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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 preecedures—tsed—to—developth ment-and-these—ntendedfor-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 documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documérntmay be the subject of
patent rights. ISO shall not be held responsible for identifying any or all sueh-patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as well ‘as’information about ISO's adhefence to the
World Trade Organization (WTO) principles in the Techinical Barriers to Trade (TBT) see wiww.iso.org/
iso/fpreword.html.

This|document was prepared by Technical Cemmittee ISO/TC 98, Bases for design of structures,
Subcpmmittee SC 3, Loads, forces and other agtions.

Any feedback or questions on this documrent should be directed to the user’s national standprds body. A
complete listing of these bodies can e found at www.iso.org/members.html.
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Introduction

This document provides requirements and guidelines for the design and assessment of structures in
relation to the possible occurrence of accidental actions induced by human activities. Fire and man-
made earthquake, however, are not included.

This document is fully aligned with ISO 2394 and gives information for risk informed decision making
and semi-probabilistic design and assessment. Like in most modern codes nowadays, attention is given
to explicit modelling of hazard scenarios as well as to more implicit safety measurements following

from robust

ness requirements.

This documlent aims at promoting harmonization of design practice internationally and unific

between th
structural

The princip
special clas
rational ma

The informd

respective codes and standards such as for actions and resistance for the respe
aterials.

les and appropriate instruments to ensure adequate levels of reliability provid

nner.

tive annexes included in this document provide support for the intérpretation and th

of the principles contained in the normative clauses.

htion
ctive

 for

bes of structures or projects where the common experience base needite)be extended in a

£ use

Vi
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Bases for design of structures — Accidental actions

1 Scope

Accidental actions can be subdivided into accidental actions with a natural cause and accidental actions
due to human activities. This document applies to reliability based and risk informed decision making
for the design and assessment of structures subject to accidental actions due to human activities.

How

The
rega
this
This
of pr

bver, fires and human-made earthquakes are not included.

nformation presented in this document is intended for buildings and civil enginee
dless of the nature of their application and the use or combination of materjals.The a
locument can require additional elements or elaboration in special cases.

document is intended to serve as a basis for those committees that are responsible
eparing International Standards, national standards or codes pf\practice in accoi

given objectives and context in a particular country. Where relevant,it-can also be applie

spec

This
relat

fic cases.

document describes how the principles of risk and reliability can be utilized to suppd
ed to the design and assessment of structures subject to‘accidental actions and syster]

ring works,
bplication of

for the task
dance with
] directly to

rt decisions
ns involving

strugtures during all the phases of their service life. For ¢hie*general principles of risk infoymed design
and gssessment, it is intended that ISO 2394 be considered.

The fpplication of this document necessitates knowledge beyond that which it contaips. It is the
responsibility of the user to ensure that this knowledge is available and applied.

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 editions cited hefe apply. For
unddted references, the latest editions of the referenced documents (including any amendnents) apply.
ISO 4394:2015, General principles on reliability for structures

ISO 8930, General principles on reliability for structures — Vocabulary

3 Terms and-definitions

ISO 4

nd [E€Cmaintain terminological databases for use in standardization at the following g

ddresses:

]

S@ Online browsing platform: available at https://www.iso.org/obp

I

EC Electropedia: available at http://www.electropedia.org/

For the purposes of this document, the terms and definitions given in ISO 2394 and ISO 8930 and the
following apply.

3.1
barr

iers and shock absorbers

objects or structural devices intended to absorb part of the impact energy in order to protect the
structure

3.2

burning velocity
rate of flame propagation relative to the velocity of the unburned dust, gas or vapour that is ahead of it

© ISO

2020 - All rights reserved
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n

propagation of a combustion zone at a velocity that is lower than the speed of sound in the unreacted

medium

3.4
detonation

propagation of a combustion zone at a velocity that is greater than the speed of sound in the
unreacted medium

3.5

<l

dynamic lo
time varian|
elements

Note 1 to ent
be used insté

Note 2 to ent]
point of imp3

3.6
equivalent
alternative
structural a

3.7
explosion
physical and
high intensi

3.8
flame prop
speed of a fl

3.9

impact
event occur
short durati

3.10

impacting ¢bject

vehicle, ship

3.11
key eleme
structural

u

L load or action that causes significant dynamic effects in the structure or in struc

'y: This means that the acceleration is not negligible; as a consequence, equations«f motion s
ad of equations of equilibrium.

ry: In the case of impact, the dynamic load represents a force on an associated contact area
ct.

static load
and usually conservative representation of a dynamieyload (3.6) suitable for a s
halysis

I/or chemical process of abrupt release of enetgy leading to short pressure waves of]
Ly

pgation
ame front relative to a fixed referexce point

ring when one object comes into contact with another one, where the contact force
on

, etc. colliding with a structure

t
émber upon which the stability of a part of remainder of the structure depends

tural

hould

ht the

tatic

very

is of

3.12

local damage

localised fai

3.13
unidentifie

lure of a part of a structure that is severely disabled by an accidental event

d action

accidental action or event that is unknown or unforeseen and cannot be considered by explicit analysis
in the design or assessment

© IS0 2020 - All rights reserved
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3.14

venting panel

non-structural part of the enclosure (wall, floor, ceiling) with limited resistance that is intended to
relieve the developing pressure from deflagration (3.4) in order to reduce pressure on other parts of the
building

4 Symbols and abbreviated terms

4.1 General

The $ymbols listed in this clause are used generally throughout the document. Symbols whiich are used
only|in one section are explained there and not listed here. All the symbols are based of|IS{ 3898.

4.2 | Latin upper case letters

A accidental action, (cross sectional) area
Ay design value of an accidental action

D diameter

E modulus of elasticity, action effect, energy

Eyin kinetic energy

Eqef deformation energy

F action, load in general, collision force

Fp frictional impact force

H height

K deflagration index of a gas.cloud

K, deflagration index of a dust cloud

L length

P probabiljty

P; probability of failure

Py, target probability of failure

P prebabiityefsurvival

R resistance

T temperature, period of time

T, period of time to be considered in a damaged situation
T reference period of time

U severity (magnitude) of the source of an action

© IS0 2020 - All rights reserved 3
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4.3 Latin lower case letters

a acceleration, geometric parameter

b geometric parameter

c wave propagation speed

f the event of failure, material strength parameter

fx(x) probability density function of X with dummy variable x

g(X,t) limjtstate function

h height

h, height of the application area of a collision force

i impulse per unit of area resulting from explosion
k stiffness

| length

m mass

p momentum (impulse); pressure

Dstat static activation pressure that activates a vent opéning when the pressure is increased slqgwly

r distance parameter

e reduction factor

t timle

u displacement;

u, makimum possible displacement (crumble length of impacting object)

1% velgcity

4.4 Greek letters

A int¢rval

B relipbility index

B target reliability index

€ strain

y partial factor

Vs partial factors for actions
A rate of relevant events

4 © IS0 2020 - All rights reserved
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friction coefficient
mass density

stress

Subscripts

index of basic variable

characteristicvalue

design value

leading action

max maximum value (often in time)

rep

X,z

5

5.1

Acci
and

initial (reference) value
plastic

representative value
coordinate directions

yield (material)

General principles and conceptual'approach

Types of accidental actions

dental actions due to human activities shall be considered in the design and assessment
ther civil engineering struetures. These actions include but are not limited to:

Impact from vehicles, trains and tramways, ships, aircrafts, helicopters, forklift tr
materials (rockfall, débyis flow, dropped objects from cranes), machine related impacts
¢ranes, wind turbiue€s, parts detached from a rotary machine, blades detached from tu

Internal and external explosions due to various sources like gas, dust, TNT, dynamite, ¢
Unidentified actions following from:

1+ efpers in design, errors during construction, service and operation and errors ass
maintenance and repair activities,

of buildings

icks, falling
ike toppling
bines, etc.;

btc.;

bciated with

— acts such as sabotage, vandalism, terrorism, etc. and their consequences.

Unidentified actions may be taken into account by specifying the resulting damage to the structure.

Design and assessment decisions related to the occurrence of accidental actions shall be made in
accordance with the principles in ISO 2394.

This document shall, for a limited set of relevant actions, provide dedicated information on incident
scenarios, load and resistance models, protection systems and calculation procedures.

NOT

E Depending on the local circumstances, other actions can also require attention, as

for instance

avalanches, ice loading, floods resulting from storm surges, heavy rainfall or melting snow, log jams in rivers,
sinkholes, etc.

© IS0 2020 - All rights reserved
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Common impact actions (such as those resulting from stumbling persons, mooring of ships, etc.) should
be considered as variable actions and are outside the scope of this document.

The extent and the depth of the design and analysis depend on the possible failure consequences and
costs of mitigation.

5.2 Conceptual approach

5.2.1 Targetreliability level

The approp

riate degree of reliability shall, in accordance with ISO 2394, be selected with duer

gard

to the possi
required to

Target relia
due to econ
economic of

5.2.2 Strd

Given the sy
structural a

the sevd

the effe

Direct consq
of direct da
consequenc

In many cas
Special devi

NOTE M

5.2.3

In the case
consideratid
structure.

ble consequences of failure, the associated expense and the level of efforts and proced
reduce the risk of failure and damage.

bility levels for existing structures can differ substantially from those for new: struc
bmic reasons. Ethical considerations, however, can impose bounds on the)outcomes
timisation.

tegies

ecial character of accidental actions, the design approach shallfocus on a combinati
nd non-structural measures to either prevent or limit:

the occuyrrence of the action;

rity of the action;

Ct of the action in terms of loading on the strueture;

the various direct and indirect consequences.

bquences are damages caused directly by the action; indirect consequences are the 1
Images, irrespective of the accidental action itself. The ratio between direct and ind
bs can be seen as a measure of robustness (see ISO 2394).

s, it can be economic, if notuttavoidable, to accept some limited degree of directlocal dar
ces such as barriers and:shock absorbers can be very helpful.

pre information on-effects of such devices is presented in Annex C.

Identified and turidentified actions

pf identified accidental actions, an assessment on the basis of physical models, relia
ns aind’ risk analysis shall be performed, depending on the consequence class o

lures

ures
of an

pn of

esult
irect

hage.

hility
[ the

Since not all possible actions can be foreseen in sufficient detail, the structure shall possess an adequate
degree of robustness. In the context of this document, this means that, given the occurrence of local
damage or degradation due to an arbitrary accidental action, the probability of a disproportionate
collapse should be limited.

5.2.4 Types of analysis

Depending on the function of the structure and the possible consequences in case of failure, the type of
analysis and degree of sophistication shall be chosen, both with respect to the physical modelling and
to reliability and risk aspects (see 5.3).

© IS0 2020 - All rights reserved
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The following types of analysis may be used, depending on the applicable risk/reliability aspects (see
also ISO 2394):

a) afull risk analysis;

b) aprobabilistic analysis based on predefined target reliability levels;

)

semi probabilistic specifications of actions or damage characteristics.

The following types of analysis may be used, depending on the physical modelling (see also 5.4):

— anon-linear dynamic analysis, including load structure interaction;

q

q

Wit
sim
a glo
proc
be ad

Risk

poss
rega

5.2.5

The

5cla
dam
gene

5.2.6

The ¢
in ac

An 4
elem

cC1
CC2

CC3:

© ISO

3 non-linear structural dynamic analysis based on specified external forees

3 static structural analysis using quasi static actions or damage characteristics:

haracteristics;

in each of the above analysis categories, further simplifications are possible. T

bal level shall be based on experience (observations), experiments (tests) or advan
bdures. In case of observations and testing, statistical uncertairty ‘as formulated in IS
counted for.

and reliability analysis should be based on statistical datd as far as possible. Wher
ble, best estimates based on engineering judgment:should be made; these values
ded as nominal values.

Classification of structures based on consequences

classification system of ISO 2394:2015, -Annex F, shall be followed. This system d
5ses of consequences, ranging from consequences class CC 1 (predominantly insignific
hge) to CC 5 (catastrophic losses and large number of exposed persons). The consequen|
ral a useful indicator for both the-level of safety measures and the method of analysis t

Appropriate methods ef\analyses based on consequences

bxtent and the depth of the analysis methods and the appropriate level of mitigation sh{
rordance with the expected consequences.

ents depending.on the applicable consequence class:

No specific consideration of robustness.

Simplified analysis based on idealized action and structural performance mod

or damage

he ultimate

ification is to develop a set of prescribed rules. In such a case, the effectiveness of these rules on

red analysis
D 2394 shall

b that is not
can also be

fistinguishes

hnt material
ce class is in
b be applied.

111 be chosen

ppropriate analysis method and level of mitigation shall contain, as a minimum, tle following

lels and /or

prescriptive design/detailing rules.

Systematic identification of scenarios leading to structural collapse. Addressing strat-

egies to deal with the identified scenarios. Analyses of structural performance may be
based on simplified and idealized models but should be subject to justification. Prescrip-

tive design and detailing rules may be utilized but should specifically address

the identi-

fied scenarios. Reliability and risk analyses addressing direct and indirect consequences

should be used as the basis for simplifications and idealizations.

2020 - All rights reserved
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Detailed studies and analyses of scenarios leading to structural collapses utilizing input
from experts on all relevant subject matters. Such analyses include detailed assessments
using dynamic and non-linear structural analyses and risk analyses rigorously address-

ing direct and indirect consequences.

Same as for CC 4 but with the addition of the involvement of an external expert/revie
panel for quality control.

w

From a reliability point of view, simplified models may always be used as long as they are conservative.
Whether the degree of conservatism is acceptable or not is an economic issue to be decided by the

decision ma

TlLe decision maker can be the owner or the competent authority.

ker.

tions

b the

PS as

ss of
atial

bnal)

may

ities)

M

ture;

NOTE

5.3 Modelling of accidental actions

5.3.1 Identified actions

The model fpr extreme hazards such as explosions or collisions resulting in idefitified accidental ac

shall be basg¢d on the following:

a) atriggering event at some point in time and place;

b) the amdunt of energy involved in the event and other relevantparameters;

c) the phyfsical interactions between the event, the enviropment and the structure, leading t
exceeddnce of various subsequent limit states in the structure.

All of the apove three aspects shall be treated as ragdom quantities and/or random process

follows:

— The ocdurrence of the triggering event mayleften be modelled as events in a Poisson procq
intensitly A (¢, X) per unit of volume and unitof time, t representing a point in time and x the sf
coordingtes (x4, x5, X3).

— The ampunt of energy may be treated as a random quantity described by a (multidimensi
probabillity distribution.

— Finally, the physical interactionis determining the details of the action and structural responsg
also be modelled using uhcertain variables and properties.

Given these|uncertaintiés;the probability of structural failure (for constant A and small probabil

can be expre¢ssed as;

Py (Trog ) e T [P(FIU=1) fy (u)du
U

where

A is the number of potential trigger events (e.g. vehicles passing by) per unit of time;

Tof is the reference period under consideration (usually one year or the lifetime of the struc

f is the failure event to be described by physical models of the structure and the environment;
8
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fy(w) is the probability density function of the severity (energy) of the hazard, given a trig-
ger event;

U represents the severity (magnitude, amount of available energy) of the hazard;

u is a specific value of U (dummy variable).

The probability of failure can depend on the distance between the structure and the location of the
event. In that case, an explicit integration over the area or volume of interest is necessary. If there is
more than one hazard, the resulting failure probabilities shall be added, taking into account possible
correlations.

Failulre in Formula (1) may refer to local or global consequences. The failure probability

Forn

NOTH

5.3.2

In th
dam
for a
build
cond

1

whet

The

accid
prob
cons

NOTH

For
the
cons

}

ula (1) should be less than a specified annual target value, depending on the con§eque

Target values are usually set between 10~ and 10~4 per year (see also I1SO 2394).

Unidentified accidental actions

e case of unidentified accidental actions, the effect of the actionshall be modelled

hge (for instance the removal of a specific beam or column). For the remaining part of th
relatively short period of time T, (for instance defined as the time to evacuate peop
ing, or the time to repair), the structure shall withstand applicable actions .The co
fitional probability of failure shall not exceed a prescribedtarget reliability, as given by |

P{R<E inT,|local damage occurred}

R is the resistance of the damaged(Structure after the occurrence of the unidenti

dental action;

L,

Farget reliability in this caSe‘shall be aligned with the safety target for the building
ental loading, the perjod-T, under consideration (hours, days or months) and th

dered in design).
Depending gn’'the circumstances, values between 0,001 and 0,1 can be taken as appropr

nconventional structures (e.g. structures with novel design concepts or using new
robability’ of having an unspecified cause of failure should be considered as subst
bquenee, the target reliability value applicable to Formula (2) sometimes needs to be |

ccording to
nces.

hs a specific
e structure,
le out of the
Fresponding

Formula (2):
(2)

fied acci-

is the applicable action (effect) after the occurrence of the unidentified accidental action.

under non-
e estimated

nbility that the local danrage under consideration can develop (by causes other than those already

ate.

' materials),
antial. As a
wered.

5.3.

DNDaoxnwvacantalioa
l\ClJl COTCIItdlIvVT

Based on the probabilistic approach outlined in 5.3.1 and 5.3.2, appropriate representative values for
dynamic or quasi static accidental actions may be derived for use in simplified semi-probabilistic design
and analysis.

NOTE Representative values for selected types of accidental actions, based on statistical or other approaches,
are presented in Annexes A to C.
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tural analysis involving accidental actions

The structural analysis involving an accidental action shall, to the extent appropriate for the specific
problem, account for:

severe geometrically nonlinear effects;
nonlinear material behaviour;
possible complete rupture of heavily exposed or minor structural elements;

dynamic effects;

the inte
— the effe
Simplified a
EXAMPLE

In the case d

the impacting body, the structure including the foundation and the protection system if applicable

simplificatig
either by thg

In the case

possibly wind effects. The following interaction effects shall bexconsidered:

the preg
thus aff]

the coll{
air pres

For determining the material properties of'the impacting object and of the structure, upper or 1

characterist
account, wh

When maki
sufficient, c

NOTE Fq

6 Impac

6.1 Gene

raction between the action and the structure;

Cts of protecting systems.

halysis can be appropriate but shall be based on proper justification.
A quasi static analysis can often replace a full dynamic analysis.

fimpact, the most accurate result can be obtained by using an intégrated model compr

n of the analysis, it may be assumed conservatively that thedmpact energy is fully absd
e structure or by the impacting object.

of an explosion, the action shall be characterized¢by sudden rises in air pressures

ence of the structure and/or other obstacles that can lead to reflections and turbulenc
ect the explosion process;

pse of weakened structural elements (accidentally or intended) that can lead to a char
sures.

ic values should be used, where relevant. Strain rate effects should also be taken|
ere appropriate.

Ing simplifications to~the analysis, a moderate level of accuracy may be deemed {
nsidering the low probability of the accidental actions.

r relevant data@nd’approaches of analysis reference is made to Annex C.

t action

ral
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6.1.1 Sou

rces of impact loading

This section applies to the following types of impact actions:

trains a
ships;

aircraft

10

road vehicles;

nd tramways;

S;

helicopters;

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=10a5df3b50ad98230cab06093dd24545

ISO 10252:2020(E)

forklift trucks;

— falling and sliding materials (e.g. dropped objects, rockfall, debris).

Impact shall be considered in the design and assessment when any of the above (or other relevant)
moving objects are in the immediate vicinity of the structure and significant impact forces can occur.
The analysis shall be in accordance with the requirements described in 5.2.

Detailed guidance and information are provided in Annex A.

6.1.2 Nature of the impact

Durihg impact, the available kinetic energy of the impacting body shall be considered to.be

defol

mation of the impacting object itself, deformation of the structure and, if applicableyif]

systems. Impact interaction actions are usually of high energy and of short duration.com
longgst dynamic natural periods of the structure.

In order to assess the effect of the impact, next to the structural characteristics, the mass,

at th

be cqnsidered. These parameters usually depend on the characteristicsof the environment

type
Both|

of road or waterway, the distance, local slopes and so on.

characteristics of the colliding object and the structure shall be taken into consideration.

6.1.3

6.1.3.1

Structural analysis and simplifications

In general, collision phenomena involvesboth the deformation of both the st

the impacting body. To simplify the analysis, the<nteraction force may be found by assunj

strud

For the accidental type of impact considered in this document, the collision is a proce

(qua

1) elastic-plastic deformations. Examples of a rigorous analysis of the collision phenon

found in Annex A. For guidance, the following simplified approaches to estimate the impag
durafions are recommended:

a)
b)
‘)
d)

4 plastic yield force that'is)constant with deformation and time;
4 series of constantforces, each of which having a finite duration;
3 plastic yield-force that varies with deformation and/or time;

3 quasi-elastic rod or spring model, with calibrated properties.

The first dpproach is common for simple collisions:

.

absorbed by
S protecting
bared to the

the velocity

e time of impact, the angle of approach and the mechanical properties,of the impactinjg body shall

such as the

the likelihood of the initiating event leading to structural damage as well as the statistical

ructure and
ing that the

ture is fully rigid and the kinetic energy is absorbed and dissipated by the impacting objject.

5s involving
enon can be
t forces and

[lie/primary inelastic response mode and its corresponding plastic, constant resisti

hg force are

determined.

The elastic phase that precedes inelastic phase is disregarded because little energy
during the elastic phase.

is absorbed

The time necessary to bring the colliding object to rest is calculated as per Formula (3):

At=mv, /Fp
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is the time interval from start of collision to time of zero velocity of colliding object
is the mass of colliding object
is the velocity of colliding object at the start of the impact

is the plastic resisting force

In order to (
function ned

are

applicable until the deformation at which all the kinetic energy is dissipated;

Fy

Then the du
various eng

; are

The third si
time. Unfor
problematid
guidance ca

theoretical levelopments are reported.

The fourth

primarily p
the moment
quantities w

A fully elast
and then b4
describe thg
used, negled

onsider (as in the second approach) a series of constant, but limited in duration, fonce
ds to be evaluated as per Formula (4):

D F

pilli

the extent of deformations over which the corresponding sequeiitial plastic forces Fy;

the plastic resistance forces for interval i.

ration of the collision can be estimated approximately-by weighting the participation ¢
nged £y, or by theoretically exact calculations.

funately, this approach requires the analyst’to develop a forcing function, which c4
because the forcing function generally-~cannot be prescribed in advance. However,
h be developed from the following subclauses and Annex A, where results of some test

hpproach may be based on impact by a prismatic and homogeneous elastic rod. Give
astic nature of the impactsprocess, the elastic model is useful only for the process
of the maximum indent.\The properties of the rod should be considered as quasi-el
ith values calibrated.to the real highly non-linear elastic plastic behaviour.

ic rod develops aninternal stress wave that travels from the striking end to the free
ck to the striking’end, at which point the collision is complete. When using the mog
e elastic-plastic'impact, only the wave travelling from the striking end to the free e
ting however the reflected wave to simulate the irreversible nature of the deformd
bdel, théudwaximum resulting dynamic interaction force is given by Formula (5):

[ m

5, the

(4)

are

fthe

mplified approach involves postulating a force function that varies with deformati¢n or

n be
some
5 and

h the
1p to
astic

end,
el to
nd is
tion.

(5)

With this m
F=v, \ﬁ
where
Vr
k
A
E
L
m

12

is the velocity of the rod at impact;

is the spring stiffness of the rod (i.e., AE/L):

is the cross-sectional area of the rod;
is the elastic modulus of the rod;

is the length of the rod;

is the mass of the rod.
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The travel time of the stress wave from the striking to the free end is L/c,, where c, is the rod wave
propagation velocity as given in Formula (6):

co=y(E/p) ©)
where p is mass density.

The duration of the collision is given by:

At=L/cy=,/(m/k) (7)

NOTE1  Guidance on appropriate values of k can be found in A.1 to A.7.

NOTE 2  An elastic spring model, with a rigid mass and separate spring with a stiffness' constart, k, achieves
the sgme peak force in time as the rod model. However, because the force increases overitime, and i not constant
as in the rod model, the time to develop the maximum force is: At = (11/2) \/(m/k).

NOTE 3  Refined analysis as well as experiments (see Annex A) show that theforce time relatior] can often be
reprgsented by a triangle (Figure 1). In that case, the average value of the fofee follows alternativ¢ly from mv,/
At, where estimates for At can be found from Formula (7); in absence of other information, the duration of the
impaft can also be found from At = u,/v, where u, is the estimated final.indent (often referred to as crumble
length). In general, At is higher (in the elastic spring model up to a factof t/2) as the impacting body slows down
during the impact process.

F F

i

At =+ (m/k) At =+ (m/k)

ot

Key
F  interaction force

t ftime

At time interval

m  1nass of the colliding object

=~
0.

dtiffness of colliding object

Figure 1 — Schematic pulse shapes in case of a colliding object hitting a rigid,
immovable structure

NOTE 4 The models in this clause give dynamic elastic force values on the outer surface of the structure.
Within the structure, these forces can give rise to dynamic effects in structural components, depending on the
duration of the load. In the absence of a dynamic analysis, the dynamic amplification factor for elastic response
can be assumed to be equal to 1,4.

6.1.3.2 An alternative upper bound can be found when the structure dissipates all energy and the
colliding object is considered rigid.

If the structure is designed to absorb the impact energy by plastic deformations, provision should be
made so that its ductility is sufficient to absorb the total kinetic energy %mv,2 of the colliding object. In
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the limit case of rigid-plastic response of the structure, the above requirement is satisfied if Formula (8)

is verified:

2
(1/2)mv,.“<F, uy (8)
where
F, is the plastic strength of the structure, i.e. the limit value of the static force F;
ug is the maximum displacement (deformation capacity) of the point of impact that the
Dtl uutul o vdall uudcx 5U, UftCll I CfCl ) Cd tU do Ul ulub}c }Cllsth-
NOTE Shear deformation at concentrated forces or near supports is often decisive for the, linlit on

deformation
govern, analy

for uncertainties.

In the case (
6.2

6.2.1 Imp

A distinctio
and parking
driving velo
impact area

In general, §

Impalct from specific causes

capacity, at least in part because shear failure generally is brittle. When brittle failiire nhodes

sts often increase the assumed impact energy or reduce the crumble length in order to'‘compe

f protection by barriers, the formulae should be changed accordingly..See also Annex (

act from road vehicles

 shall be made between several types of roads, such.asshighways, local roads, urban 1
areas. Each of these road types has a typical distribution for traffic type, traffic intel
city, vehicle mass, etc. The traffic type shall alsgbe’decisive for the location and size
on structural elements.

ictions in the driving direction (on the traffic way) and the direction perpendicular

nsate

L.

oads
nsity,
f the

shall

be considered. Road vehicle impact shall be takenxinto account for road crossing bridges, tunnel$ and
buildings sifuated close to driveways; in some cases, it is also important to consider vehicles operpting
inside buildngs.

For detailed information on distributions.and resulting representative actions, see A.1.

6.2.2 Impact from derailed trains

The effects jof derailed trains.shall be taken into account for buildings and structures in the vidinity
of the railway. Derailing cdmadlso affect the superstructure supporting the railroad; effects op the
superstructpre from derailed rail traffic under or on the approach to a structure need not generally be
taken into afcount as lgng as no collision with vertical elements is involved.

NOTE Dé¢railmentand dislocations of trains on bridge decks are outside the scope of this document.

In general, poth*loads in the driving direction and in the direction perpendicular to it should be
considered.

For detailed information on distributions and resulting representative actions, see A.2.

6.2.3 Impact from ships

Accidental actions due to collisions from ships shall be determined taking account, amongst other
factors, the type and dimensions of the waterway, the flood conditions, the type and draught of vessels
and their impact behaviour, and the type of the structures and their energy dissipation characteristics.

The effects of hydrodynamic added mass shall be taken into account; in some empirical calculation
models, this can already have been done implicitly.
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Bow, stern and broad side impact should be considered where relevant. Bow impact should be
considered for the main sailing direction with a maximum deviation of 30°.

The action due to impact should be represented by a frontal force, a lateral force with a component
acting perpendicularly to the frontal impact force and a friction component parallel to the surface of
the structure.

The position and area over which the impact force is applied depend upon the geometry of the structure
and the size and geometry (e.g. with or without bulb) of the vessel, the vessel draught and trim, and
tidal variations. The vertical range of the point of impact shall account for consistently unfavourable
conditions for the vessels sailing in the area.

The forces on a superstructure should be determined by taking account of the height of tixe structure
and the types of ship that can be sailing in the vicinity. In general, the force on the superstriycture of the
bridge is limited by the yield strength of the ships’ superstructure.

Unddgr certain conditions, it can be necessary to assume that the ship is lifted-over an abutment or
foungdlation block prior to colliding with columns.

For detailed information on distributions and resulting representative actions, see A.3.

6.2.4 Impact from aircraft

Imp4ct loads from aircraft shall be taken into account for rélatively high rise buildings located near
airports. Details of the analysis and safety measures to be considered taken should depend on the
impdrtance and the strategic value of the building.

For detailed guidance, see A.4.

6.2.§ Impact from helicopters

For Quildings with roofs designated as alanding pad for helicopters, an emergency landing (helicopter
fall (pad landing) in A.5) force shall be.taken into account.

For detailed guidance, see A.5.

6.2.4§ Impact from forklift trucks

Imp4ct loads from forklift trucks for buildings in which forklift trucks are operating shall He taken into
accoynt.

For detailed guidance, see A.6.

6.2.71 Other types of impact

For many structures, in particular off shore, dropped objects can form a hazard for roofs and pipelines.
In acmmﬁemdﬁmmGMﬁmmme@mmwﬁvzﬂ;nches) and

falling rocks can cause serious damage. Where relevant, such impact actions shall be considered.

For further infomration, see A.7.
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7 Explosion

7.1 General

7.1.1 Explosion types to be considered

Explosions shall be considered in design and/or assessment of buildings and civil engineering works
relevant to transport (bridges, tunnels, jetties) where exposure to explosive material and serious
consequences can be anticipated.

The origin

natural

gas and other explosive gases in buildings (piped gas or in gas in cylinders),tanl

transpart vehicles (road tankers, tank wagons and ships);

dustin

high en

An example
explosion is

NOTE A
into a chemid

7.1.2 Nat

In an explo
released vial
time relatio

buildings;
ergy explosives (e.g. TNT or dynamite in storage or during transport).

where an explosion of physical origin can occur is a steam pressure vessel. This ty
considered to be outside the scope of this document.

BLEVE (boiled liquid expanded vapour explosion) starts as a physical explosion, but can de
al explosion.

ire and schematisation of explosion loading

bion, a very large amount of energy is released’in a very short time. The energy c4
pressure, temperature, radiation and flying@ebris. Figure 2 gives a characteristic pre
h for an explosion.

p A

pressure

fan ovnlosioncanhe aofa chemicalornhusical nature Chemical evnlosions can result From-
r ) i r *

KS or

pe of

velop

n be
sure

atmosph

time

Peak pre

Negative

16

eric pressure

Rise time.

ssure.

Positive phase.

phase.

Figure 2 — Typical pressure time relation for a vapour explosion
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The likelihood of attaining a certain explosion pressure shall be based on:

a) the probability of the presence of explosive material/equipment, its amount and location;
b) the probability of direct or delayed ignition;
d) the characteristics of the structure under consideration.

The following characteristics shall be considered:

avoided.

For many applications, the explosion action can be described with sufficient accuracy by the
of two parameters: the peak pressure and the duration of the pressure wave or the peak p
impulse.

Expl

The fuel involved in an explosion can be a combustible gas (or vapour), a mist of combustible liquid,

a combustible dust, a high-energy explosive or some combination of these.

Laseous fuels have a lower flammability limit (LFL) and an upper flammability limit(UH
these limits for the fuel air ratios, ignition is possible and combustion takes plage,‘'Th
explosion pressure is reached at the so-called stoichiometric mixture.

.

[he free air pressure following the ignition depends on the amount of available ene
dlistance from the location of the explosion. Obstacles in the vicinity of the blast sourc
gignificant effect on the blast wave in some cases; in particular where the obstacle is sit
the vapour cloud at the moment of ignition. For explosions inside.structures (interior
the venting conditions determine, to a large extent, the final explosion pressures.

gnitions of gasses and dust in confined spaces and high-energy explosives nor
etonations that can be characterized by very rapid pressure increases that decay quicK
induced expansion of gases that effectively cause “winds”, followed by a lower-inteng
ressure phase. Ignition of unconfined gas and dust uSually results in deflagration, c}
y somewhat lower magnitude positive and negative pressure phases and longer press
nd decay durations. In long tubes like tunnels; conditions can lead to a detonation pr
internal ignition is by pressure. This can lead’to much higher pressures.

, over areas that have‘already been exposed to the higher positive pressures. Neg
ilngs can sometimes-be.important for structures that require elastic response when ne
ing with natural’'modes can be important, and when rebound failures of componen

L). Between
e maximum

rgy and the
e can have a
uated inside
explosions),

mally cause
ly, and heat-
ity negative
1aracterized
ire build-up
bcess where

batures and
bst for most
ted in most

ications due to its lower.magnitude, and its direction generally acting back toward the explosion

ative phase
ative phase
ts are to be

rombination
ressure and

psion pressures may be assumed to be uniform over the length of structural elements

. Exceptions

occur for detonations near to structural elements, for which there can be significant decreases in
pressures at more distant points along a member, and for near-range explosions when the structural
element is very near to or within the fire ball of the explosion. In these latter cases, loading histories
can be very complex.

Brittle failure modes should be avoided for most explosion resistant designs, since many designs rely on
ductility to dissipate energy and compensate for uncertain blast pressures. Non-ductile failure modes,
such as buckling and shear at component extremities, should be avoided.

Since the rise time for blast loads is normally much shorter than the longest natural period of structural
elements, the load is dynamic or impulsive. Therefore, the use of dynamic analyses to determine
structural response should be considered. In some cases, single-degree-of-freedom structural elements
subjected to blast loads that are taken to be uniform along their lengths can be assessed following basic
theories that predict response as a function of load duration and intensity, natural frequency of the
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element, and the amount of post-yielding behaviour to be allowed. For other systems, and in particular
for multi-degree-of-freedom systems, advanced non-linear computer analyses are usually applied.

7.2 Explosions of various types

7.2.1 Interior explosions

Interior explosions due to dust, gas or vapour shall be considered wherever dust in large quantities
can be present and where gases are burned, regulated, transported or stored. The explosion pressure

depends prlmarlly on the type of exploswe substance, the Concentratlon and unlformlty of the dust gas

or vapour ai
and the stre
of venting o
effectively s

High energy
they geners
gasses reled
the potentis
determining

NOTE M

7.2.2 Extq

Exterior ex
wherever pi
or just outs
explosions 4

When estim|

negligib
with vo
sufficie

Inanyc

Exterior

gth of the enclosure and the state of loading in Wthh the explosion occurs and the an
r pressure release that can be available. The explosive pressure should be assutned t
multaneously on all of the bounding surfaces of the enclosure in which the explesion od

r explosives shall be considered wherever present. When detonated ,ifiside struct]
te very rapid, short-term impulse pressures, followed by build-up rof’pressurized

11 for venting through openings and by release of blast panels shall be accounted f]
 the pressure history on any component.

pbre information on models for interior explosion loading can befouind in Annex B.

erior explosion

losions can result from transport and storage of explosive materials and shall be consig
esent in close proximity to a building. It is in particular a common threat to buildings i
de industrial areas that use or manufactune,combustible or explosive materials. Ext
Iso include intentional bomb attacks.

ating the pressures, the following shall be taken into account:

explosions of gases, vapours and ‘dust generally yield relatively low (but not necesg
le) pressures, unless the pre-explosion explosive cloud envelopes a volume that is congg
lumes of components, equipment and mechanical systems. In the latter case, there cg
t confinement to yield pressures that tend toward those associated with interior explog

hse, the magnitudes-ofthe loads depend on the type and concentration of explosive mat

the location and configuration of the structure under consideration relative to the explosive

or high

Lenergy explosive; and the presence of intervening structure that can impact preg

magnitides.

NOTE D

7.23 Exp

btailed guidance on models for exterior explosion loading is provided in Annex B.

sed by the combustion of the explosive material. The geometry of(the compartment

ures,
| hot
and
or in

ered
hside
erior

arily
psted
in be
ions.

erial,
rloud
sure

Ilosions in tunnels

Explosions in road tunnels shall be considered when vehicles with dangerous materials like LPG
or explosives are to be expected. In tunnels, explosion pressures can become very high and even

detonations

NOTE

cannot be completely excluded.

Detailed guidance on models for explosions in tunnels is provided in B.2.

7.2.4 Dust explosions

Flammable dust explosions shall be taken into account in the design of buildings and other civil
engineering works where combustible dust can accumulate on places unlikely to be cleaned in a regular

way and ignitions sources can be expected to be present as a consequence of industrial activities.
NOTE Detailed guidance on modelling of dust explosions is provided in B.3.
18 © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=10a5df3b50ad98230cab06093dd24545

ISO 10252:2020(E)

7.2.5 High energy explosions

High-energy explosions shall be considered in the vicinity of structures where explosives are fabricated,
stored, handled and transported.

NOTE

8 Unidentified actions

Detailed guidance on models of high energy explosions is provided in relevant parts of B.1 and B.4.

8.1 General
A structure shall be designed against "unidentified" accidental actions, in addition-to|"identified"
accidental actions (see also 5.1). Unidentified actions can include human errors in de§igh, donstruction

and
be si
long
robu

Unid
fores
one (

— Dby defining their negative effect on the structure such as d@partial or total reduction of th

q

— Dby specifying notional actions as indicated in 8.3,

Unid

when a detailed analysis is considered to be unn€cessarily laborious.

NOT]H
respd
inclu

NOTH

8.2

As in
but,

In pd
strug
remg
certd

se. Requirements to the response of the structure to unidentified actions shouldjas faf
milar as to identified accidental actions, that is that damage (or damage ifncréase) is
it is not disproportionate to the original cause. The process to achieve thisiis known 4§
stness.

entified actions are intended to be used as a substitute for hazards)and situations th
een in detail or at all. For the purpose of this document, unidentified actions shall be ¢
f the two following ways:

apacity of one or more elements as indicated in 8.2;

entified actions as provided in this clause maytalso be used as a simplification of ident

1 The unidentified actions to be taken-into account as well as the requirements with r
nse are to some extent arbitrary and depend on an agreement with the client and regulatory a
les the periods for safe evacuation and'rescue operations.

2 Detailed guidance is provided in Annex C.

Notional removal of-er damage to elements

dicated in 5.3 and\84, the nature and impact of an unforeseen action cannot be descri
s a meaningfulsubstitute action, a certain degree of reasonable damage may be defin

irticular, the-notional removal of a single load bearing member (column, beam or {
ture mdy be specified. The structure shall then be checked to ensure that upon {
val of each element the structure remains stable and that any local damage does 1
indimit.

as possible,
accepted as
s design for

ht cannot be
bnsidered in

e structural

fied actions

espect to the
ithority. This

bed in detail
ed instead.

loor) in the
he notional
ot exceed a

For buildings that are not frame buildings, the equivalent member to be removed shall be:

in a reinforced concrete wall, a length not exceeding 2,25 h, where h is the storey height;

in an external masonry, timber or steel stud wall, the length measured between lateral supports

provided by other vertical building components (e.g. columns or transverse partition walls);

the storey height.

NOTE

These criteria have been taken from Eurocode EN 1991-1-7.

in an internal masonry wall or timber or steel stud wall, a length not exceeding 2,25 h, where h is

Where the structural form justifies it, more than one member of one type or a combination of types can
be removed as notional action. This may be the case if they are very closely spaced such that it is very
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likely that an unidentified action results in them all suffering damage simultaneously. In the case of a
transfer beam, its notional removal requires columns supported by it to be removed simultaneously.

The method of structural analysis used should be commensurate with that used in structural design
against identified accidental actions and the method of notional member removal (i.e. whether quasi-
static or sudden and causing dynamic effects).

8.3 Notional loads on key elements

As an alternative to the procedure in 8.2, key elements may be designed against the specified notional
unidentified actions. The standardized notional action is a uniformly distributed load of 34 kN/m?2.

NOTE 1 TlLis criterion has been taken from Eurocode EN 1991-1-7.

The unident
atatime) to
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NOTE2 A
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level and th{potential likelihood of unidéntified accidental actions that can be determined based on ¢

engineering j

For individy
recommend

ified action should be applied in the vertical and both horizontal directions (in.one dire
the member and any attached components while giving due regard to the ultimate stre
bonents and their connections.

key element is a critical member in the absence of which the structure cafi’ become damaged
rtent. In principle, the most obvious critical elements are the columns.

based design for unidentified accidental actions

entified accidental actions are not quantified in intensity and likelihood of occurrer
nent based on an assumed state of damage should bescarried out. This assessment s}
he risks, conditional on a structural element having-failed. The tolerable conditiona
hter (e.g. two orders of magnitude) than the valu€ of the unconditional risk chosen for
ng to identified accidental actions.

higher tolerable limit can be used for tolerable conditional risk from unidentified actions be
low probability of occurrence of the unidéntified actions reduces the non-conditional ris}
a probability of occurrence of 1/100 in/the period considered (say the life time), the total 1
nconditional risk divided by 100.

tolerable conditional risk levél. can be determined based on the tolerable unconditiona
dgment.

hal projects, communication with local authorities in an early stage of the desi
ed.
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Annex A
(informative)

Guidance for detailed impact analysis

A.1 Impact from road vehicles

A.1.1 Impact model

The |pasic design situation for vehicle impact is given in Figure A.1. The impact forcg should be
detefmined taking into account the local characteristics of the road, the traffic’and the ferrain. The
obje¢t B may be a building, a bridge pier or for instance any protective structure.

A vehicle leaves the intended course at point Q with velocity v, and under-an angle ¢. A structure B or
strug¢tural member in the vicinity of the roadway at distance r is hit with*velocity v,.

NOTH See Formula (A.1) for designation.
Figure A.1 — Vehicle impact scenario

The probability that there is a collision during a period of time, T, can be approximated by:

P (T)=nT 2&xP(v,? >2ar| (A1)

wherte

1 traffic intensity (dpppnding on local (‘ir(‘nmqrnnrpc)'

A vehicle failure intensity (number of road leaving incidents per vehicle km);

T period of time under consideration;

Ax part of the road from where collisions can be expected (see Figure A1);

vy velocity of vehicle;

a deceleration of the vehicle after leaving the road;
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r  d/sin ¢ = the distance from "leaving point" to "impact point";
d distance from the structural element to the road;
¢ angle between vehicle trajectory and road axis.

In case of a lorry impacting a structural member, the velocity v, at impact may be determined using

Formula (A.2):
v, =y(vo2-2ar)=v,/(1-d/d,) (ford<d,) (A.2)

where

vy Is the velocity of the lorry leaving the trafficked lane;

a isthe average deceleration of the lorry after leaving the trafficked lane;

dy, s the projection of the braking distance ry, : d,, = ry, sin ¢ = (vy/2a) sine.
The value of|d,, may be multiplied by 0,6 for uphill slopes and by 1,6 for dowrhil slopes (see Figure|A.2).

The probability of having an impact force F exceeding a value X is the saine as in Formula (A.1), butjwith
P(F (m, k, v,] > X) instead of P(v2 > 2ar), where for F(..) any suitable inipact model may be taken.

2 2
] 1_/EL

—_
—_
[\

Key
1 road
2 structurg

Figure A.2 — Uphill and downhill slopes

The traffic intensity and the vehicle failure intensity (number of times a car flies off the road per km
of driving) should be estimated on the basis of national or regional statistics, taking care of |local
circumstances Iike grades, curvatures, road condition and speed limits. An indicative value ifor A on
highways is:

A =107 per km running of vehicle (A.3)
Further indicative probabilistic information for the basic variables (partly based on statistical data and
partly on engineering judgementlll) is given in Table A.1.

The actual impact on the structure for given values of mass, velocity, etc. follows from advanced or
simplified models as described in Clause 6.

Given a target reliability B = 4,0 for a reference period T of 50 years, Table A.2[1l gives recommended
design values for some of the input parameters and the resulting impact forces.
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Table A.1 — Indicative data for probabilistic collision force calculation

. . . Probability Standard
Variable Designation distribution Mean value deviation
Vehicle velocity
Lognormal 80 km/h 10 km/h
— highway
Lognormal 40 km/h 8 km/h
v, — urban area
Lognormal 15 km/h 5km/h
— courtyard
Lognormal 5km/h 5km/h
— parking garage
Deceteration
a Lognormal 4,0 m/s? 1,8 m/s?
(on the ground)
m Vehicle mass — lorry Normal 20 000 kg 121000 kg
m Vehicle mass — car — 1500kg —
k Vehicle stiffness Deterministic 300 kN/m —
10) Angle Raleigh 10° (176) 10° (1:6)
Table A.2 — Design values for vehicle mass, velocity and horizontal dynamic impagt force F),
Mass Velocity Deceleration | Impactforce? | Duration? || Distance?
Type of road m v, a F At dy?
kg km/h m/s? kN s m
Motqrways 30000 90 3 2400 0,3 20
Urbgn areasP 30000 50 3 1300 0,3 10
Couiftyards 1500 20 3 120 0,1 2
— dars only 30000 15 3 500 0,3 2
— 3gll vehicles
Parkiing garages 1500 10 3 60 0,1 1
— darsonly
3 Based on Formula (A.2) and Forlmula (5) with v, = v,
b Road in areas where the speedHimit is 50 km/h.
Only plmost horizontal terrainis considered.
A.1.2 Practicalguidance
A.1.2.1 Impactarea
In thle absence of further information, the collision force F from lorries may be applied at any height h
betweén 0,5 m to 1,5 m above the level of the carriageway or higher where certain types df protective

barriers are provided (see Figure A.3). The recommended application area is a = 0,5 m (height) by
1,50 m (width) or the member width, whichever is the smaller.

For impact from cars, the collision force F may be applied at h = 0,50 m above the level of the carriageway.
The recommended application area is a = 0,25 m (height) by 1,50 m (width) or the member width,
whichever is the smaller.

© IS0 2020 - All rights reserved
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height of the recommended force application area, ranging from 0,25 m (cars) to 0,50 m (lorries)

h  location

(cars) to

Figure

A.1.2.2 Forces on superstructures

Design valug
superstruct

impact are provided. The recommended value for adequate clearanée, €xcluding future re-surfaci

the roadway

Tab

pf the resulting collision force F, 1.e. the height above the level of the carriageway, ranging from.0
1,50 m (lorries)

A.3 — Collision force on supporting substructures near traffic lanes for bridges
and supporting structures for buildings

s for actions due to impact from lorries and/or loads carried by the lorries on members
ire should be defined unless adequate clearances or suitable\protection measures to

under the bridge, to avoid impact is in the range of 1 ni:above the legal limit value.

e A.3 — Indicative equivalent horizontal static-design forces due to impact on
superstructureés

50 m

fthe
hvoid

ng of

Equivalent static design force, F

Category of traffic
gory KN

Motorways ¢

nd country national and main roads 500

Country roa

s in rural area 375

Roads in urb

an area 250

Courtyards 4

ind parking garages 75

a  x=direct

on of normal travel.

On vertical {

due to impa

For hy<h<
Figure A.4.

On the unde

urfaces, the indjcative design impact forces are equal to the equivalent static design f
Ct given in TableA3.

h;, thesevalues may be multiplied by a reduction factor rp. A recommendation is giv

rside surfaces of bridge decks, the same impact forces as above with an upward inclin

prces

en in

htion

sometimes lhave to be taken into account: the conditions of impact may depend on local circumstal

nces.

The recommended value of upward inclination is 109; see Figure A.5.
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1
—b
e W
h,(=h,+b)
N

0
h=h, h=h, h
Key
rp ultiplication (reduction) factor for the impact force F depending on the value of h
F  impact force
h hysical clearance between the road surface and the underside of the bridge'deck

hy inimum height of clearance between the road surface and the underside'of the bridge deck bel¢w
Which a full impact on the superstructure needs to be taken into account

The recommended value of hy, is the legal truck limit plus 0,1 m.

h; maximum value of the clearance between the road surface and the underside of the bridge deck
For values of h; and above, the impact force F may be left out.of consideration.

b b=hy - hy The recommended value for b is 1,0 m. A reduetion factor ry for F

is allowed for values of b between 0 m and 1 m, i.e. hetween h, and h;

Figyre A.4 — Recommended value of the factor r;; for vehicular collision forces on brjidge decks

x  direction of traffic

z  vertical direction

h  height of the bridge from the road surface measured to either the soffit or the structural members
F  collision forces

Figure A.5 — Impact force on members of the superstructure
(v is perpendicular to the paper)

In determining the value of h, allowance should be made for any foreseeable future reduction caused by
the resurfacing of the roadway under the bridge.
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Where appropriate, horizontal forces perpendicular to the direction of normal travel, Fy, should also
be taken into account. It is recommended that these forces do not act simultaneously with the actions
resulting from traffic in the driving direction.

A.1.3 Exa

A.1.3.1

mple of an impact force calculation

Impact force versus time based on measured values

For a standard-sized vehicle, the actual impact values measured during the frontal impact tests can
be available. The impact force when a standard-sized vehicle of a given weight hits a building with the

given impa

t velocity can be estimated, The load versus time curve in the impact direction obt

ined

from an act
measured v
impact test.

The first rid
interaction
absorbers r{
impact forcg
the event 3.
follows and
The biggest

The impact]
approximat
form of the 4

al frontal impact test is shown in Figure A.6[2], The black line in the figure indicate
hlues of the impact force, and the grey line indicates the FEM simulation results of aAr

e in the graph is determined by the energy absorbing property of the vehi¢le. Repe
among various properties, including deformation, buckling and contact, of the er
esults in deformations of the front part of the vehicle (1 and 2 in Figure A.6). The maxi

This is the maximum impact force for the building. A deformation around the engine nj
the 2nd peak (4) occurs just before the engine comes in contaet With the front of the coq
impact shock for the occupant is this 2nd peak.

bd to a triangular waveform which peaks during the‘impact on the engine (Figure A.7)

riangle is determined by the maximum force F,,,,the peak time ¢,, and the acting timg

s the
bntal

[itive
ergy
mum

is observed when there is an impact on the engine (the stiffest structural member) dyiring

ount
kpit.

force versus time curve for the frontal impact of. a standard-sized vehicle can be

. The
t

end-

26

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=10a5df3b50ad98230cab06093dd24545

ISO 10252:2020(E)

800

700 X

600

500

300

200

A\

N

100

0 0,025 0,05 0,075 0s1 0,125 015 ¢
Key
F force (kN)

t time (s)

grey line  measured values;

black{line result of FE model simulation

1 The initial stiffness is determined by, the stiffness of the energy absorber of the body.
2 The peak due to the behavior (e.g:buckling) of energy absorbing members.

3 The peak due to the impact ofthe engine.

4 The peak due to the contact'between the cockpit and the engine.

Figure A.6 — Example of load versus time curves in the impact direction
for the frontal impact test of a standard-sized vehiclel2]
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Figure A.7 — Triangular wave approximation of the-impact force versus time curve

The estimat
obtained. Tl
actual front

be derived
acting time

force = actil
(= vehicle w

tend =2[

pe results (the maximum force F,,,, thepeak time ¢, the acting time ¢, 4) obtained
al impact tests are shown in Table A/4. The maximum force F, ., and the peak time ¢t
from the measured value in thelpad versus time curve for the frontal impact test

t

end
Ng time t. 4 % F,.4/2) whicliticorresponds to the momentum p in the impact phenom)
pight m x impact velocity p):

/F=2mv/F

ed force versus time curve for the triangular wave under the given impact conditiqg

ns is
from
| can
The

is determined as an impulse/for the load versus time curve (time integral of imppact

cenon

(A.4)

The relatiopship betweenp,~F, and ¢, is determined by providing p as the indicator of the imppact

conditions, fis shown in&iglres A.8 and A.9. The square symbols in the figures indicate the results of
the actual impact test.and the solid lines indicate the approximated results. The relationship between
p and F can be approximated using Formula (A.5). Similarly, the relationship between p and t} can
approximatg¢d using Formula (A.6).
F=23,11p+£37,45 A.5)
t, =-3,65x10"% p+3,92x102 (A.6)

where
F
p

tp

is the force given in kN;
is the momentum in kNs;

is time of the peakin s.

The maximum force is also reasonably well approximated by Formula (3).
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The momentum p is determined, assuming the vehicle mass m and the impact velocity v. The
approximation expressions that give the estimated force F, peak time ¢, and acting time t,,4 can be
determined using the momentum p as an index for the approximation Formulae (A.4) to (A.6). Finally,
these parameters give the approximated impact force versus time curve for a standard-sized vehicle.
The acting position of the impact force and the acting area corresponding to the height and width of the
vehicle and its relative position to the building can be, consequently, determined.

Table A.4 — Results of frontal impact tests of standard-sized vehiclesl2] to [3]

Vehicle mass ‘::;g;ct; Momentum? Maf);irT:m Peak time Acting timeP
Vefnicle m v » F t tod
t km/h kNs kN S S
A 1,8 56,2 28 670 0,036 0,083
1,2 39,8 13 370 0,038 0,072
B 1,3 56,3 20 540 9,031 0,074
1,3 56,2 19 430 0,031 0,090
C 1,6 56 26 680 0,025 0,075
D 1,4 56,5 21 480 0,028 0,089
a2 Momentum is given by p=mv, where m is the mass of the vehicle, v is th€ impact velocity.
b The acting time is given by t,,4=2p/F ax-

max

1000

800

600 1 /

400

=
200
10 15 20 25 30 p
Key
Frax | maximunyforce (kN)
D momehtum (kN-s)
[ | fesults of actual impact tests

Figure A.8 — Relationship between the momentum p (kN - s) and the maximum force F ., (KN)
in a frontal impact test
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e A.9 — Relationship between the momentum p (kN - s) and-the peak time ¢, (s)
in a frontal impact test

pact force versus time based on a crash simulation

g describes the calculation of the impact force(from a crash simulation using the {
thod. The comparison between the actual medsured values during the frontal impac
d-sized vehicle and its FEM simulation results is shown in Figure A.6. The FEM simul

proves that the crash simulation with:a well-defined finite element model providg
bact force versus time relation for aniactual vehicle.

ent model of a vehicle was used-to obtain an impact force versus time curve. The {
vas performed with a finite.lement modellel[Z],

the behaviour during @ hard impact, a frontal crash into a rigid wall was modelle
ite element model which precisely represents the actual vehicle was used. With the vd
t, three cases with-impact velocities of 20 km/h, 40 km/h, and 60 km/h were simul
ement model of-@standard-sized vehicle used in the simulation is shown in Figure
ample of crashisimulations performed using a finite element model of a lorry is shoy
[12] to [13]s

\".’""‘"

inite
F test
htion
cting
S an

rash

1. An
hicle
ated.
A.10.
Vn in

Figure A.10 — Finite element model of a standard-sized vehicle

Figure A.11 shows the maximum deformations and Figure A.12 shows the impact velocity versus time
curve for each impact velocity. The load values indicate the forces in the impact direction. An accurate
finite element model allows the resulted impact force versus time curve to precisely represent the
measured values in the experiment, the deformation properties of the structural members and the
interactions among structural members (see Figure A.6). The simplified impact force versus time curve
from the simulation is shown in Figure A.13 and the corresponding values are shown in Table A.5.
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A triangular wave was assumed as the simplified waveform, and the peak time as the time of the
maximum force during the simulation. The maximum force and the acting time can be determined to
have the impulse of the simplified triangular wave, consistent with the impulse of the simulation result.

The simulated and the measured impact force versus time curves were compared to validate the crash
simulation results. The impact force versus time curve based on the measured values is represented
using Formulae (A.4) to (A.6) and the estimated results are shown in Table A.6. Figure A.14 shows the
comparison between the estimated curve (based on the measured values) and the simplified curve
(based on the simulation result). In Figure A.14, the black line indicates the simulation result and the
grey line indicates the estimated result based on the measured values. The crash simulation results are
more conservative than the estimated results. The acting position of the impact force and acting area
are determined osition to the
building.

O
a) Impact velocity b) Impact velocity {( c¢) Impact velpcity
20 km/h 40 km/h QO 60 km/h
N
Figure A.11 — Maximum deformatié))@for each impact velocity
o)
" N
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Key Q%
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NOTH m top downward: Impact force versus time curve of the impact velocity 60 km/h, #0 km/h and
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Figure A.12 — Impact force versus time curve for each impact velocity
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Figure A.13 — Triangular wave approximation versus time curve for. each impact velocity

—

om top downward: Impact force versus time curve of the impact velocity 60 knr/h, 40 km/h and

Table Al5 — Crash simulation results: Maximum force, peakitime and acting time of the
impact force
Impact velocity Impulse? Maximum forceP Peak time° Acting time(
km/h kN-s kN S S
20 12 275 0,045 0,085
40 21 469 0,056 0,090
60 32 700 0,043 0,092

a  Time intg

b The maxi

¢ Thetime

oration value of the force versus time imthe impact direction.

when the force becomes the maximum in the simulation.

mmum force and the acting time are determined in accordance with the impulse of the simulation result.

Table A.6 £ Estimated results based on measured values

Vehicle mass :33;2; Momentum |Maximum force2| Peak timeP Acting time¢
t km/h kN-s kN S S
20 9 251 0,036 0,074
1,7 40 19 465 0,032 0,080
60 28 680 0,029 0,082

a  (Calculated by Formula (A.5).
b Calculated by Formula (A.6).
¢ Calculated by Formula (A.4).
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Figure A.14 — Comparisons of triangular wave approximation versus time curve
between crash simulation result and estimated result-based on measured values

A.2 | Impact from derailed rail traffic

A.2.1 Impact model

The tollision loads acting on a structure due, to derailed trains depend on the mass, collision speed,
collijion angle, shape, structural strength;- stiffness, etc. of the train. The collision lopds may be
represented using one of the followingmodels:

— asatriangular peak with equal impulse obtained by impact simulation; in some cases, the maximum
yalue of the triangular peakimay be used as a static design load; or

— Iy determining the design’loads according to a detailed analytical model.

Imp4ct forces should be’determined taking into account the local characteristics of the railroad, the
rail fraffic types and-velocities, traffic intensity and the environmental situation, including protection
meagures.

The ¢ccurrence)of a derailment leading to a possible collision with a structural object can befmodelled as
an (ihhomogeneous) Poisson process with failure intensity A(x), in a similar way as for road|traffic. This
failure intensity, together with other relevant parameters like traffic intensity, should be gstimated on
the ha'sis of national or regional statistics, taking care of local circumstances like curvaturfes, switches
and grades. If no detailed local information is available, the derailment rate for passenger trains (in the
absence of switches) may be taken as(8l:

A =0,25 x 1078 per km running of train
When switches are present and in particular on emplacements, the value can be higher, up to a factor
of 10. For freight trains, derailment rates are a factor 10 higher than for passenger trains.
When calculating the collision load acting on the building, it is necessary to:

a) take into account the different collision parameters, such as the peripheral surrounding situation,
for example, the distance between the railway and the building, existence of gravel on the railroad
track, protective facilities, etc. of the target buildings and weight and collision speed of the train;
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b) assume an undeformable structure such that all kinetic energy at the time of collision is absorbed
due to the deformation of the train (see Figure A.17);

c) consider only the lead train car as the collision object. When considering the collision of a train
with more than a single car, then the collision of each car should be considered individually or an
additional load should be added to the lead car to represent the effect of the remaining cars;

d) consider the train’s height, width and position relative to the building when setting the active area
and position of the collision load; and assign conservative characteristic values for the physical
constants of the structural and non-structural members of the collision body and the building. The

strain rate effect chosen should be in the appropriate range.

A.2.2 Pra

ctical guidance

This subclayse gives practical guidance for design values of the static equivalent forces resulting from

the impact ¢
tracks or in

By definitio
operational
for people,

traffic at th
due to imp4g
in Table A.}
respectively
Fy, into accq

areas beyond the end of the track[2I[10],

f a derailed train with supporting structural members in buildings located/adjacent tp the

h according to Eurocodell?], Class A structures either span across ©nare located near an
railway. They are either permanently occupied, serve as a tethporary gathering place
br are more than one story high. For those structures where the maximum speed of rail
e location is less than or equal to 120 km/h, design values for the static equivalent fprces
ct on supporting structural members (e.g. columns, walls))should be specified as shown
. The forces F;, and F;, which are along and perpendicular to the collision diregtion,
, should be applied at a specified height above track level. The design should take F4} and
unt separately. If the maximum speed of rail traffic at the location is less than or equal to

50vkm/h, thie values of the forces in Table A.7 may be reduced-by 50 %. The duration of the forceqis in

the order of]

0,02s.

Table A{7 — Indicative horizontal static equiyalent design forces due to impact for class A
structures over or,alongside railways[10]
Distande from structural elements to the centre line of the nearest track Force Forfge
d Fdxa Fd)a
m kN kN
Structural élements: d <3 m —b —p
For continuous walls-and wall type structures: 3m<d<5m 4000 1500
d>5m 0 0
a  x=track ¢lirection; y = pespendicular to track direction.
b To be spefified for the idividual project.

Table A.8 sh
an area bey

ows the equivalent static force when a derailed train collides with a wall of a structyre in
nd'the end of the track. The loading position is 1,0 m up from the track level.

Table A.8 — Equivalent static force acting on the structure in areas beyond the end of the track

Force
Types Fy,
kN
Passenger train 5000
Multicar train after shifting to a branch line 10 000

A.2.3 Example calculation of the collision load

An example calculation of the collision loads from rail traffic is described here according to the AlJ
design guidelinel121[13],
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A finite element model of a train developed by Hisamori and Tachibanallll was used to calculate the
collision load. The train was made of stainless steel. Its total length and weight were 20 m and 26,3 t,
respectively. The finite element train model is shown in Figure A.15. The analysis was performed by
assuming a frontal collision with a rigid wall. The collision was simulated as a hard impactlZl. Four
different collision speeds were considered in the analysis: 20 km/h, 40 km/h, 60 km/h and 80 km/h.

Figuj
spee
analy
chos

is a

the 1
whed
resu
appr
triangular peak approximation were determined using the maximum load value from th
resu

a)

b)

)

d)

Figure A.15 — Finite element model of the trainl11l

‘e A.16 a) shows the analytical results for the time history/of‘the collision load at e

Ftical results for the collision speed of 60 km/h. Figure’A.16 b) shows simple tria
bn to approximate the time history of the collision lead. The principle deformation
buckling of its front end. When the collision speedis increased, the deformation pj

| occurs. The parameters of the simple triangular peaks are shown in Table A9. As
ts for collision speeds of 60 km/h and 80 kny/h show, a single triangular peak is not al
pximation of the actual time history of the collision load. For these cases, the paran]

ts and the load gradient near the maximum load in accordance with the following:

For collision speeds of 60 km/h and 80 km/h, the second peak in the analytical result
istory of the collision load decurs when the deformation reaches the wheel. The max

or the second peak is takenjto be the maximum load in these cases;

t is assumed that themaximum response of the building is due to the maximum loac

the maximum valugé-of the triangular peak is set to the maximum load in the analytical

The peak time€oythe triangular peak is chosen to reproduce the load gradient near th
load. The peaktime is obtained from the calculation result by dividing the maximum |
the load gradient near the time of the maximum load;

can'be'assumed that the maximum response and dynamic effect of the building can be

hch collision

H. Figure A.17 shows an example of the maximum defgrmation of the train obt?lligned by the

ular peaks
of the train
ogresses to

igid foremost wheel part, and the maximum lpad-value is obtained when the collisjon with the

the analysis
ways a good
eters of the
e analytical

for the time
imum value

. Therefore,
result;

e maximum
bad value by

reproduced

t
qw introducing the maximum load and the load gradient near the maximum load.

The parameters of the triangular peak are chosen so that its impulse is equal to the impulse of the
analytical results. The acting position and area of the collision load are set up in consideration of the
train height, the train width and the relative position between the building and the train.

The collision load evaluation using the detailed three-dimensional train model has been performed in
recent years with the improvement of computer performances[14115]
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Figure A.16 — Time history of the collision force at each collision speed
7
Figure A.17 — Impactsimulation (the maximum deformation)[11l
Table A.9 — Parameters for simple triangular peak used to approximate the time history|of
collision force at each collision speed
Collisipn speed Maximum force Peak timeP Duration time?
v Fmax tp tend
kin/h kN S S
D0 3500 0,05 0,12
10 5000 0,02 017
60 10 500 0,015 0,10
80 28100 0,011 0,07

analytical results.

a  Duration time was chosen so that the impulse of the triangular peak approximation is equal to the impulse of the

b The peak time is the same as the time of the maximum load in the analysis results. For the cases when the collision
velocity was 60 km/h and 80 km/h, the peak time was chosen to reproduce the load gradient near the maximum load of the
analysis results (peak time = maximum force / force gradient at a time near the maximum force).

The maximum forces in Table A.9, calculated as a frontal collision by assuming an undeformable
structure, are conservative evaluation values and are larger than the values in Table A.8[Eurocode] When
using them as an equivalent static force, it is necessary to judge the evaluation method according to the
collision situation.
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Impact from ships

A.3.1 Impact model

Impact forces for the situation shown in Figure A.18 should be determined taking into account the local
characteristics of the waterway, the ship types and velocities, traffic intensity and the environmental
situation (open water, rivers, canals, curvatures, harbour, sluices).
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structural object

centre line coordinate of water lane
roordinate perpendicular to centre line
bhip position at the time of fatal error
btructure

Histribution of ship position in sideway direction at the time of the fatal error
The scenario is as follows: a ship follows with some random sideway deviation the bas
a fatal error occurs to the ship A at position (x, y); as a result, there is a collision with structur

Figure A.18 — Ship collision scenario

bccurrence of a mechanical or navigation error, leading to a possible collision with
t, can be modé€lled as an (inhomogeneous) Poisson process. Given this Poisson failure {
sity A(x), the{probability that the structure is hit at least once in a period ¢t can be ¢

c course line
e B.

q structural
rocess with
kpressed by

(A7)

Formula (A.7):
PoATYer )=n ATy (1-P,) ”P(collision lv,x,y) f(y)dydx
where
n is the number of ships per time unit (traffic intensity);
A is the probability of a mechanical failure or human error per unit of travelling distance;
T.or is the reference period (e.g. 1 year);
P, is the probability that a collision is avoided by positive human intervention;
© IS0 2020 - All rights reserved
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X,y are the coordinates of the point of the fatal error or mechanical failure;
1% is the velocity at point (x, y);
O is the density function of the position distribution in y-direction at point of critical failure.

The probability of failure per unit of distance can depend on technical failures (engine, rudder and
communication), human errors and weather condition (wind, rain, visibility). A standard value for

hitting a side object can be (informal estimation based on Dutch observations):

1=107° per km sailing of ship

(A.8)

A.3.2 Elaboration for inland waterways

A.3.2.1 Shfip mass

Relevant shjp masses depend to a great extent on the type of waterway. Classification systems$ can
be helpful in determining the ship masses that can be expected near the structure to be assessefl. An
example acqording to the Conférence Européenne des Ministres de Transport{(CEMT) is presented in

Table A.10.
Table A.10 — CEMT classification of inland'ships
. Length Width Depth Mass
Ship class
m m m t
0 <30 — — <250
I 30to 50 5,05 1,80to 2,20 250 to 400
I1 50 to 60 6,60 2,50 400 to 650
111 60 to 80 8,20 2,50 650 to 1 00(
I\Y% 80to 90 9,50 2,50 1000to 1500
Va 90 to 110 11,40 2,50t0 2,80 1500 to 3000
Vb 110 to180 11,40 2,50 to 4,50 3000to 6000
Via 110 to 180 22,80 2,50 to 4,50 3000to 6000
VIb) 110 te 190 22,80 2,50 to 4,50 6000to 12000
Vic 190-t0 280 22,80 2,50 to 4,50 10 000 to 18 0pO
VII 300 34,20 2,50 to 4,50 14 000 to 27 0PO

A.3.2.2 Impact velocity

If no specific local data is available, mean values of 1,5 m/s for loaded ships and 2,0 m/s for unloaded
ships can bel considered. In harbour areas and in the vicinity of sluices, the velocities may be reduced to

1,0 m/s and 1,5 m/s. A lognormal distribution with v = 0,5 is recommended. Corrections can be needed

for currents and in case of drifting of unpowered ships.
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A.3.2.3 Impact forces

Given the impact energy in MNm, the following value for the elastic impact forces (in MN) is
recommended1el:

Fiynel =10,95 /Eimp [MN] (A9)
For the plastic stage (Ej,,, > 0,21 MNm):

Fyympt =5.04(1+0,128E [MN] (A.10)

imp )

The jmpact energy E;,, is equal to the available kinetic energy E, = 0,5 mv?in case of a fron|tal collision.
In cafse of a lateral impact with an angle between ship direction and object surface¢ <'45°:
Kimp =Ea (1-cosa) (A.11)

The [load duration and other details may be derived from Figure AA49; using the congervation of
momentum.

F A
« s
Cr L e— . Fign
f : >
3 t, i ¢, t
—P
F &
5 MNyt- 5 ;
: e
t. t, Pt
Key
t. dlastioperiod, in s;
tp lastic period in s;
t, clastitTespornse Ume, 1TS;
t, equivalent impact duration, in s;
t; total impact duration, in's; t; = t. + t, +t,;

¢ elastic ship stiffness (= 60 MN/m);
F, elastic-plastic limit (= 5 MN);
maximum elastic deformation (» 0,1 m);

v, sailing velocity v,, for frontal impact, v, sin a for lateral impact.

Figure A.19 — Load-time function for ship collision for elastic (upper figure)
and plastic impact (lower figure)
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The mass m to be taken into account is the total mass of the colliding ship/barge for frontal impact and
(my + my,y,q,)/3 for lateral impact with m, the mass of the colliding ship or barge and my, 4, the hydraulic
added mass. For the hydrodynamic mass, values of 10 % of the mass of displaced water for bow and
40 % for lateral impact are recommended.

In the absence of detailed analysis, example values of the forces due to ship impact on inland waterways
given in A.3.4 may be used.

A.3.2.4 Impactarea

The position and the area of impact depend on the geometry of the structure and the ship. In particular,
where relevpnt, tThe presence of a bulb front should be taken into account (see Figure AZ0]J.

A.3.2.5 Loads on the super structure

A range of § % to 10 % of the bow impact force may be considered as a guideline. In c@ses where|only
the mast is likely to impact on the superstructure, the indicative design force is 1 MN,

|_|r;r
_____________ .
i
‘J
!
I
=

NOTE The height of the area is 0,05 I but it may/belocated fully below the low or above the nigh water|level.
See EN 1991-[1-7.

Figure A.20 —Indicative impact areas for ship impact

A.3.3 Elaboration for seagoing vessels

A.3.3.1 Shiip mass

The distribytion of ship masses should be derived on the basis of the local circumstances. The values
presented in Table"A=12 can be helpful.

A.3.3.2 Impact velocity

When not specified by the project, a design velocity v,; equal to 5 m/s increased by the water velocity is
recommended; in harbours, the velocity may be assumed as 2,5 m/s.

A.3.3.3 Impact force

Given the impact energy, the force may be calculated from Formulae (A.12) and (A.13):

— 1,6 2,6
Foow —FoL\/Eimp +(5-L) > forE;, > (A.12)
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(A.13)

bow

imp

pp

m
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From the energy balance, the maximum actual crumble length-uy,, is determined using For

4 max

1S maximum frontal collision force, in MN;
is reference collision force (= 210 MN);
is available impact energy, in MNm;

is length of the ship, in m;

is mass of the vessel plus added mass upon movement in the Jengitudinal directig

is initial speed of the ship in m/s.

_nEimp
2F

bow

The gssociated impact duration, t, is represented-by Formula (A.15):

In thle absence of detailed analysis, example values of the forces due to impact with sea

umax
t) ~1,67 -0

Yo

given in A.3.4 may be used.

A.3.4 Examples of impactforces

Tabl¢ A.11 gives some example values of the forces due to ship impact on inland waterways,

n, in 106 kg;

mula (A.14):

(A.14)

(A.15)

going ships

Table A.11 — Indicative values for the dynamic forces due to ship impact on inland waterways

Length Mass Force? Force

? l\:: Reference type of ship 1 m Fy, Fy,

lla m t kN kN
T 30-50 200-400 2000 1000
II 50-60 400-650 3000 1500
II “Gustav Konig” 60-80 650-1 000 4000 2000
IV Class “Europe” 80-90 1000-1 500 5000 2500
Va Big ship 90-110 1500-3 000 8000 3500
Vb Tow + 2 barges 110-180 3000-6 000 10 000 4000
Vla Tow + 2 barges 110-180 3000-6 000 10 000 4000
Vlb Tow + 4 barges 110-190 6 000-12 000 14 000 5000
Vlc Tow + 6 barges 190-280 10 000-18 000 17 000 8000

3 The forces F, and F,, include the effect of hydrodynamic mass and are based on background calculations, using
expected conditions for every waterway class.

© IS0 2020 - All rights reserved
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Table A.11 (continued)
Length Mass Force? Force
CEMT Reference type of shi l m F F,
class yp Y dx dy
m t kN kN
VII Tow + 9 barges 300 14 000-27 000 20000 10 000
2 The forces Fy;, and Fy, include the effect of hydrodynamic mass and are based on background calculations, using
expected conditions for every waterway class.

In harbour areas, the forces given in Table A.11 may be reduced by a factor of 2.

Table A.12 giives some example values for design forces due to ship impact for sea waterways.
In harbour greas, the forces given in Table A.12 may be reduced by a factor of 0,5.

For side and|stern impact, it is recommended to multiply the forces given in Table A.12 by-afactor df 0,3,
mainly because of reduced velocities. Side impact may govern the design in narrow waters where head-
on impact ig not feasible.

Table A.12 — Indicative design values for the dynamic interaction forces due to ship imp3act
for sea waterways

Length Mass Farce Force
Class of{ship l ma Fy,be Fq,Pc
m t kN kN
Small 50 3000 30000 15000
Mediym 100 10 000 80000 40000
Large 200 40 000 240000 120 000
Very large 300 106000 460 000 230000
a2 The massimin tons (1 t=1 000 kg) includes the total'mass of the vessel, including the ship structure, the cargo arld the
fuel. It is often) referred to as the displacement tonnaget does not include the added hydraulic mass.
b The forcep given correspond to a velocity of about 5,0 m/s. They include the effects of added hydraulic mass.
¢ Where refevant, the effect of bulbs shouldbe‘accounted for.

A.4 Impad

A.4.1 Imgp

A4.1.1 Ag

ct from airplanes

act model

cident model

The probabi

lity*of'a structure being hit by an airplane is very small. Only for exceptional structureg like
nuclear power_plants, where the consequences of failure can be very large, is it mandatory to ac¢ount

for aircraft impact during design.

For air corridors, the probability of an impact force F, exceeding a value X in a period T, is given by[2l:

P(F.>X)=nT.A Ay, Py, P(F. > X|impact) f, (y) (A.16)
where

n is the number of planes passing per time unit through an air corridor (traffic intensity);

Tof is time period of interest (usually one year);

A is probability of having a crash per unit distance of flying;
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fi(¥) isdistribution of ground impact perpendicular to the corridor direction, given a crash;
Ay is the plan area of the building including the shadow area;

is probability of not avoiding a collision with a specific object, given an airplane on colli-
sion course.

P

na

The area Ay, is the area of the building itself, enlarged by a so-called shadow area (see Figure A.21). The
strike angle a is random.

2 b
Z o

Key
1 lbuilding

2 flight direction
a  dtrike angle

Figure A.21 — Strike area, A4, for an airplanecrash including shadow are4

For the vicinity of an airport (at a distance r) the impact force distribution is based on Formulae (A.17)
and (A.18)[9}:

P(F.>X)=nT,e Py, A(r)Ay P(F. > X |impact) (A.17)
AR
A(r)=— A.18
(r)== (A.18)
where
A is average air-plane collision rate for a circular area with radius R = 8 km;

A(r) s collision rate for crash at distance r from the airport with r <R;

R isradius of airport influence circle;
1 15 distance to the airport.
Numkrical values are presented in Table A 13
Table A.13 — Numerical values for the air plane impact model
Symbol Impact model Numerical values
Crashrate
A — military plane 10-8 km™1
— civil plane 109 km™1
_ Average collision rate for airport area
A — small planes (<6 ton) 10~4yr-1km—
— large planes (>6 ton) 41075 yr1km=2
R Radius of airport influence circle 8 km
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Table A.13 (continued)

S

ymbol Impact model Numerical values
Mean 100
a Strike angle Standard deviation 100
Rayleigh distribution

A.4.1.2 Riera mechanical model for small planes

The impact force for airplanes is given as a force-time function or is directly obtained by finite element
analysis using a detailed airplane model.

RierallZ] pey
called the R
to be rigid;
system. The

by the Formjula (A.19):

v(x)

Both F,[x(t)]
the nose. Su
crashing inf]
F-4 aircraft)

A.4.1.3 Gd

The model ¢
A more real
structure ar
elements of
of the aircr
destroyed. 4

lgano, et al. (1993)[18] performéd experiments consisting of an actual full-scale F-4 air

formed the initial work for the force-time function computation of the airplane impact
jera model. The method has been used in many cases to date. The hit structure-is‘assy
the crash is normal to the structure, and the aircraft can be simplified by a mass-sj
total reaction at the interface between the crashing aircraft and a rigid surface F(t) is

L [x(6) ]+ u[x(t) ]v(¢)°

is the distance measured from the nose of the'aircraft;

/(5)dS

is the dynamic force necessary to crush or deform the fuselage quasi-staticg
is aircraft mass per unit length;
is velocity of the uncrushed portion of the aircraft.

and p[x(t)] are functions of the position along the aircraft, which is usually measured

0 a massive concrete blockitand included the mass distribution and crushing force fo
which are required input for the Riera method.

neral mechanical‘model for large planes

f a fully rigid‘structure as assumed in the Riera model is not very realistic in most g
stic analysis{or large planes, however, asks for a complex interaction between the airy
d the budlding structure. An integrated non-linear dynamic FEM model may be used wi

nft.ds'well as the building structure at the impact zone will be completely deformed
Lctually, combination with fire modelling also seems realistic.

Jtis
imed
hring
riven

\.19)

lly;

from
craft
r the

ases.
craft
th all

the ajreraft at ¢ = 0 having a velocity v, and the structural elements being at rest. Elempents

and

A.4.2 Elaboration and examples

Figure A.22 shows an example of mass per unit length, u[x(t)], for the F-4 Aircraftl12l. Figure A.23 shows
an example of measured crush force, P[x(t)], for the F-4 aircraft including skids and rockets[12].
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Figure A.22 — Example of mass per unit length, y(x), for the F-4 Aircraft
with (upper curve) and without (lower curve) skidsand rockets[1?]
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Figure A,23>>- Example of measured crush force, F_ (x), for the F-4 aircraft
including skids and rockets[19]

The rollisionSpeed and mass and stiffness distributions of the aircraft are important in evaluating
the impactsload caused by the aircraft collision. Any speed from among the takeoff and landing
speef, gliding speed and cruising speed is generally used as the collision speed. In the dase of large
passenger aircraft, the speed at the time of take-off and landing is generally used because fthis is when
accidents often occur. Table A.TZ shows the aircrait mass and Il1ight speeds for various types of aircraft.
Figure A.24 presents the force-time functions for various aircraft types according to Riera.
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Table A.14 — Aircraft weights and flight speeds for a typical fighter aircraft, a passenger
aircraft, and a small aircraft(20]

M Flight speed (horizon-
) ] ass
Aircraft type Typical model tal)
kg m/s
. ) F-15C 20 244 1302
Fighter aircraft
F-16C 11372 1502
Passenger aircraft B747-400 394 625 256P
Small aircraft Cessnal72 1089 56b
Smpall rotorcraft AS350B 1900 65P
a  Gliding speed.
b Crpising speed.

F
250

200

150

100

50

Key

F  force (MN)

t time (mg)

1 commergial passenger aircraft (Boeing 747-400)
2 commerg¢ialpassenger aircraft (Boeing 720)

3  military jet (Phantom RF-4E)

4  military jet [MRCA (Tornado)]

5  private passenger aircraft (CESSNA)

6  private passenger aircraft (LEAR JET)

Figure A.24 — Force-time functions for various aircraft types according to RierallZ]

The collision speed of the entire aircraft is often used as the collision velocity for the design when
evaluating penetration and scabbing. This is performed by assuming the scattering of relatively hard
components, such as the engine.
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The maximum value of the force-time function or an equivalent static force with an impulse equivalent
to that of the force-time function may be used in the design consideration because of the necessary
superposition with the other loads.

Meanwhile, the impact experimental results are effective as reference data of the load calculation.
Many simulation analyses for the experimental results were published in the literature (e.g. impact
experiments using an aircraft enginel221(23], and also an entire airplane, for example, the F4-Phantom
fighter aircraft(24]-[26]), The Nuclear Energy Agency (NEA) and the Committee on the Safety of Nuclear
Installations (CSNI) jointly conducted the IRIS 2010 project called “Improving Robustness Assessment
of Structures Impacted by Missiles”[2Z]. One of the experimental datum sources, which was known as
the Meppen Testl[28], was conducted in Germany in the 1980s. An overview of the simulation analysis of

the eﬁperlmenf Tesults [)y 23 parEICIpaEmg Tesearch INStitutes 1s shown In Relerence |L7 l

The jmpact load evaluation has been performed in recent years by the coupled analySis‘of the airplane
and the structurel221-[33], More rational designs have also become possible with-the impfovement of
computer performances.

A.5 | Impact from helicopters

A.5.1 Impact model

Imp4gct caused by the helicopter fall (bad landing) and collisién)on buildings is in particylar relevant
for bpildings with a heliport on the rooftop. According to the'Al] design guidelinel1%, the cpllision load
acting on the building depends on the helicopter’s mass, fall/descending speed at the time of collision,
fuselpge structural strength and stiffness, etc.

The ¢ollision load can be determined using one of thefollowing methods:

— Approximation as a triangular wave using.an energy-based approach; in some cases, tHe maximum
yalue of the triangular wave may be usedas a static design load.

— Determination of the design loads.by applying a detailed analytical model.

The probability of a structure being hit by a helicopter is very small. For air corridors, r¢ferring to a
caseof an airplane, the probability‘can be calculated by Formula (A.16).

The fraffic intensity and the‘hélicopter failure intensity should be estimated on the basis of national or
regidnal statistics, taking\cdre of local circumstances like curvatures and grades.

A.5.2 Practical guidelines

A.5.2.1 Building factors that affect the impact risk from helicopters

To agsess the impact risk resulting from helicopter fall and collision with building rooftop, the following
factdrs’should be taken into consideration:

— buildings with heliport on the rooftop,
— determination of the size and mass of the helicopter based on the flight condition of the helicopter,

— determination of a collision speed and collision target members of the helicopter based on the flight
conditions,

— consideration of impacts caused by the helicopter fall and collision to the building columns, beams,
and walls of the upper floors, though the main collision target is the slab of the rooftop,

— whether anti-collision measures such as fences and shock absorbers are present; anti-collision
measures make it possible to reduce the design load in accordance with the effect of preventive
measures.
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Iculation of impact load of the helicopter

the collision load acting on the building, one should:

mass and collision speed of the helicopter,

helicopter,

assume

a collision with building rooftop to occur due to a helicopter free-fall from the sky,

conside
active a

assign

structu
in the a

A.5.2.3 De

Design valu
force define

E,=C1

where

C is3
m

The typical
anticipated
the impact g

A.5.3 Exa

In this exanpple, the impact loadlis estimated by assuming impulse during impact (time integral {

of the impaq
velocity). Fy
the collision
value is detg
the helicopt

is the mass of the helicopter, in kg.

' the helicopter’s height, width, length, and position relative to the building when settin|
rea of the collision load,

conservative characteristic values to the physical constants of the structural’and
al members of the collision body and the building. The strain rate effect selected shoy
bpropriate range.

sign load specifications

s for accidental actions due to impact from helicopters may be given as an equivalent §
d as followsl:

1

(kN kg05);

mass of a helicopter is several tons:so the design force (kN) is in the order of 103 kN
pffective area of the impact force-i's within 7 m away from the edge of the landing pad
reaistakenas2m x 2 m.

mple of impact load calculation

take into account the collision parameters, such as peripheral location of the target buildings and

assume that most of the kinetic energy at the time of collision is absorbed due to deformation of the

g the

non-
Id be

tatic

\.20)

The
, and

ralue

t load) to be equabto the momentum of the impact phenomenon (helicopter mass x i

speed under'the assumption that the collision speed is constant. Thus, the maximu

The exampl

pact

rthermore, duration time is obtained by dividing the crumbling height of the helicopter by

load

rminedby/the impulse and the duration time. For the dropped helicopter, the full height (of
br) isiequal to the cabin height, assuming a forced landing from the base of the helicopter.

ps-0f the collision load are determined by using a method where the mass, cabin heighf and

collision speed of the helicopter are assumed as shown in Table A.T5 and Figure A.25. A triangular pulse
is assumed here, but a rectangular pulse or another appropriate shape can be assumed according to the
collision situation. Moreover, the acting position and area of the collision load are set up in consideration

of the helico

48

pter’s height, width, and relative position of the building to the helicopter.
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F
Fmax _______________
0 At t
Key
F orce (kN)
t ime (s)
F,,.x maximum force (kN)
p mpulse (mass m times velocity v) (kN s)I
At force duration (crumble length/impact velocity) (s)
Figure A.25 — Time history of impact force for impact by helicopters and fork lif§ trucks
Table A.15 — Parameters of helicopter and impact load
Cabin height| Crumbling zone of . Force dura-| Maximum
Mdss cabin height Dropped height| Impact vel. tion force
n H, u, h v At=uy/v | Fl.,=2mv/At
m m m km/h S kN
i 5 35,6 0,152 522
’ 10 50,4 0,107 1046
1,5 0,75
) 5 35,6 0,152 1046
10 50,4 0,107 2090
NOTE The crumbling zone uy oficabin height is assumed to be 50 % of the cabin height H,,.
A.6 | Impact from forklift trucks
A.6.1 Impactmodel
Forkl|ift trucks are mainly present in large storage buildings and for a serious hazard for| the storage
racks and the building components. In some cases, the two systems are integrated.

The collision loads depend on the forklift’s mass (inclusive its loading) and the collision speed.

The

collision load can be determined using one of the following methods:

— Approximate the collision load as a triangular wave using an energy-based approach and apply the

approximated maximum value of the triangular wave as a static design load.

Determine the design loads by applying a detailed analytical model.

The impact force should be determined taking into account the local characteristics of the place. The

obje

ct may be a wall or a column of the building or for instance any protective structure.
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A.6.2 Practical guidance

A.6.2.1 Building factors that affect the impact risk from forklift trucks

To assess the impact risk resulting from forklift collision, the following factors should be taken into
consideration:

— collision and rush of the forklifts due to erroneous operation for the buildings where forklifts work;

— not only the structural members of the building such as columns and walls, but also the non-
structural members, such as the racks, the windows and entrance doors;

— the size|and mass of the forklift based on the working condition of the forklift;

— whether anti-collision measures such as steps, bollards and grooves are present. If they arej it is
possible to reduce the design load in accordance with the effect of the preventive measures.

A.6.2.2 Callculation of impact load of the forklift

To calculate| the collision load acting on the building, it is important to take«into account the collision
parameters) such as peripheral location of the target buildings, working eavironment of the forklift,
weight (sung of the self-weight of the forklift and the load weight) and collision speed of the forklift:

— assume|a hard impact for which all kinetic energy at the time ‘%f collision is absorbed due tp the
deformation of the forklift;

— consider the forklift’s height, width, length and position-rélative to the building when setting the
active afea and position of the collision load; and

— assign ¢onservative characteristic values to the\physical constants of the structural and |non-
structural members of the collision body and the-building. The strain rate effect chosen should|be in
the appfopriate range.

A.6.2.3 Dgsign load specifications in Eurecodel1!

In the Eurodode, design values for accidental actions due to impact from forklift trucks are deternjined
considering| the dynamic behaviouf jof the forklift truck and the structure. As an alternative|to a
dynamic anglysis, an equivalent static design force F may be applied.

It is recommpnended that thesvalue of F be determined according to advanced impact design foy soft
impact. Alternatively, it isiceCommended that F be taken as 5W for vertical direction, where W(KIN) is
the sum of the net weightand hoisting load of a loaded truck. The height of the loading is determined
corresponding to theconditions of the anticipated event and the basic height is 0,75 m above the floor.
Horizontal loads due to acceleration or deceleration of forklifts may be taken as 30 % of the vertical
axle loads W(kN)

A.6.3 Example of impactload calculation

In this example, the impact load is estimated by assuming impulse during impact (time integral value
of the impact load) to be equal to the momentum of the impact phenomenon (forklift mass x impact
velocity). Furthermore, duration time is obtained by dividing the crumbling length of the forklift by
the collision speed under the assumption that the collision speed is constant. Thus, the maximum load
value is determined by the impulse and the duration time.

Some examples of the collision load determined by using a method where the mass, crumbling length
and collision speed of the forklift are assumed as shown in Table A.16 and Figure A.25. The acting
position and area of the collision load are set up in consideration of the forklift’s height, width and the
relative position of the building to the forklift.
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Table A.16 — Parameters of forklift and impact load

Total Length Crumbling Impact vel. Force duration | Maximum force
mass length
m Iy u, v At=u,/v F=2myv/At
t m m km/h S kN
10 0,11 150
3 3,0 0,30
15 0,072 350
10 0,17 290
9 4,8 0,48
15 0.12 650
10 0,26 590
28 7,3 0,73
20 0,13 2400
NOTE The crumbling length u, is assumed to be 10 % of the total length I,.

forces in Table A.16 are based on the assumption that the truck absorbs\all the ener
; however, it is more likely that the truck is relatedly stiff and the slender structural
b all energy. In that case, the element can may be deformed in such-a way that the 1
r the regular load is strongly reduced and not sufficient anymore. The global structur
depends on the capacity of the structure to find a second load path.

Impact by falldown streaming and sliding materials

| Free falling objects

e are occasions when designers are concerned about objects dropping on structure

ents accidentally are not fully fixed. The-falling material can also have natural causes.

inalysis often involves at least twao considerations:

ailure of structural elements by flexure and end shear.

weight roofs, such as-those of metal deck, are unlikely to experience punching failu
mass is small enodgh’and their susceptibility to local bucking failures forces them tg
ral beam or platé-elements. Theoretically, it is possible for high-velocity debris to pu
massive concrete decks, which generally have brittle shear characteristics. However,
jects typically under consideration, falling from a few tens of meters height, usually

ity missiles). Nevertheless, rigid objects falling on concrete decks likely cause local
palling.

gy; in many
blement will
esistance to
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achieved through the assessment of the dissipation of the energy and momentum of the falling object.
An object in freefall has the following energy and momentum:

E=0,5m; vr2 =mg gh

p=mg v, =mg/2gh

© ISO

2020 - All rights reserved
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where

E isthe kinetic energy of the falling object;

p isthe momentum of the falling object;

m; is the mass of the falling object;

h s the height of fall;

g is the acceleration due to gravity.
Normally, ope would not assume that the impact is elastic (i.e. the falling object does not baunce ppon
striking the|structure). Usually, it is assumed that the impact is plastic, and the response,depends on
whether thgq falling object remains intact or disintegrates upon impact. If one assumes that the f3alling
object (e.g. p piece of rigid machinery dropped by a crane) remains intact, then 'a)straightforward
approach tq evaluating the response is to impart the momentum of the falling object to a mass
represented by the combined mass of the falling object and the engaged structure, and determing the

resulting ki}

hetic energy that is dissipated by the structure, as per Formula (A.23):

m fz
E.=—t——gh (A.23)
me [+mg
where
E. is tIe kinetic energy of the combined mass;
m; is the mass of the engaged structure.

While this 4
deformation
because it a
has a finite
elastic limit
falling objed
structure is
deformation

Assuming t
breaks apar
transferred
in all direct
structure cg

pproach accounts in some measure for dissipation of energy due to the collision thr

of the impacted surfaces, generation of noise and heat, etc., often it is conserv
bsumes impact is instantaneous whereas the force between the falling object and stru
duration, and is on the orderof the time it takes for the deflecting structure to reac
. Moreover, the falling object rebounds and certain kinetic energy can be stored iI
t. Also complicating the.analysis is the estimation of m,. because not all of the mass ¢
engaged to move at.the same velocity. Hence, an equivalent mass which is calculated bj
mode of structure_ ean be assumed.

hat the dropped mass disintegrates (e.g. a falling section of unreinforced masonryj
t when striking a roof), then it can be assumed that the momentum of the falling mz
to the engaged structure, with the pieces of the broken falling mass dispersed latg
ions across the roof structure. In this case, the kinetic energy that is dissipated b
nbetaken as:

ough
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rture
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(A.24)

This approach also is conservative in most cases. For scenarios in which the falling object is assumed to
disintegrate, the neglected rise time for the interacting force is on the order of the time it takes for the
falling object to break into pieces. As an alternative to both of the assumptions presented above, it can
be assumed that all the kinetic energy of the falling body shall be dissipated through deflection of the
engaged structure. Using these energy balance approaches, the problem becomes one of determining
whether the structure should remain elastic and, if not, how much ductility and nonlinear response is
necessary to dissipate the kinetic energy and bring the moving portions of the structure to rest before
failure. This can be done by tracking the initial kinetic energy plus the change in potential energy as the
structure deforms after the impact, and plotting it against the energy dissipated through conversion to
strain energy, first through elastic response and then through post-elastic response, of the structure.
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The structure comes to rest, and survives, if the energy dissipated at any particular deformation
exceeds the imparted kinetic energy plus the added change in potential energy before a structural
resistance, such as ultimate flexural capacity or end shear capacity, is exceeded. Of course, more
rigorous approaches are possible. Sophisticated software is suited for such problems. The problem is
complicated by the possibilities about where the impact can occur: will the object strike the structure
near midspan of an element, inducing primarily flexural response, or will it strike near a support
point, thereby rapidly raising end shear that often produces a relatively brittle failure mode? This is
often addressed by postulating several scenarios and testing the outcomes, ultimately considering
the probabilities of certain impact locations while making decisions. For instance, one can consider
how far horizontally a section of masonry, if it becomes dislodged, can land from the face of a building
under renovation. Also, one can control the swing of a crane hoisting an object over a building if there

are
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articularly vulnerable impact locations that should be avoided. One can assess thep
re due to impact at a random location by calculating the roof area over which impa
F and assessing the percentage of that roof area over which impact will likely catise fai

!

ly, the force on the structure as well as the duration may be estimated fsem using t
Clause 6.

A

2 Falling or sliding of geo-material

e are several kinds of impact phenomena due to falling or(sliding of geo-materig

deration regarding extreme rainfall. In general, impact;phenomenon by geo-materia
Collision of two solid bodies and standard impact foree fyy,,, is calculated by the He
ryl[351[36], After that, the real impact force is usually*wevised by certain experimenta
r as follows.

Idesign :ﬁ'FHertz

e fis an experimental correction factori.See also A.7.4.

B Rockfall

3.1 General

ckfall is defined as a_fragment of rock (a block) detached by sliding or falling, that

ccal or sub-vertical gliff) descending the slope by bouncing and flying along ballistic tr
alley floor. An aecident caused by a falling rock is common problem for mountainou
borld. In the case-of direct collision, instantaneous huge impact load is arisen by rockf

ly
f

e structures: For example, when a falling rock collides with sand and penetrates int
inally distributed pressure acts on the surface of the structure. Thus, many full-scale
been\performed in order to determine reliable design force of a falling rock with sand

robability of
Ct is equally
ure.

he formulae

I such as a

fall and debris flow. These phenomena are usually caused-by excessive land utilizati¢n or lack of

is assumed
'tz’s contact
1 correction

(A.25)

falls along a
hjectories to
s regions in
all. To avoid

lirect collision-and soften impact action, cushion material such as sand or rubber is isually used

b sand layer
pxperiments
cushion.

3.4

Impact action or a rockKiail

Collision of a rockfall with sand cushion is an energy dissipation phenomenon with plastic deformation
of sand layer. However, for the sake of convenience, the maximum impact force equation of rockfall is
based on the improved Hertz's contact theory and each parameter is empirically determined by full
scale impact experiments. See also References [35] and [36].

2/3
F_ . =2,108(mg)** A%/5H3/5 (A.26)
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maximum impact force, in kN;
mass of rock, in t;
acceleration of gravity, in m/s?;

Lamé's constant;

equivalent drop height of rock, in m.

where
F .« IS
m is
g is
A is
H is
In Formula
by regressi
1000to 10
On the othel
Fmax :1
where
tqg is
Ly
C. is
p. s
By
B
d is

To decide dg
are usually

a numerical

Figure A.27
simulation

extremely 13
more effect

D00, depending on the state of the sand cushion.

8,6 5. m Y291

tq

duration of impact force, in s

uniformity coefficient of cushion;
correction factor concerning cushion
=-5,34d+5,84 ford< 0,9

=1,03 ford = 0,9;

thickness of cushion (m).

rockfall acc

dent for the slone of the complex tonooranhy
g Po5S Py

 hand, the Formula based on the conservation of momentum has alsp-been presented:

= (0,048 1 + 0,000 64H) m%27 C_;(usually betweenS ms and 40 ms);

A.26), Lamé's constant A is regarded as a control variable and adequate value isddeternjined
n of full-scale experimental results. The value of A (kN/m?2) is usually used)in the rfange

(A.27)

bsign condition such as mass and equivalent height of rock, rockfall trajectory simulafions
performed. In the simulation, a rock is assumed to be a rigid body. The motions suth as
jump, collision, slide or rotation-0fa rock are considered and reaction force by slope is calculated yising

time integration-Sehemel. Figure A.26 shows an example of trajectory simulation fror;tll
different release positions{C\to G determined by real slope condition.

five

shows the tazard map of rockfalls based on the kinetic energy of rockfall using traje¢tory
results, ‘Relatively large energies (over 3 000 kJ) are observed at lower slope and [even
irge, (more than 6 000 kJ) area is also found. The use of this kind of simulation methfod is
ve and rational than the use of equivalent coefficients of friction to estimate the risk of
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© IS0 2020 - All rights reserved

The forces given in this subclause do not include dynamic effects inside the structure.
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A.7.4 Debris flows

A.7.4.1 General

Debris flows (not mud flows) are geological phenomena in which water-laden masses of soil and
fragmented boulder rush down mountainsides and run into valley. They generally descend steep
channels and their average speed surpasses 10 m/s (more than 20 miles per hour). The volume of
debris flows is larger than 100 000 m3 frequently in mountainous regions worldwide such as the Alps,
United States, Japan, Indonesia and South American countries. A design impact load and/or energy
of boulders contained in a debris flow on check dam structures, are described in this annex. The

check dam structures discussed herein are usually constructed in rivers in mountainous area. |

n the

descending
mechanismj
on human li
expected to
downstrean

A.7.4.2 Mass and velocity of boulder used in the design

The impact
determined

that the boullder is spherical and collides with the check dam perpendicularly.

A diameter
the design d
95 % non-ey
investigated

The velocity
for instance

process, huge boulders and gravels gather in the front part of debris flow due to segreg
and significantly increase collision energy of the huge boulders. To prevent consequg
ves and society, check dam structures are usually constructed in the upstream'site an
catch the debris flow and boulders directly, which mitigates energy of the debiis flow i
1 sitel64],

energy and impact load for the collision between the boulder anid check dam are geng
with a mass and velocity of the boulders. It is implicitly assunied in the structural d

of the boulder is determined as a probabilistic valueiS which is the event probabilit
ebris flow from the upstream site to the check dam~For example, S can be determin
ceedance value of boulders size of samples. In thisiease, the tenth diameter in 200 bou
in upstream of the river is determined as the design boulder diameter.

v is associated with the peak discharge.calculated by using a probabilistic precipitd
a return period of 100 yearsle3] to [66],

htion
nces
d are
n the

rally
Psign

y for
bd as
Iders

tion,

A.7.4.3 Impact action on the concrete checkdam
The force F acting on the concrete structures by boulder collision is given by Formulae (A.28) to (4.32),
which are baised on the Hertz's contaettheory and observation result in the sitel67],
F=B-ng3/? (p.28)
n= |—f 16R 5 (p.29)
91t (K, +K, )
1-y,2 1-v,2
K| =—73 K,= (pA.30)
Th, nE,
2/5
2
o=l 2V , nl_i (A.31)
4nn m,
m
B=(E+1)°8, E=—22 (A.32)
m
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where
R is the radius of boulder, in m;
E; is the average Young's modulus of concrete during failure process (modulus of defor-
mation for ultimate strength), in N/m?;
E, is the Young's modulus of boulder material, in N/m?;

ratha Paiccan'c vatine of concrntn and bhaonldare ymoatarial racnactivalyg:
e-tHe-roIS5eH-5aHe5- 8- concreteaha B othaersiateHanFespectHverys

BRe-Y—a
m, and m, are the masses of concrete and boulders, respectively, in kg;
i is the coefficient determined by experiments.

W is the velocity of the boulders

The qverage Young's modulus of concrete E; is usually set as 1/10 of the-Yeung's modulus o
the €lastic range.

A.7.4.4 Logjams inrivers

[ concrete in

A different type of debris related accidental event is the :\development of log jams in rivers that can
lead |to the rise of water levels and subsequent flooding’as well as increased hydraulif loads (see

Reference [68]).
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Annex B
(informative)

Guidance on detailed explosion analysis

B.1 Internal gas and high energy explosions in buildings

B.1.1 Mocllels for explosion

B.1.1.1 Gdneral

Three diffeyent categories of models for prediction of overpressure due to internal explosiony are
discussed. Tlhese are empirical and codified models, CFD-models and phenomeno¢lggical models.

B.1.1.2 Empirical and codified models

Numerous ¢mpirical methods predicting explosion overpressures.based on explosion venting are
published in the literature. The models are valid for a limited range.of&ariables such as volume, butrning
velocity, maks of fuel (air mixture) and vent areas. The empirical correlations are based on the concept

of a vent cogfficient K, as per Formula (B.1):
A
K=— (B.1)

A,

where

A, is tIe area of the side of the enclosufte;

A, ist

v e area of the vent opening,

Venting pankls should open at a lowerpressure than that can be sustained by the surrounding strug¢ture
and should be as light as possible. The vents should be designed such that they open at a pressurg¢ less
than or equal to half of the (desired) design overpressure p..q = pg-

In determining the capacity of a venting panel, account shall be taken of the dimensioning and
construction of the supperting frame of the panel.

Where a vent is uséd;after the first positive phase of an explosion with an overpressure, a second ghase
can follow with‘n under-pressure. This effect should be considered in the design where relevant.

Where used; vernting pamnets should be placed ciose to the possibieigmition sources, if kKimow, or where
pressures are expected to be higher. They should be discharged at a suitable location that will not
endanger personnel or ignite other material. The venting panel should be restrained so that it does not
become a missile in the event of an explosion. The design should limit the possibilities that the effects of
the fire cause any impairment of the surroundings or initiates an explosion in an adjacent room.

A venting solution shall not be used if toxic dust, or other associated toxic substances, which cannot be
vented to the atmosphere are present unless allowed for by an appropriate risk assessment.

Loads of structural members are not only determined by the peak pressure in the room but also
depend on the total configuration. For instance, ignition of a vapour inside a building releases heat that
generates overpressure in the confined space. That overpressure drives flow toward vent openings.
The loads to which structural elements are subjected can be a function of the position of those elements
relative to shock fronts (particularly for high-energy explosions) and heat-induced flow. For example,
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column 4 in Figure B.1 can be loaded relatively uniformly on all sides for a vapour explosion and can
survive the explosion, whereas column 2 within the venting path can experience unequal loads on
opposing faces, more significantly threatening its survival. Of course, these are generalizations that
express concepts rather than provide specific guidance.

w
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Panels 1 are venting panels; 2, 3 and 4 are columns in different Ioading situations

Figure B.1 — Floor plan with differentlysituated columns

N.\\\\\\

Interfior detonations of high-energy explosives can be addressed conservatively by calculating the peak
gas qverpressure, p,., from Figures B.2 and B.3 for«¢he particular explosive compound. [The interior

surfdce of interest shall be designed for this gas overpressure applied statically.
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Figure B.3 — Peak gas-overpressure for HMX, PETN, PENTOLITE, HBX-1, and TRITONAL
(ASCE/SEI 59-11)
To qualify for this appfoach the following has to apply:

a) The blast oectirs internal to the structure.

b) The struecture has no unusual geometric irregularities in spatial form and has a maximum aspect
fatie in plan dimensions less than 1,3.

C Thaualiyma nead +0 caleoplarn tho loading dancityy 1o +ha “Conn” ol n b
Vot eSSttt ttaretate e 16 g ae RSty IS5 tnt—ree—vortHe,—wWr

re-total volume
minus the volume of all interior equipment, structural elements, etc.

d) The minimum covered vent area, 4,, is greater than or equal to 0,20 V;2/3, where Vris the internal
free volume of the structure.

e) The unit mass of the vent(s) is less than or equal to 120 kg/m?2 (25 psf).

This procedure conservatively applies the gas overpressure as a static load on the affected surfaces.
In some situations, this results in an acceptable design. In others, the design can be excessively
conservative due to venting and the comprehensive methods of Reference [69] [UFC 3-340-02 (DoD
2008)] can be used. See Reference [70] for more information.

As an alternative to the approach described above, one might follow rigorous procedures that model
the explosive environment and the structural response accurately.
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B.1.1.3 CFD-models

In the computational fluid dynamics (CFD) approach, the physics are resolved numerically by dividing
space into small control volumes and implementing models for various phenomena like fluid flow and
turbulence. In each cell, all variables are assumed constant in one-time step, and based on the flow
balance and fluxes, as well as physics taking place inside the cell in the next time step, the variables may
change. For explosions, further models have to be incorporated compared to a standard CFD-model, as
flame propagation and combustion have to be modelled. Thus formulae for:

mass balance (continuity),

impuls

S
T

enthalpy,

turbulence,

fuel traj

isport and mixture fraction
are solved for each time step and control volume.

[ pressures in the far field are to be assessed, models like Reference [71] may be uised.
luced model. Based on a simplified geometry representation, and assumption on conptant
ng velocity, blast curves for a specific situation can be gen€tated. By treating the geometry
etails about the flame development are lost, and an exploesion strength has to be assurped.

If only blas
This is a red
(high) burn
simplified, d
1t on

Several of the weaknesses with the different empirical curves dre avoided with this approach, b

the other h
advanced C
generate thd

There is a rd
To be able tq

Special purj
developed b
differences

General puj
structural r

Even with rd

to capture the explosionphysics taking place at small scales. Examples of such sub-grid models are:

turbule

a)
b) flamep

nd, the simulation time is significant and nearly the¢’same as for a full CFD-simulation.
FD-models can be used for such a simplified approach, if it is considered too expensi
detailed geometry model.

nge of CFD-models that claim to simulate gas explosions as well as high energy explog
develop such tools properly, good knowledge about experiments and physics is neede

pose CFD-models have a greatef potential to perform well, as all of these simulator
y people doing experimental dnd theoretical work within gas explosions. Still, signif
hre seen between the models;'both with regard to applicability and validity.

pose structural programs with CFD-packages can analyse the blast environment
Psponse.

fined analysis grids (typically 0,5 m to 1,0 m in an offshore or industrial module), it is dif

hce,

Fopagation/wrinkling,

Also,
ve to

ions.
d.

5 are
icant

and

ficult

c) waterd

1
uge:

Since geometry and scenario details are of high importance for explosions, the special purpose CFD-
models need to represent geometry properly. Porosities/blockages are calculated due to geometry
mapping onto the simulation grid. Geometries can be either defined by hand or imported from CAD
systems.

The output from a simulation with CFD-models has few limitations. Output can be either pressures,
flames or any other parameter modelled, either as a 2D/3D field plot of one variable at one or more time
steps or transient pressure traces at certain locations or wall panels.

In practice, the accuracy of the CFD models is limited by:

— available computation power limiting the numerical resolution,
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— the accuracy of numerical models,

— the underlying empirical sub-models for reaction zone, turbulence generation, turbulence length
scale, turbulent combustion, etc.

B.1.1.4 Phenomenological models

For the prediction of vapour explosions inside vented compartments, there is one group of models
referred to as phenomenological models as implemented several computer programs. These are based
on 1D considerations, trying to model some of the physics involved in the process. A typical module
may be divided into a limited number, typically less than 10 individual control volumes. Effects not

pickd
rang

Inpu
of th|

d up by the physics are handled by a range of empirical constants found from calibratj
b of relevant experiments.

F is a rough geometry model. The available vent area is of importance, andfor‘each
e module in the simulation, the blockage has to be estimated. The chambgéryof igniti

given. Now and then, these models are applied to other situations than develgped for, e.g. |

mod;
pring

The
limit|

iple, such models can be considered just as CFD-models with a very coarse (poor) grid

putput from phenomenological models is also limited, as the gedmetry may only be dj

com

B.1.1

Somé
CFD
mod

ed number of control volumes, thus the computed pressuresare the average over a rel
e. No local pressure peaks are picked up; this is another reason why these models are

volu
whe?applied to more open process areas and modules. Validation of these models is gener

arison of simulation results with experiments.

.5 Summary of empirical and codified models

e of the relevant conclusions regarding a sele€tion of prediction tools can be summarise
hnd phenomenological methods generally give fairly good accuracy (within a factor of t
bls yield solutions that are approximately correct.

ng against a

subdivision
bn has to be
bss confined

1les that are not typical 1D situations. High uncertainty should be expected for such applications. In

resolution.

vided into a
htively large
of low value
hlly through

d as follows:
wo) so these

The [limitations associated with empirical and phenomenological methods (simplified physics and
relatjvely crude representation of geometry) can only be overcome through additional calilration.

Itis lecommended that "advanced” CFD codes allowing fully realistic combustion models and resolution
of al| obstacles be developed,)However, it is likely to be many years before such tools are available
read]ly. This is primarily due'to the large computational expense of this approach.

Further evaluation ofthe methods can be found e.g. in References [72] and [73].

B.1.2 Stochastic modelling

B.1.2.1 , Occurrence

Give iption is the

probability that the associated loading occurs. As a function of time, the occurrence of an explosion can
be considered as a Poisson process:

P

(at least one explosion during T)=1—exp(—AT )= AT

where

A
T

is the probability of an explosion event per unit of time;

is the considered (reference) period of time.

(B.2)

The value of A depends on the type of explosion. For internal explosions in non-industrial buildings, an
extensive survey performed in the UK gives some interesting datalZ4l. The values are in the order of
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2 x 1076 per year for dwellings and 6 to 14 x 10~ per year for shops and industrial buildings. Present
rates can be smaller due to improved safety measures. In the US, higher values (18 x 10-°) have been
found for residential buildings!Z2l. In the Netherlands, about 20 explosions are observed yearly, leading
toA =5 x 107 per year as an average per dwelling/building. The occurrence rate, however, depends on
whether small explosions (giving little damage only) are also taken into account.

B.1.2.2 Magnitude

The next step is to model the magnitude of the explosion, conditional upon occurrence. For internal
explosions, the maximum pressure can be taken as the maximum of the pressure that causes vent
coverings to release and the vent controlled pressure, which is the pressure that is achieved once
venting hasjoccurred. For the release pressure, a proper resistance model should be selected. The [vent
control predsure” as observed in practice (as good as possible) can be estimated for vapour gxplogions
from Figure|B.4. The Eurocode recommendation (heavy line) may be considered as an average anf the
coefficient df variation is about 0,7.

Ap Ap

20380 eopmerrmrererp DR 0372

T LR R A |

100 4{ 1000}

sl

100 1 100§

raaannl

105 3 10:

sl

1 ARAl Ad A
0,1 100 0,1 100
A/So A/So
Key
g
s damgdge analysis
v—-— large|scale experiment

— safe fecommendation

NOTE Z=0,64AV/AS (with A, = ventilation opening and A, the total internal area); §0 =74, /¢,

(dimensionlefss burning.velocity), where S, = 0,45 m/s for natural gas and c, is 340 m/s. The thick line shows the
Eurocode rejommendation.

Figure B{4-= Relationship between the vent parameter A / S , and the peak pressurelZ6l for
dwellings (left hand side) and industrial buildings (right hand side)

B.1.2.3 Random factors

Random factors affecting the CFD calculation and resulting internal pressures for a given explosion are:
— the position of leakage points,

— the flow rate of gas/liquid,

— air exchange rate due to ventilation,

— fuel concentration due to gas dispersion at one leak area,
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— ignition events (position, time),
— flammability limits (in terms of fuel-air concentration),
— overpressure for a given homogeneous cloud made of a flammable fuel-air mixture.

For numerical values, see References [73] and [77].

B.2 Explosions in tunnels

B.2.1 General

Explpsions in road tunnels can occur as a result of accidents with: Q(],Q
— L.PG cars (tanks are usually small, order of 50 1), <oq:l’
— {rucks carrying explosive materials, such as LPG, Q

— {rucks carrying explosives (fireworks, ammunition). O'\

In this clause, the scope is limited to trucks carrying LPG through rda\h‘tunnels The appropch is based

on Reference [78]. <<
O
Q

To d¢termine the exceedance probabilities of explosions ﬁ\\?unnels the following steps shoyld be taken:

B.2.2 Probabilistic approach

a) All scenarios possibly leading to an explosion s &d be identified.
b) The probability of occurrence of each of th&‘@enarios should be determined or calculated.
c) For each type of explosion, the maximu‘l@pressure and the impulse should be calculated.

To determine the probability distri@@n of explosion in tunnels use is made of the bow tie model
(Figure B.5), having a fault tree&r ch (backward logic) analyzing the crucial accident gnd an event

tree [forward logic) to analyse thé'events following the accident.

Barriers

[ Faulttree

NOTE A barrier refers to a possible safety device.
Figure B.5 — Bow tie model for explosion QRA

In the event tree, the consequences in terms of types of explosions are identified. To calculate the
pressure and impulse of the explosion, it is essential to know the following details of the tunnel under
consideration (based on traffic in one direction):

— Length of the tunnel, in m;

— Area of the cross section, in m?;
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— Wind speed and direction, in m/s;

Furthermor

e, the following (conservative) boundary conditions are defined:

Location of the accident (distance x from entrance),

— Maximum size and contents of the tank of an LPG truck (60 m3 tank with 50 m3 gas),

— Time of

ignition of a gas explosion: maximum length of an explosive gas cloud.

The pressure calculations can be done with full CFD calculations (so-called first principle analysis). An
alternative is to use explosion models that have been specially developed for explosions in elongated

volumes lik¢
B.2.3 Exa

In Figure B
accident wit

tunnel, with
circumstang
expansion €
and in Tabl€

— GEI50,
— GEE 100
— BLEVE ]

In Referenc
peak pressy
the corresp
constructed

P tunnels(Z21 0 (11,
mple

6, an event tree example is presented for explosions in a road tunnel, restlting fro
h an LPG truck (see References [79] to [82]). The study is based on dny“average” [}
a length of 1 000 m and the location of the explosion is in the centre.*"Depending o
es, the following types of gas explosions can occur: a standard-gas explosion, §
xplosion and a boiling liquid expanding vapor explosion. The notation used in the f
B.1 is:

a gas explosion, tank filled for 50 %, instahtaneous ignition,

@288 K, a gas expansion explosion, tank filleddor 100 %, temperature 288 K,

00, a BLEVE (boiled liquid expandingyvapor explosion) for a tank filled 100

es [79] to [82], estimates based on calculdtions and expert judgement are given fo
re and the impulse of the resulting scenarios. Combining the resulting scenario load
pnding discrete probabilities, a continuous probability distribution for the load m4
for design purposes. The use of a Guinbel distribution is recommended.
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h the
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Accident with | Volume of the | Damage to the Fire Temperaturerise | Failure of tank Delayed Consequence
LPG truck contents tank > 50 degrees C due to fire Ignition
w=0,00017 Q=0,33 Q=0,961 Q=0,99 Q=1E-16 Q=0,38 Q=0,99
Success:Q=0,62 Null:Q=1
Success:Q=1 Failure:0= GEE,0 @340K
N0:Q=0,961 Success:0=0,01 Sal ure.-Q—_(z)3682 Null:0=1 No consequences
e Failure:Q=1E-16  Successi= ulls) 1 GEE,0 @288K
. : Null:Q=1 No consequences
Failure:Q=0,99 Null:Q=1 Null:Q=1 Null:Q=1 No consequences
Success:Q=0,62 Null:Q=1
Success:Q=1 Failure:0=038 Null:Q=1 GEE,0 @340K
EMPTY:Q=0,33 Success:Q=0,01 e - Jet fire
; Success:Q=0,62 Null:Q=1
HOLE:Q=0,0353 Failure:Q=1E-16 GEE,0 @288K
Failure:Q=0,38 Null:Q=1 Jet fire

Success:Q=0,01

Failure:Q=0,99 Null:0=1 Null:Q=1 {Failure:0=0,99 GE, cont, 0(a.g.v gas C]Olvld)
N Success:Q=0,01 Null:Q=1 Null:Q=1 NullQ=1 uE;EIt)Sd‘@)ZSBK srelease
INSTANT:Q=0,004095l: iy, e:0=0,99 Null:Q=1 Null:Q=1 S“fcessé_’g'gogl GEE0 @288K + GE, 10(a g, GEE)
) GEE,0 @288K
Success:Q=1 ShiccessiQ=0,62 Null:Q=1 EE,50@340K + BLEVE 50
Success:Q=0,01 tatre=6; MttO=+ No consequnces
No hole Failure:Q=1E-16 Success:Q=0,62 Null:Q=1 EES 8K
aturees Failure:Q Null:Q=1 ML)
Failure:Q=0,99 Failure:Q=1E-16 Failure:Q: Null:Q=1 equknces
Success:0=1 Success:Q=0,62 Null:Q=1 ('{ - + BLEVE S
FalureAceident with PG truck | PARTIALLY:Q=0,33 Success:Q=0,01 gjélcue':s%iﬁg Iz’“l'lligzll (A,’ et fire
. :Q=0, ull:Q= . N
Hole 1 Failure:Q=1E-16 _ fF3ilure:0=0,38 Nul:Q=1_ /7 ]G:'i:: @zpsK
Failure:Q=0,99 Failure:Q=1E-16 __ Failure:=0,38 i:ﬁff:og C;;u ;"]“‘d 50[‘"*‘- v gas .
Instantaneous collapse S, Hull0=L —— Nuclc-s_s 0,01 ;E;;O Cg; ‘g]‘: o
i :Q= 0= 1Q=0)f GEE,0 @288K + G, 1,50(a.g.v.
4|FallurE-Q 0,99 Null:Q=1 Null:Q=1 Fallure:0=0,09 ((I;EESO@Z o &
SuccessiOn Success:Q=0,62 () NulkQ=1 g
uccess:Q=1 Failure'Q=0,38\*’ Null-Q=1 GEE, 100@340H + BLEVE 100
No hole Success:0=0,01 ) Success.:Q:m Null-:Qzl No consequnces
Failure:Q=1E-16 P— — EE,100 @88K
a'lu'?-Q@ Null:Q=1 No consequnces
Failure:0=0,99 Failure:Q=1E-16 _ Faildre/Q=0,38 Null:Q=1 N
55:Q=0,62 Null:Q=1 No consequEnces
Success:Q=1 ©:0=0,38 Null-Q=1 BLEVE, 10!
FULL:Q=0,34 Success:Q=0,01 T Q:d, o Nl Q; T r[et fire
Hole 1 Failure:Q=1F-16 ailure:Q=0,38 Null:Q=1 GEE,100 @388k
: Q : Success:Q=0,01 Jetfire
Failure:0=0,99 Fallure:Q&\ Failure:Q=0,38 ’W_e:-(;:o:‘)‘)_cf‘ Z;)::.JOO(J» v gasrccll‘:\:g
Success:Q=0,01 Null:Q£P, Null:Q=1 Null:Q=1 GEE, 100 @488K
N4 O GEE,
Instantaneous collapse IFailure:0=0,99 I‘@l Null:Q=1 Su‘_:,CESS.Q,S’;); GEE, 10002884+ GE 1, 100
KN (Failure:Q=099 ___{¢kp 100 @pssk
wld
NOTH Numbers are given for illustrative purp@& only.
Figure B.6 — Even&'ee example for explosion in a tunnel
<
Table B.1 Xﬁstimates of (max) peak pressure and impulse
Sdenario nsequences Peak pressure Specifi¢ impulse
(-AO kPa kla.s
4
CcQo No con@§uences 0 0
-
QL |Jetfite) 0 0
CcQ2 <_Q%sscloud, continuous release 0 0
CQ3 é‘das cloud, instantaneous release 0 0
N
CQ4 ~ |GEE,0 @288K 200 2
cas GEE,0 @326K 500 6
CQe6 GEE, 50 @288K 300 10
CcQ7 GEE, 100 @288K 300 20
cQ8 GEE, 0 @288K + GE, 1,0 (a.g.v. GEE) 575 38
CQ9 GEE, 50 @326 K + BLEVE 50 600 30
CQ10 GEE, 100 @326 K + BLEVE 100 600 50
CQ11 GEE, 50 @288K + GE, I, 50 (a.g.v. GEE) 300 20
CQ12 GE, L,O 575 38
CQ13 GE, I, 50 150 20
CQ14 GE, I, 100 130 17,5
NOTE Numbers are given for illustration purposes only.
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Table B.1 (continued)

Scenario Consequences Peak pressure Specific impulse
kPa kPa.s

CQ15 GE, cont, 0 (a.g.v. gas cloud) 0 0

CQ16 GE, cont, 50 (a.g.v.gas cloud) 1800 275
CcQ17 GE, cont, 100 (a.g.v. gas cloud) 1800 275
cQ18 BLEVE, 0 500 6

CQ19 BLEVE, 50 600 30
€Q20 BLEVE-106 666 50
CQ21 GEE, 50 @326K 600 30
CQ22 GEE, 100 @326K 600 50
€Q23 GEE, 100 @288 K + GE, 1, 100 300 20

NOTE Numbers are given for illustration purposes only.

B.3 Dust

B.3.1 Gen
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engineering
of industry,
anticipated

NOTE 1 P
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overpressuij
document.

The influen
with explos

NOTE 2
in the air, its
ignition sour
which the ex
flammable g4
rise. The ma3

The pressure génerated by an explosion depends primarily on the type and the percentage o

explosions

eral

dust explosions shall be taken into account in the design of buildings and other

which normally are accessible for maintenance, should normally be designed to resis
pverpressure of a possible dust explosion.

incipal ignition sources for dust explosion arey,flames and direct heat; hot work; incande
surfaces; electrostatic sparks; friction sparks;* impact sparks; self-heating; static electricity

ng dust explosion pressure, the context of the accidental action, e.g. whether within a
duct or external to the structure;'shall be taken into account. The design pressure
Iiring an internal explosion can be reduced by the use of vents that give way at a |
e than the structure itself;sand for this purpose vents shall be designed as given in

'e on the magnitude of’an explosion of cascade effects from several connected rooms
ve dust is also netcovered in this document.

uniformity\of'spread, initial turbulences, initial temperature, initial pressure, the location
blosion, occurs, and the amount of venting or pressure release that can be available. The prese

sseS, inert gas or inert dust too can influence the maximum pressure and maximum rate of pre
imum explosion pressure is essentially independent of the vessel size, provided heat effects ¢

civil

works where relevant. Pipes and ducts for transport and distribution of dust for the supply

t the

scent
; and

silo/
for a
pwer

this

filled

dust
f the

Ce, the presence of obstacles in the enclosure, the size, the shape and the strength of the enclostire in

hce of
ssure
an be

disregarded.

For construction works classified as CC1, no specific consideration of the effects of an explosion should
be necessary other than to comply with the rules for connections and interaction between components
provided in the structural design standards for various materials.

For construction works classified as CC2 or CC3, key elements of the structure should be designed
to resist actions by either using an analysis based upon equivalent static load models, or by applying
prescriptive design/detailing rules. Additionally, for structures classified as CC3, a dynamic analysis
should be used.

NOTE3 Advanced design for dust explosions generally include one or more of the following aspects[83] to [92];

explosion pressure calculations, including the effects of confinements and venting panels;
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dynamic non-linear structural calculations;
probabilistic aspects and analysis of consequences;
economic optimisation of mitigating measures.

explosion pressures provided in this document can be considered as nominal values.

The explosive pressure should be assumed to act effectively simultaneously on all of the bounding
surfaces of the enclosure in which the explosion occurs.

B.3

.2 Dust explosions in rectangular compartments

B.3.2.1 Rectangular volumes (regular)

Given an amount of venting area available, the design value p, for the maximum pressur

ina

empirical Formula (B.3). This Formula applies to individual compartmentg,"not connectd

vented rectangular compartment for dust explosions may be determined\by solving

with|vents that do not have discharge ducts.

0,753
_ -8 -0,569 _ -0,5
A,=[4,485x108 p K¢ p, +0,027 (Pgype —10) pg 07 | z
eff
where
4, istheventingarea, in m?;

|4 is the volume of a room, vessel, bunker, in\m3;

Ks. is the deflagration index of a dust cloud, in kKN/m-s;

Pmax 1S the maximum pressure of anéxplosion of the dust, in kN/m?;
Dstae 1S the static activation pressure of the vent area, in kN/m?;

Bq  isthe design value ofthe pressure in the vented vessel, in kN/m?;

I is the vent efficiency ratio (see EN 14979).

NOTE1 K, is also called dust explosibility constant (see EN 14034-2 and EN 14491). It is a m

imum rate of pressure rise during an explosion test and normalised to the vessel volume. Some

given in Table B.2.€ér'more information, see Reference [96].

Formula (B.3)\i38 not valid if any parameter falls outside of the ranges given below:

, LX< V<10 000 m3,

e, developed
for p4 using
d to others,

(B.3)

pasure of the
examples are

3

nt diameter

3 E
based on the equal area criterion (not the hydraulic diameter). For a rectangular compartment,

Dg = 2(Ly x L,/m)%5, where L, and L, are the other two dimensions of the room,

10 kKN/m? < pg.c < 100 kN/m?, rupture disks and panels with low mass which respond almost

without inertia,

10 kN/m? < p4 < 200 kN/m?,

500 kN/m2 < p,.. < 1000 kN/mZ for 1 000 kN/m-s < K, < 30 000 kN/m-s,
500 kN/m? < p,... <1200 kN/m? for 30 000 kN/m-s < K¢, < 80 000 kN/m:-s.
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Values of p,,, and Kg, may be experimentally determined by standard methods (See ISO 6184-1) for
each type of dust.

NOTE 2  Dust explosibility (Ks,) data can show significant variability, e.g. #15 %.

NOTE3  The value of K, depends on factors such as the chemical composition, particle size and moisture

content.

NOTE 4

pmax

can depend on the test vessel used (see [SO 6184-1).

NOTES5 In dust explosions, pressures reach their maximum value within a time span in the order of 20 ms to
50 ms. The subsequent decline to ambient pressure strongly depends on the venting device and the geometry of

the enclosurg:

B.3.2.2 Dg

If Formula
relation to t}

a4, = 4|

The equival
diameter Dy

Dg =2(1

where L; an

NOTE1 W

NOTE2  Tlhe maximum explosion pressure in elongated compartments tends to be lower than in compartj

with relative

sign values for pressures in elongated rectangular rooms

B.3) is to be used for a much elongated rectangular compartment whereL5/Dy > 2 (i
ne restriction in B.3.2.1), the vent area shall be increased by A4, (m?) givet by Formula

(—4,305log py+9,368)log(L; /D)

ent diameter Dg is an equal area criterion (not the hydraulic’diameter). The equivj
of a rectangular duct, for the same area, is given by:

0,5
XL, /T)
[ L, are the two smaller dimensions and define the cross-section of the duct.
here L,/Dg 2 5, the structure is to be consideredds a duct. See B.3.3.

y small aspect ratios, with a higher heatloss.

Table B.2 — p ;.. and K, values for explosive-dust

.e.in

B.4).
(B.4)

alent

(B.5)

nents

70

Type of dust Pmax Kst
kN/m? kN/m:-s
Brown coal 810to 1 000 18 000
Cellulese 800 to 980 27 000
Coffee 9000
Corny corn crush 12 000
Corn starch 21000
Grain 13000
Mitkpowder 816to976 16666
Mineral coal 13000
Mixed provender 4000
Paper 6 000
Pea flour 14 000
Pigment 650to 1070 29000
Rubber 740 14 000
Rye flour, wheat flour 10 000
Soya meal 12 000
Sugar 820 to0 940 15000
Washing powder 27 000
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Table B.2 (continued)

K
Type of dust Pmax St
kN/m? kN/m-s
Wood, wood flour 770to 1 050 22000

B.3.3 Dust explosions in ducts

B.3.3.1 General

Whe
cons

NOTH
incre

Whe
closd
built

NOTH
or ot
and t
straig

Whe

at each venting location, provided at distances less than the critical distance L (see B.3.3

vent]
shou

Vent
be pl
placd

Vent

ho lonatl (equivalent) di o of &l LD s | han S

dered and designed as a duct.

1  For L/D ratios between 3 and 6, the methods given for elongated vessels can be used
hsingly conservative.

h determining the design pressure and vent areas, the dimensions of the duct and it
d at both sides, open at both sides, open at one side, closed at the other) and whether g
within the duct influence the combustion and the resulting pressures‘shall be taken iy

2 A higher pressure is experienced when the pressure wave ofca‘deflagration is obstru
her fixed structures (for example the end wall of a duct). The pressure wave is reflected at sy
he pressure at the flange of a duct end can be up to three times\ag high as the pressure at the
rht duct.

h designing for venting, the vent area should be at least’'equal to the cross-sectional are

ng locations can be provided within the critical*distance L and the vent area of seve}
Ild be determined by adding the individual areas.

5 should be placed close to possible leakdge or ignition sources. If only a single vent is ug
aced close to the ignition source. However, if the ignition source is not known, the ve
d near the mid-length of the duct:

5 should not be placed in regions where people can be endangered.

The
The
The
NOTH

The
at on|

ass per unit area of a deflagration vent closure should not exceed 12,2 kg/m?2.

ethods given belowishall be used only with ducts operating at or near the atmospher
ethods given below are applicable for operational pressures less than or equal to 20 |
3 The applicability of the methods given here is restricted by the K, value.

mnethods given in this document shall be applied only to smooth straight ducts and v¢
e end\and open at the other or those vented at least at intervals smaller than the critic

it shall be

but they are

5 layout (i.e.
bstacles are
1to account.

rted by walls
ch a location
side wall of a

A of the duct
12). Multiple
ral openings

ed, it should
nt should be

IC pressure.

KN/m2.

ssels closed
hl distance.

B.3.3

.2 Critical distance

The critical distance L to prevent detonation in a smooth straight pipe or duct where one end is open
may be determined from Figure B.7, which is based on the hydraulic mean diameter of the vent.

NOTE

canb

© ISO

e prevented from transitioning into a detonation.
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Key
upper curve

lower curve

NOTE L
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Figure B.8 — Design overpressure P; (kN/m?2) for vented pipes containing dust

To reduce the deflagration design overpressure to below 20 kN/m2, the spacing of multiple vents for
a dust with a Kg, value of less than 30 000 kN/m-s and an initial flow velocity of between 2 m/s and

20 m/s can be selected from Figure B.9.
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velocity of between 2 m/s and 20 m/s, for design éverpressure <20 kN/m3

I External dust explosions

e absence of design formulae, computer codes may be used in the assessment of the |
nal explosion and its design overpressure.

External vapour cloud and high’energy explosions

|l Sources and scenarios of extérnal explosions
‘nal vapour cloud explosions'ean result from:
varehouses/no explosives,

tationary pressurised‘tanks and vessels,

tationary atmospheric tanks and vessels,

pas cylinders;

— pipes;

— 1

ure B.9 — L/D values for dust with a K, value of less than 30,000 kN/ms and an ipitial flow

botential for

oad tankers,

— tank wagons (trains),

— ships.

In the second group, the length dimension of the pipe or (water/rail) way has to be taken into account.

The initiating event for a vapour cloud explosion in general is a loss of containment (LOC) of the
explosive material. The LOC can have several causes in itself. Depending on the dimensions of the
hole, the out flow can be characterized as calm/continuous or instantaneous. If there is an ignition,
immediate ignition increases the probability of a fire and a delayed ignition increases the probability of
an explosion. For each of the above situations, event trees describing the various events can be found in
the literaturel2Z1128][99], An example is presented in Figure B.10.
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Direct ignition Pool fire
0,065
instantaneous Flash fire + explosion + pool fire
depends on 04
type of vessel Delayed ignition |
1-0,065 Flash fire + pool fire
0,6
LOC Liquid no effect
0
Direct ignition Pool fire
0,065
continuous Flash fire + explosion + pool fire
depends on o 0,4
type of vessel Delayed ignition
1-0,065 Flash fire + pool fire
0,6
no effect
0

NOTE

Figure B.1) — Event tree: loss of containment (LOC) from an atmospheric flammable fluid {

High-energy

structure umder consideration.

B.4.2 Models for loads on structures

Given the ey
and the dist
These mode
facades of a

Obstacles in
some cases;
cloud at the
simple analy
considered {

Obstacles ix
inside the v
that the shi
substantiall

Nyimbers are based on Reference [99]. The BLEVE has been neglected.

containing ethanol

explosions can result from storage, handling, or transport of explosives in the vicinit

rent of an explosion, the free air pressure p depends on the amount of available ene
ance R and can be found using maodéls like the Multi Energy, CFD or TNT equivalent B
s are not discussed here in detail. Computer models exist to find the load distribution
building as a function of time,

the vicinity of the blast-source are known to have a significant effect on the blast wa
in particular in case of-delayed ignition where the obstacle is situated inside the va
moment of ignition:.This effect, although significant, is still difficult to quantify w
rtical model. Forthisreason, and for the time being, this effect is not explicitly modelle
o be part of thé random scatter.

between the building to be designed and the blast source — i.e. other than obst
hpour cloud — can have a "shielding effect” on the building. However, research has s
bldingseffect is only significant if the obstacle is situated very close to the building a
y large. For these reasons, the presence of shielding obstacles is not considered.

ank
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In the free air, a pressure wave from an explosion theoretically is shaped like in Figure B.11 with a
positive and negative phase. For most applications, it is sufficient to translate the free pressure diagram
to a triangle having a peak load value p and a duration, At, as indicated in Figure B.11.
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Figure B.11 — Realistic pressure wave and triangular simplification
(relative to the atmospheric pressure)

PLE For an explosion having an effective energy E = 1,3 GJ and a distance R = 100 m,
| according to Reference [70] or [97] resGlts in a free air peak pressure p.., = 8 kPa an
5 ms.

rise time for vapour explosions ¢ften is comparable to the decay time. For high-energy
ise time is often taken as instantaneous. However, the actual shape of the impulse
the pressure history oftenis:less important than the total magnitude of the impulse,

ture.

ome applications,‘it’can be convenient to work with pressure and impulse; the impy
of a triangle isequal to;

=0,5p pax At

h the 'blast wave reaches the building, a complex pattern of reflection and interactig
eases, this can lead to much higher pressures on the building facades than the fre

h simple TNT
d a duration

r explosions,
constructed
particularly
hodes of the

Ise value in

(B.6)

n occurs. In
e value. For

larger distances, the factor is minimal 2, but maybe more if the structure is close to the centre of the
explosion.

Blast effects from high-energy exterior explosions shall be calculated approximately with the following
empirical procedure when:

a) The blast occurs on or near the ground surface external to the structure.

b) The blastloading is not significantly affected by surrounding structures or terrain.

c) The structure has no unusual irregularities in spatial form.

d) The scaled distance from the blast to the structure is within the scaled ranges of the figures
contained herein.
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The loading on directly loaded surfaces shall be idealized as shown in Figures B.12 and B.13 for normal
reflection and oblique reflection.

p
P

ps+ Coq,

[

NOTE Afrow is direction of shock wave.

Figure B.12 — Front wall loading, normal reflection

28

ps+ Coqo |- .."\

Bl
:

NOTE Arrow is direction of shock wave:

Figure B{13'— Front wall loading, oblique reflection

The equivalpnt mass of trifiitfotoluene (TNT), W,, shall be determined by multiplying the effectivg¢ness
factor from [[able B.3 by ‘tlte mass of the actual explosive material.
Table B.3 — Equivalent TNT masses for air blast in free air
Elxplosive Density Equivalent mass | Equivalent mass | Overpressure
for pressure forimpulse Tange
kg/m3 kPa
Amatol (50/50) 1584 0,97 0,87 NAa
Ammonia dynamite b
(50 % strength) NA2 0,90 0,90 NAa
Ammonia dynamite b
(20 % strength) NA® 0.70 0.70 NA®
ANFO (94/6 ammonium NAa 0,87 0,87b 27,56 to 6 890
nitrate/fuel oil)
AFX-644 1744 0,73P 0,73b NA2

b Value is estimated.

a  NA, data not available.
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Explosive Density Equivalent mass | Equivalent mass | Overpressure
for pressure for impulse range
kg/m3 kPa
AFX-920 1584 1,01b 1,01b NAa
AFX-931 1616 1,04b 1,04b NA2
Composition A-3 1648 1,09 1,07 27,56 to 351,39
N 1648 1,11 0,98 27,56 to 351,39
Composition B
1,20 1,30 689 to 6 890
Composition C-3 1600 1,05 1,09 nQ NA2
N 1584 1,20 1,19 A0 68pto1378
Composition C-4 137 119 q |
Z Vi
Cycltol (75/25 RDX/TNT) 1712 1,11 12607 NAa
(70/B0) 1728 1,14 1,09~ 27,5p to 351,39
(60/%0) 1744 1,04 ~d16 NAa
DATB 1792 0,87 « N7 096 NAa
Explpsive D 1712 08 |V 081 6,89 to 303,16
. . \
o e g0 OV ogon
o g
H-6 1760 01,38 1,15 27,5p to 702,78
HBX{1 1760 . 117 1,16 27,36 to 137,8
HBX{3 1840 ] 1,14 0,97 27,5p to 172,25
HMX NAz 1,25 1,25 NA:
LX-1{t _NA2 1,80 1,800 NA
MINDL II . \824 1,20 1,11 20,47 to 137,8
Nitrgcellulose | <16481t0 1696 0,50 0,500 NA?
&;gmglt}llserin dynamite (50{‘2d~) NAa 0,90 0,90b NAa
Nitr¢guanidine (NO) \%V 1712 1,00 1,00 NA2
Nitrgmethane  ~0° NA? 1,00 1,000 NA
Octol (75/25 HMX/FNT) 1808 1,02 1,06 NAa
(70/B0) O 1408 1,09 1,09b 6,89 to 303,16
PBX010 1792 1,29 1,290 27,5p to 213,59
AV 1808 1,13 1,13b 27§56 to 689
PBX-P
470 — 689 to 6 890
PBX-9502 1888 1,00 1,00 NAa
PBXC-129 1712 1,10 1,10b NAa
PBXN-4 1712 0,83 0,85 NAa
PBXN-107 1632 1,05b 1,05b NA2
PBXN-109 1664 1,05b 1,05b NA2
PBXW-9 NA2 1,30 1,30P NAa
PBXW-125 1792 1,02b 1,02b NAa
a  NA, data not available.
b Value is estimated.
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Table B.3 (continued)

b Valueise

ctimated.

Explosive Density Equivalent mass | Equivalent mass | Overpressure
for pressure for impulse range
kg/m3 kPa
1632 1,42 1,00 27,56 to 689
Pentolite (cast) 1680 1,38 1,14 27,56 to 4 134
NAa 1,50 1,00 689 to 6 890
PENT 1760 1,27 1,27b 27,56 to 689
Picrotol (52/48 Ex D/TNT) 1632 0,90 093 27,56 to 4 099,55
RDX NA2 1,10 1,10b NAZ
RDX/Wax (98/2) 1920 1,16 1,16P NA2
RDX/AL/Walx (74/21/5) NAa 1,30 1,30P NAa
TATB NA2 1,00 1,00b NA2
Tetryl 1728 1,07 1,07b 20,67 to 137,8
Tetrytol (75)25 Tetryl/TNT) 1584 1,06 1,060 NA2
TNETB 1696 1,13. 0,96 27,56 to 649
TNETB/AI (90/10) 1744 1,23 1,11 27,56 to 649
(78/22) 1184 1,32 1,32b NA2
(65/35) 1232 1,38 1,38b NA2
TNT 1632 1,00 1,00 Standard
Tropex 1840 1,23 1,28 6,89 to 303[16
Tritonal (8020 TNT/AL) 107 167 0,96 27,56 to 649
a  NA, data not available.

The inciden
be determin

ed from Figure B.14.

F and normally reflected shock wawe’parameters for the positive phase of the loading

shall
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R minimum distance from detonation to the component being examined
W |equivalent TNT mass of the explosivejmaterial in (kg)

Pso, |peakside-on or incident overpressure

incident impulse, per unit afea

duration

p. |peak normally reflected-Overpressure
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Us |shock front veloeity

Figure B.14=~Positive shock phase parameters for explosions of hemispherical TNT|charges on
the surface (USA Dept of Defense, Structures to Resist the Effects of Accidental Explgsions, UFC
3-340-02, 2008, SCE/SEI 59-11)

The duration of the equivalent triangular incident loading shall be determined from Formula (B.7):

tof =215/ Pso (B.7)

The duration of the equivalent triangular normally reflected loading shall be determined from

Formula (B.8):
tl‘f =2ir /pr (B8)

The peak dynamic pressure, g, shall be determined as a function of the peak side-on overpressure
from Figure B.15.
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Key
Ps, Deaksifle-on or incident overpressure (kPa)
q, peak dynamic pressure (kPa)

Figure B.15 — Peak dynamic pressure g, a§’a function of p,, (ASCE/SEI 59-11)

The averageclearing time to relieve the reflected.overpressure shall be determined from Formula (B.9):

t, =4hw/(w+2h)cr (B.9)
where

h issfructure height;
w is structure width;

¢, isthe sound yelocity from Figure B.16.

80 © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=10a5df3b50ad98230cab06093dd24545

Key
p so

The

inci

Key
a

tria(rigular or bilinear functi

ISO 10252:2020(E)

C
0,5755
o
0,535 5 pe
”
0,495 5 P
1
S |
4 [4
0,455 5 ,4 a v
p Y
4 o
/ \‘5v‘
0,415 5 / N
cNY
/ D
//
0,375 5 /
/I
/ Vo)
/ QD
0,3355 —
0 50 100 150 200 250 < 300 350 400 450 500 p,
)
peak side-on or incident overpressure (kPa) .\@$
sound velocity (m/ms)
xO
-
Figure B.16 — Sound veloc&t}‘{@n reflected overpressure region (ASCE/SEI 59411)
jould be the

us obtained that has the lesser impulse. For oblique refle

Hirect drag load coefficie @ohld be taken as Cj = 1. The positive phase loading s}
ent angle a, the refle&SeG‘S. verpressure coefficient, C,,, shall be obtained from Figure I
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Figure B.17 — Reflected overpressure coefficient C , = p.,/p,, (ASCE/SEI 59-11)
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The oblique peak reflected overpressure shall be determined from Formula (B.10):

Pra =Crq Pso

The oblique reflected impulse, i

L /W'
100000

(B.10)

shall be determined from Figure B.18.
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Figure’B.18 — Reflected impulse (ASCE/SEI 59-11)

n of the equivalent triangular obliquely reflected loading shall be determined [from

(B.11)

If the negative phase of the loading is to be considered, the parameters shall be determined from

Figure B.19.
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ure B.19 — Negative phase shock parameters for explosions of hemispherical TN
on-the surface at sea level

T charges

duration of the equivalent triangular negative phase loading shall be determined from

ula (B.12):

|
| -2 T
rf p-

loadings*on indirectly loaded surfaces shall be calculated using the following pro

rise” time ofthe negative phase loading shall be t- /4.

loading.shall be the linear function, p(t) = p; + Cp q, shown in preceding charts, in wh

over

bressure and g the dynamic pressure. However, for these indirectly loaded roofs, sidie

(B.12)

cedure. The
ch p; is the

walls, and

rear

Table B.6 — Side on element dynamic drag coefficients

Peak dynamic pressure Drag coefficient
4, CD
0 kPa to 175 kPa -0,40
175 kPa to 350 kPa -0,30
350 kPato 1 000 kPa -0,20

See Reference [70] for more information.
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wall surfaces, the drag coertticient shall be the negative values obtained Irom 1able B5.6.
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As an alternative to the approach described above, one may follow rigorous procedures that model the
explosive environment and the structural response accurately.

B.4.3 Stochastic model/statistical numbers

B.4.3.1 Occurrence

The likelihood of the loss of containment is defined by the explosion rate A [1/a]; generic data can be
found in Reference [97]. This reference also shows data for probabilities of outflow characteristics,
immediate or direct ignition and consequences in terms of fire, an explosion of BLEVE (boiling liquid
expanding vapour explosion)

Typical resullting values for the explosion are 3 x 10-¢/a for a single installation and 3 x 10~%/a for a‘plant.

B.4.3.2 Magnitude

The energy pf a stoichiometric mixture is about 3,5 MJ/m3. Given a large vapour cloud of r = 30 m, we
have a gas 3ir volume of V = 50 000 m3 which correspondents to 200 GJ. In mest cases, only a $mall
amount of 2 % to 20 % of this energy is converted into explosion energy, depending on the aftual
mixture corditions and the blockage properties of the environment. As a fesult the average effective
blast energy E¢ is about 10 GJ.

A lognormal| or Weibull distribution with V = 1,0 as the coefficientf'variation is recommended| The
resulting digtribution is presented in Figure B.20.

0,12

0,10

0,08

0,06

0,04

0,02 -

0

0 5 10 15 20 25 30

Figure B.20 — Prabability density function for the effective amount of energy E  (GJ)

Assuming a|cireular shaped industrial area (4 = mR,?) and the building of interest in the centrg, the
probability pfR is:

fr(r)=2mr/A=2r/Ry* for Ry, <r<R, (B.13)

So large values of the distance R are more likely. In addition, a minimum value of e.g. R;;, = 10 or 20 m
can be appropriate.

B.4.3.3 Transport systems

For vapour clouds resulting from transportlines (roads, railways, waterways, pipelines), the cumulative
effect of the total line has to be considered.

Transport of explosive materials considered consists of trucks, trains, ships and pipeline transport.
In these cases, the occurrence rate A has to be specified "per transport unit and per km" or "per km
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pipeline". Given the intensity of the traffic, one can then calculate the expected number of explosions
per year.

In the case of transport, the road or river has to be subdivided into a number of segments as indicated in
Figure B.21. For each segment, the probability of an explosion may be calculated given the occurrence
rate per vehicle kilometer, the number of transport units per year.

Key

s degment of the waterway
r  distance from potential accident location to building

The |resulting probability distribution for the pressure at the building site can be

Fornmula (B.14):
P(p>x)=) Ay AsnP(E>E,,)

where

H

As

E

P(p > x) is the probability(of the pressure p exceeding the value x in one year;

Figure B.21 — Procedure in case of transport of-explosive material on a water

is the probabiljty rate of explosion per vehicle (or ship or train wagon) km;
is the lehgth of the segment of a road or waterway in (km);

is the number of vehicles (ships, train wagons) per year (both directions);
is’the distance from the heart of a segment to the building;

is the amount of energy release given explosion;

way

found from

(B.14)

E

Xr

is the amount of energy leading to pressure p = x at distance r.

Typical releases for highway road tankers are in the order of 1 000 kg benzene (18 GJ). For railway
tankers, a larger amount may be assumed. A coefficient of variation of V(E) = 1,0 seems reasonable.
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Annex C
(informative)

Design for accidental actions

C.1 General design considerations

Strategies fi
selected fro

According t
relevant or

for the load
TU601], Non-§
The choice

depend on
analysisisr

NOTE1 W
consequence

br designing structures against identified and unidentified accidental actions shou
m among those shown in Figure C.1.

o Clause 5, the design against identified actions (impact, explosions and~others W
Hemanded by local authorities) shall be based on quantitative assumptions and estin
ng and a subsequent structural design aiming at limited and local structural damage

bf identified accidental actions taken into account, the design, values and damage 1
he consequence class as described in ISO 2394. For consequence classes 4 and 5, 3
pcommended.

hen designing for robustness, for common structures, the pfactical way is to select as a sf
class based on the expected or maximum consequences of its‘complete collapse.

| STRATEGIES FOR ACCIDENTAL ACTIONS |

|

IDENTIFIED ACCIDENTAL ACTIONS

|

| UNIDENTIFIED ACCIDENTAL ACTIONS

EXPLICIT DESIGN OF THE STRUCTURE

(e.g. against explosions, impaet)

PROVIDE ROBUSTNESS
TO LIMIT EXTENT OF FAILURE

KEY
PRESCRIPTIVE]
PREVENT OR ENHANCED ELEMENTS
DESIGN THE EXPERIENCE DESIGN i
REDUCE THE REDUNDANCY| designed to
STRUCTURE BASED RULES i
ACTION (e.g. sustain
TO SUSTAIN | MINIMUM ) (e.g. for _
(e.g. protective alternative . i notional
THEACTION ROBUSTNESS integrity and .
measures) load paths) . accidental
ductility) i
action(s)

d be

there

nates
[COST

tructural risk control measures and full or partial protection systems should be inclided.

mits
risk

art a

001

b o Cc1 ot H £, d 3 H £ sl +al g3 I1
) lsul A\ VTS § JLL ﬂtcslca 1U1 uCDISII asalllot AdULUIUTIILAdI dalllVUIlIoT o

For design against unidentified actions, the following recommendations depending on the consequence

class apply:

— Consequence class structures 1 and 2 can be implicitly designed against unidentified actions via the
relevant prescriptive design rules to give a level of safety considered acceptable by society. Designs
based on prescriptive rules should be carried out in accordance with the relevant International
Standard for the particular construction material(s) specified for the building.

For consequence class 2 buildings, additionally, the provision of effective horizontal ties, or effective

anchorage of suspended floors to walls, respectively, is recommended for framed and load-bearing
wall construction, as for example available in Eurocode EN 1991-1-7.
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