range shown in Table 3. Panels having an enamel thickness outside these lin
ted.

2.4 Enamel colour

olour of the outside enamelled-sheet surfaces and the colour tolerance limits shall h
terested parties. Conformity shall be determined-t’sing a colour comparator.

3 On-site rectification

manufacturer shall provide a procedure-for on-site rectification and on-site touch-up

nt having a
maintained
hits shall be

e agreed by

of damaged
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