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Foreword

[SO (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 procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the
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Introduction

From the beginning of the space age, structural integrity verification has been one of the main fields of
activity of experts in the domain of mechanics. Mission failure and potential danger to human life, expensive
ground constructions and other public and private properties are the most probable consequences of
a space structural integrity failure. Static strength is one of the most important critical conditions for
structural integrity analysis. It is usually the main criterion for space structure weight evaluation. If the
space structure is too heavy, the mission can be extremely expensive or impossible to achieve. If the space
structure is under-designed, it can result in mission failure, structural failure, leading to high risk associated
with safety of life, and loss of expensive hardware and other properties. It is therefore necessary to specify
unique requirements for static strength analysis in order to provide cost-effective design and light-weight,
reliable and low-risk structures for space application.
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Space

systems — Structural design — Stress analysis

requirements

1 Scope

This document provides requirements for the determination of maximum stress and corresponding margin

of safety
and detrin
crack grow
requireme

TTder toading amd defimes criteria for static strengtir faiture modes,; such a5 Tupta
hental yielding. This document does not cover critical-conditions-induced fatigue;
rths. Notwithstanding these limitations in scope, the results of stress calculations’bd
hts of this document are applicable to other critical condition analysis.

This documnent is applicable to the determination of the stress/strain distribution.'and margin

in launch
solid props
pressure v

In accorda
calculation
of loads, a
applied, it 1
2 Norm

The follow
requireme
the latest ¢

ISO 14622,
[SO 14623,

3 Term|
For the puj
ISO and IE
ISO On

IEC El¢
3.1

vehicles and spacecraft load-bearing elements design. Liquid propellant engine
tllant engine nozzles and the solid propellant itself are not covered| but liquid propel
pssels and solid propellant cases are within the scope of this docuient.

Ince with the requirements of this document, the models,/methods and procedureg
can also be applicable to the displacements and deformatignjcalculation, as well as the
pplied to substructures and structural elements under{consideration. When this d
s assumed that temperature distribution has been determined and is used as input da

ative references

ng documents are referred to in the text in\stich a way that some or all of their content
hts of this document. For dated references, only the edition cited applies. For undated
dition of the referenced document (including any amendments) applies.

Space systems — Structural design— Loads and induced environment

Space systems - Pressure vessels and pressurized structures — Design and operation

s and definitions
poses of this deciment, the following terms and definitions apply.

[ maintainteFminology databases for use in standardization at the following addresse

line browSing platform: available at https://www.iso.org/obp

ctropedia: available at https://www.electropedia.org/

e, collapse
creep and
sed on the

s of safety
Structures,
lant tanks,

for stress
calculation
bcument is
[a.

ronstitutes
references,

2]

A-basis allowable
mechanical strength value above which at least 99 % of the population of values is expected to fall, with a

confidence

3.2
allowable

level of 95 %

load

allowable stress
allowable strain
maximum load (3.18) that can be accommodated by a material or structure (3.31) without potential rupture
(3.25), collapse (3.5) or detrimental yielding (3.12) in a given environment

Note 1 to entry: The load can imply the corresponding stress or strain.
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Note 2 to entry: Allowable loads commonly correspond to the statistically based minimum ultimate strength, buckling
strength and yield strength, respectively.

Note 3 to entry: The allowable load shall be determined in accordance with the criteria formulated in 4.6 and the
requirements of 4.2.

3.3
basic data

input data required to perform stress analysis (3.30) and to determine margins of safety

3.4

B-basis allowable
mechanical strength value above which at least 90 % of the population of values is expected to fall, with a

confidenc

level of 98 0/3

3.5
collapse
failure mo
irreversibl

3.6
composite
combinatig

Note 1 to en
Note 2 to en

3.7

creep
process of
load (3.18)

Note 1 to er]
than the ult

3.8
critical co

most sever

e induced by quasi-static compression, shear or combined stress, accompanied by
b loss of load (3.18) resistance capability

material
n of materials different in composition or form on a macro scale

try: The constituents retain their identities in the composite.

try: The constituents can normally be physically identified;.arid there is an interface between

h permanent material deformation resulting from long duration under constant or sloy

try: The ultimate creep deformation, corsesponding to the loss of material integrity, is often
mate deformation in the case of short tithe loading.

ndition
e environmental conditien<in terms of load (3.18) and temperature, or combinati

imposed on a structure (3.31), system;’subsystem or component during its service life

39

critical lo¢

structural
structural

3.10
design saf
coefficient

ation
point at which wtpture (3.25), local buckling (3.20) or detrimental yielding (3.12) fiy
failure

ety factor
by which limit loads (3.17) are multiplied in order to account for the statistical variatic

very rapid

them.

ly altered

much larger

bn thereof,

st leads to

ns of loads

(3.18) and

f—v-nnl-nv'n (2 21) wes1ofﬂnna andinaccuracine 1:'\‘ tha lrnr\tnyler‘n—a ofthair ctatictical dictr

butions

3.11

JTToCTC == J T TotoTrct ot ot a T atIeo T TITC-ISTIOVY ST ot T St trotricar Oto Tt

destabilizing load

load (3.18)
3.12

that produces compressive stress at critical location (3.9)

detrimental yielding
(metallic structures) permanent deformation specified at the system level to be detrimental

© IS0 2024 - All rights reserved
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development test
test to provide design information that can be used to check the validity of analytic technique and assumed
design parameters, to uncover unexpected system response characteristics, to evaluate design changes,
to determine interface compatibility, to prove qualification and acceptance procedures and techniques, to
check manufacturing technology, or to establish accept/reject criteria

3.14

flight-type hardware test
test of a flight structure (3.31) article, a protoflight model, a representative special model or a structural
element fabricated with the same or close to flight hardware technology

3.15

gauge
thickness
significant

3.16
knockdow
empirical g
loads (3.2)
structures
(3.30) datd

3.17
limit load
maximum

3.18
load
volume for
caused by 1

Note 1 to en
element, pry

3.19
loading ca
particular

can occur flor some parts of structure (3.31) at the same time during its service life

3.20
local buck
failure mo
to detrimel

Note 1 to entry; Local buckling is not considered as a critical condition (3.8) if the structure (3.31) can

normally dy

br other structure (3.31) dimension that affects stress levels and/or margin dff sd
y

n coefficient

oefficient, other than design safety factor (3.10), used to determine analytically actual g
as well as allowable stresses or strains, and defined on the basis‘of test results of

(3.31), model structures or structural elements as compared with-corresponding str

foad (3.18) that can be expected during life cycle of the)structure (3.31)

ce or moment, concentrated and/or distributed over the structure (3.31) surfaces or
ts interaction with environment and adjacent parts of vehicle, and accelerations

try: This includes pressure (3.23), external load and enforced displacement acted at considere
btension, inertial load caused by accelérations and thermal gradient.

se
condition described inerms of loads (3.18), pressures and temperatures combinati

ling

ptal yielding‘(3.12) or rupture (3.25) of that element

ring'and after loading.

fety (3.21)

r allowable
flight-type
bss analysis

structure,

d structural

ons, which

e that occurs when an alternative equilibrium mode of a structural element exists and can lead

be operated

3.21
margin of safety
Mg
L
Mg = [—A} -1
(fxLy)
where
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(3.5), local buckling (3.20)];

Ly

f

is the limit load (3.17);

is the design safety factor (3.10)

Note 1 to entry: Load can imply corresponding stress or strain.

3.22
minimum

allowable

minimum material mechanical properties warranted by the supplier

is the allowable load (3.2) under specified functional conditions [e.g. yield, rupture (3.25), collapse

3.23
pressure
external lo

Note 1 to en

3.24
primary s
part of a ve

3.25
rupture
loss of int4
attainment

3.26
semi-finis
product th

EXAMPLE

3.27
stabilizing
load (3.18)

3.28
static stre|
property g
combinatid
(3.12)

3.29
strength f
condition ¢
with stress|

ad (3.18) caused by fluid action on a structural surface

try: The terms “pressure” and “load” are sometimes referred to simultaneously in¢his docum

fructure

bority by structure (3.31) material differed from fatigue’ and ultimate creep (3.7) d
, which can prevent the structure from withstanding lead (3.18) combinations

hed item
ht is used for structure (3.31) manufacturing-ei‘assembling

Sheets, plates, profiles, strips.

r load
which decreases compressive streésses if applied in conjunction with destabilizing load

ngth
f a structure (3.31), (characterized by its capability to withstand loads (3.18) and tsg
ns without rupture(3.25), collapse (3.5), detrimental local buckling (3.20) and detrimen

pilure niode
f a strticture (3.31) or a structural element considered as a critical condition (3.8) in
analysis (3.30) results

bnt.

hicle that carries the main loads (3.18) and/or defines the fundamental resonance frequencies

bformation

s (3.11)

mperature
tal yielding

hccordance

3.30

stress analysis
analytical procedure to determine structure stress or strain distribution, deformations and margins of

safety

3.31
structure

primary structure (3.24), unit (3.34) attachments, pressure (3.23) or loads (3.18) carrying elements of
pressure vessels, loads carrying elements of appendages (solar panels and antennas)

© IS0 2024 - All rights reserved
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structural mathematical model
analytical or digital representation of the structure (3.31), which, as it is considered, could provide an
adequate description of structure behavior when loads (3.18), pressure (3.23) and temperature are applied

Note 1 to entry: The model should provide adequate description of the structure's response under loads/pressures/
temperatures.

3.33

ultimate load
limit load (3.17) multiplied by ultimate design safety factor (3.10) used for strength verification

3.34

unit
part of a vé
(3.31)

4 Requ

4.1 Gen

For struct]

hicle which is designed mainly to provide vehicle functioning and which differs from

irements

bral

ures used in space systems, such as launch and space vehicles, the stress an

correspondling determination of margin of safety for various static strength failure modes sha

requireme

Basic data
the succes;

Unless oth
results fro

hts specified in this document.

structural models, methods for stress analysis and strength criteria are considered
ful completion of these procedures.

brwise noted in 4.2 to 4.9 there are no limitations set out in this document that restric
m stress calculations for other applications,

4.2 Basilc data

4.2.1 Ge
Basic data
Basic data

structy

structy

loadin
loadin

4.2.2 St

neral

used for space structure stfess analysis shall meet the requirements included in this s
shall include all of the following information:

iral configuration;geometry and gauges;

iral materials)and their properties;

b case list load and temperature combinations, and corresponding design safety factoy
b case.

a structure

alysis and
|| meet the

critical for

t the use of

ubclause.

s for every

uctural configuration, geometry and gauges

4.2.2.1 Structural configuration, geometry and gauge data (with tolerances) used for stress analysis shall
correspond to drawings representing a relevant design stage.

4.2.2.2 The following factors shall be taken into account in choosing a particular thickness (minimum or
nominal) for stress analysis:

— conservatism of applied safety factors and knockdown coefficients;

— correspondence between applied thickness and procedure for knockdown coefficient determination;

— stress analysis results dependence on and sensitivity to thickness;

© IS0 2024 - All rights reserved
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— simplification of stress analysis procedure application;

linear or non-linear behaviour.

4.2.2.3 Structural configuration, geometry and gauge data (with tolerance) shall be provided to develop a
substantial analytical model and to perform stress analysis of a structure.

4.2.3 Structural materials and their properties

4.2.3.1 Thissubclause (4.2.3) refers to individual material properties both for structure and any individual
part of it (junctions) for which the stress analysis require allowable values.

4.2.3.2 A
design and
technology
analysis ar

4.2.3.3 M
into accouj
possible ag

If appropri
properties

4.2.34 A
margin of
would resy
elements w

When it is
values war

Nominal m

4.2.3.5 1

determine

Nominal n
arrangeme
or appenda

When equ
and appen
near corre

list of materials used for the fabrication of the structure and its elements shall corresj
technology documentation. The information about types of materials, semi-finished
processes shall be provided to evaluate possible variations of their properties usec
d determine margins of safety.

[aterial properties used for stress analysis and determination of margin of safety
1t manufacturing processes, temperature and other significant environmental effect;
ing during lifetime.

hte data are not available, special development tests shall be€enducted to evaluate cori

ppropriate ultimate and yield strength (for metal<only) material properties shall b
Kafety calculations. “A-basis allowable” values shall be used where failure of a singlg
It in loss of structural integrity. “B-basis allowable” values may be used for redundant
here failure of one element would result in a sdfe redistribution of applied loads to othe

difficult to obtain “A-basis allowable” and “B-basis allowable” values, the minimun{
ranted by the material supplier and approved by the procuring agency may be used.

odulus of elasticity and Poisson's'tatio shall be used for the stress analysis.

bond to the
items and
| for stress

shall take
, including

'esponding

e used for
b load path
structural
r elements.

allowable

inertia loads are applied afidicorresponding basic data are described in terms of accelerations or
gravity constant, inertia material properties and masses of units and appendages data shall be j

those inertia loads adequately.

aterial inertia propérties and nominal units and appendages masses and parametg

rovided to

rs of their

nts shall be usédfor stress analysis. When an attachment can be used for different types of units

ges, nominalvalues for the most unfavourable type of equipment shall be taken into a

:Iipment inertia scattering is considered significant, the most unfavourable combinatid

agesimasses and parameters of their arrangements shall be used for local stress analy|
sponding attachments.

ccount.

ns of units
5is in areas

4.2.3.6 Temperature effects on material and physical properties and thermal stresses shall be considered.

When appropriate, thermal stresses for materials with high ultimate strain (as compared with thermal
expansion) and low yield strength may not be taken into account. Alternatively, for such materials, it is
allowed to consider the limit (without the application of safety factor) thermal stress.

4.2.3.7 When loading which exceeds an elastic limit is permitted and loads values are sufficient to cause
significant nonlinear material behaviour, then corresponding stress-strain dependencies shall be used for
stress analysis.

© IS0 2024 - All rights reserved
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4.2.4 Loading data

Load data shall include:

— list of 1

oading cases;

— load and temperature combinations for every loading case.

Load data shall include the ranges in which loads and temperatures can vary simultaneously for every
loading case and every loading combination. Maximum loads values shall be limit loads.

Unless otherwise specified, load data shall meet the requirements of ISO 14622. Unless otherwise specified,
load/pressure data for metallic pressurized systems and overwrapped pressure vessels made of composite

materials s

hall meet the requirements of ISO 14623

Unless oth
minimum
to ISO 10
be higher.
specificati
specified,
composite

Subject to
classified

mecha|
pressy
therm

preten
4.3 Anal
4.3.1 An

4.3.11 BE
separately
(e.g. stresy
element lo

4.3.1.2 V

4.3.1.3 (
known tes

rwise specified, design safety factors shall meet the requirements of ISO 14622, wher
alues are established. Safety coefficients for beryllium structures should be adopted
86. Design safety factors used for stress analysis and determination of maggin of

n this case their values shall be specified by a contract, taking into accoust nation
ns, relevant experience and other design and verification requirements. Unless
esign safety factors for metallic pressurized systems and overwrapped pressure vess
aterials shall meet the requirements of ISO 14623.

SO 14622, the following types of external loads shall be taken into'account, which can b
S:

ical loads (quasi static or equivalent quasi-static loads.for stresses analysis);
re loads (or equivalent quasi-static pressure);
] loads;

sion loads.
lysis methodology and software
alysis methodology

ither closed form structural analysis techniques or numerical methods, such as fini
or in combination, can be used to perform stress analysis and calculation of margir
es are calculated.with a numerical method and margins of safety corresponding to
fal buckling are determined as closed form solutions).

Vhen numerical methods are applied, the required accuracy shall be demonstrated.

ommonly used stress analysis methods shall be verified by comparing calculation 1
data.

b only their
according
bafety may
hl industry
otherwise
bls made of

e generally

e element,
s of safety
structural

esults and

4.3.2 Software verification

4.3.2.1 Software used for stress analysis shall be verified by comparing the results of calculation with
analytical results and/or results obtained by using another verified software.

NOTE

Verification is not required for current international standard software.

© IS0 2024 - All rights reserved
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4.3.2.2 Verification procedures shall take into account typical structural models, boundary conditions,
loading conditions, materials applied, convergence and stability of numerical methods used.

When knockdown coefficients are used as input data for a software application, the software verification
shall be conducted without accounting for the comparison with purely analytical results.

4.4 Stru

441 Ge

ctural mathematical model

neral

When applied for stress analysis, the structural mathematical model shall be developed using appropriate
experience based on the results of flight-type hardware tests.

If such exf
tests shall

The struct
materials 4

Structural

4.4.2 Boundary conditions

Boundary
influence 1
loading co
represent |
and added

Notwithst:
conservati
provide a g

In general,
considerat

erience is not available or considered not applicable to a particular case, special \dg
be conducted for structural model validation.

ural mathematical model shall be developed to take into account the structural cor
pplied, loading, environmental conditions and type of analysis.

mathematical models shall be checked for correlation with availabletest data.

conditions are an integral part of the structural analyticalmiodel. The adjacent struct
pad transmission, stress distribution and collapse modé shall be evaluated to provid
hditions for the structure under consideration. When any applied boundary conditi
he actual stress distribution, the analytical model 6f‘the adjacent structure shall be
to the model of the considered structure.

inding that requirement, simplification of bouitdary conditions is permitted, such as
ve conditions or to effective stiffness; however, it shall be demonstrated that those sim
onservative result.

the adjacent structure model shallbe developed to be the same as the one for the strug
on, except that only stiffness and its load transmission should be modelled properly.

hardware

ture mathematical model check

b

velopment

figuration,

ures which
adequate
ns do not
developed

educing to
plifications

ture under

ical model

flight-type

dfabrication

technology. When approprlate experlence is not avallable or in case of doubt spec1al development tests shall

be conduct

4.6.2 De

ed for criteria validation.

trimental yielding

The margin of safety for detrimental yielding failure mode shall be determined for prescribed load
combinations presented in loading data. It shall be taken into account that a detrimental yielding failure
mode occurs when stress (strain) levels in the prescribed locations are equal to, or exceed, the corresponding
yield material properties.

© IS0 2024 - All rights reserved

8


https://standardsiso.com/api/?name=4ed610ceca7aeedfed769657b94839bc

ISO 16454:2024(en)

4.6.3 Rupture

Margins of safety for rupture failure mode shall be determined for any load combination presented in the
loading data.

It shall be taken into account that a rupture failure mode occurs when stress (strains) levels in any location
of the structure are equal to, or exceed, the corresponding ultimate material properties. When relevant and

justified, more sophisticated rupture criteria may be used.

4.6.4 Co

llapse

Margins of safety shall be determined for the collapse failure mode if compressive and/or shear stresses can

occur, whe

Criterion f

occurs for
operations

be taken in

4.6.5 Lo

When not
condition i
buckling o

parts, whe
parts) of t
level, marg

The criterion for this failure mode is the result of an appropriate buckling analysis application

buckling o
to manufa
knockdow

4.7 Criti

Loading cd
material o1

When mar;
loads, pres|

4.8 Detd

4.81 Ma
accordancg

n loads are varied in specified ranges.

br this failure mode is the result of an appropriate buckling analysis application) th
a given load combination. For collapse analysis, the initial deformations due to.marj
and thermal deformations due to temperature gradients shall be taken into.acCount
to account by the application of corresponding knockdown coefficients.

cal buckling

etrimental, post buckled structures are acceptable. Local bucklingis not considered :
f the structure can be operated normally during and after,loading. Margins of safe
all structural parts shall be determined if compressive andjfor shear stresses can ocg
n loads are varied within specified ranges. If the margin“of safety is below zero foy
e structure and local buckling is not considered as failure mode, and if it is acceptabl
ins of safety for other failure modes shall be determined with buckled elements accou

ccurs for given stresses combination. For loéal buckling analysis, the initial deform
rturing shall be taken into account. They may be taken into account by applying cor}
n coefficients.

cal location analysis

nditions and stress distribution analysis shall be carried out to define critical locat
structural elements are meost sensitive to a failure mode attainment.

pins of safety are determiined for every critical location, the most unfavourable comH
sures and temperatiies in frames of specified ranges shall be accounted for.

rminationmargins of safety

rgins of\safety (Mg) shall be calculated according to 3.21, where L, shall be det
withithe criteria stated in 4.6 and the requirements of 4.2.

at collapse
ufacturing
They may

IS a critical
'y for local
ur in these
a part (or
b at system
hted for.

, that local
ations due
'esponding

ons where

inations of

brmined in

The applic

tien of design safety factors is hased on the integral accounting of many different issi

es, such as

loads statistical distributions, accuracy of loads and stress analysis models, manufactory technology level,
capabilities of test methods and facilities to provide adequate loading conditions, etc.

Margins of safety express the margin of the ultimate load (f*L;) against the allowed load. Load may mean
corresponding stress or strain. In the case of significant influence of residual stress, this stress shall be
taken into account when the margin of safety is determined.

4.8.2 For collapse and local buckling, failure mode stabilizing loads shall be accounted for in conjunction
with design safety factor of 1,0. If not otherwise specified, minimum values of stabilizing loads (in the
prescribed ranges) shall be used instead of maximum ones in these cases.
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4.8.3 Margins of safety shall be non-negative for every loading case and loading combination specified in
basic data to demonstrate that a structure meets strength requirements.

4.8.4 Asan alternative approach, a reserve factor, (), may be determined according to Formula (1).

_La
(fxLy,)

T’:

The requirement 1 = 1,0 is mathematically equivalent to the requirement formulated in 4.8.3.

4.9 Report

As aresult
— basicd
— st
— sti
— st
— lin

— S

o)

— struct
— ra
— bo
— st
— fo
— faj
— st
— de
— summ
— in
— lod

— fai

of the stress analysIs activily, a stress analysis report shall be issued. The report shall
ata, including:

itus of structure configuration, geometry, gauges, materials;

uctural configuration, geometry and gauges;

ucture materials and their properties;

hit loads/pressures/temperatures for every loading case considered;
fety factors for every loading case and structure elements/considered;
iral mathematical model description, including:

Fionales for its choice;

undary conditions;

uctural mathematical model checks and-their results;

indation of closed form solutions applied;

lure modes considered;

ength criteria applied;

scription or references, related to methods and software applied;

hry of significant-analysis results including:

formation on’structural element considered;

ding case;

luré mode;

— Sa

Rl 1: PRI | 1
Cly 1dCLOI COITESPUITUILITY LU 1d1TUre mouc,

— margin of safety (or reserve factor);

— contribution of main loads in the margin of safety (if applicable).

Any additional margins applied shall be clearly indicated in the report.
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Annex A
(informative)

Structural mathematical model check

eral

puterized numerical methods are used for stress analysis, the structural mathemat

tical model

checks spe|

A.2 Mas

It should b,
approved S
1,0 % is pr

A.3 Cen

It should b
in approvg
difference

Cartesian s

A.4 Inel

It should b
indicated i
less than 3

A.5 Freé

To conduct

cified in A.2 to A.12 should be followed as far as possible.

s check

e checked that the total mass of the mathematical model does not diffefffom mass i
ystem documentation by more than the value of mass scattering allowed. A differend
bferable.

tre of gravity check

e checked that the centre of gravity of the mathematical model does not differ from thg
d system documentation by more than the value of centre of gravity scattering
less than 1,0 % of a corresponding dimension in an analysed structure, as measureq
ystem axis, is preferable.

'tia check

b checked that inertia tensor elements-values of the mathematical model do not differ f]
h approved system documentatipnby more than values of inertia scattering allowed. A
0 % of corresponding inertia tensor elements value is preferable.

p-free check

this check, lower ftequencies of the mathematical model are determined via an unc

modal analysis. It should be*checked that at least six frequencies are present with absolute

exceeding
used in the
structure (

A.6 Stra

0,005 Hz. Mofe)than six quasi-zero frequencies are present when additional mech
structural.model. The presence of additional rigid body modes should be explained
onfiguration.

in-energy check

hdicated in
e less than

tindicated
allowed. A
along any

rom values
difference

onstrained
values not
hnisms are
by specific

To conduct this check, rigid body modes corresponding to quasi-zero frequencies (see Clause A.5) are
determined for the mathematical model with free-free boundary conditions. Modes are normalized such
that displacements are equal to 1 m and rotations are equal to 1 rad. The strain energy matrix, E, is defined

as follows:

E=0,5

o .K.-d
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