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Introduction

“Sample Performance Chart” SPC

enables the display of sample properties and
of lines of constant reliability values
“Iso-asfalia”

Please compare with ICHS 2013
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The Sample Performance Chart (SPC) ; BAM

Sample Performance Chart of Slow Burst Tests with "Isoasfalia" .ﬂﬁﬂjﬂ-
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Safety Assessment via Survival Rates ; BAM

Sample Performance Charts (SPC)

- ... enable to display sample strength properties as one
dot per sample;

- ... allow to display changes in strength properties,

due to production quality and due to in-service-
degradation.

Isoasfalias (lines of constant survival rate)
— ... allow to evaluate safety of a sample in the SPC;

- ... depend on distribution function and sample size
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Comparison of Probabilistic Approach
and Standards

The principle of this comparison is best to get
explained by using the SPC for
(slow) Burst Strength (SBT)

Please compare with EHEC 2014
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SBT: Comparison of Standards and PA

Sample Performance Chart of Slow Burst Tests with “Isoasfalia”
Auds: relative burst pressure above relative scaftter; lines with SR = const.

Overview on Current Requirements
relative residual burst pressure Q and relative scatter spread y

< BAM

30 25 e
- = & . lue )3
2 ey Begin-of-Life Bol g effecve required mean 2 Kk puich dieas
g [ __ estimat of TDG-standards
- & EN12245 |
o G ———
2 9 20 f—===T"_ ADRRID6255 — — nominal required minimum single value _—
g & S
o e ‘ =
k- 2 I ==
e = B - | %
o o o
5 b - - EC- 406/2010 [
o 2 15
g 7 |
a g
k] a |
5 | B |
2 | 2 1
s £
2 6 1.0 +—testpressure PH = 1.5 PW
T 05 | El \
Z | g — developed pressure CGH,@85°C 1
o ! | z f
@ . = |
1 here: MSF = PH | E | (nominal) working pressure NWP or PW 1
00 . s . . ! — —_— | [ | |
0.00 0.05 0.10 0.15 0.20 025 030 05 / > TN R p—
0.0 01 02 03
of burst ralatad to MSP: 0, []

relative scatter spread “rel. StreumaR™ y = (Pyou- Poox) / PH i []

Deterministic vs. Probabilisitc Approach
relative mean value over relative scatter value

-
eqg 110+
I -
safe design area:
= allowed by standards and PAA »ﬂg;"ﬁ'w
c
530 o ! —
E e pganvah®
Gs cg\ﬂmedefﬂ‘:‘""mwmm
e -
; limits of standard (e. g. EN 12245):
Bool==" T e — —  nominalrequired minimum single value |
— — z i |
H unsafe design area:
n not allowed by standards and PAA
g P |
% i 20 ! ! pst pressure PH= 1 5 FW ——
'1 "‘ 2 pressure CGH @85°C
3 I (narminal) warking pressure NWF ar FW
g
]
oo M BAM =:vee =
[ 01 02 03 04 05 a8 a7 08

relative scatter spread "rel. Sreumak” y = (Pygp.- Psw)/ PH IR []

19th Oct. 2015 Georg W. Mair: Probabilistic Analysis of Composite Gas Cylinders 9



e

“IcHs

SBT: Discrepancy of Standards and PA ; BAM

Deterministic vs. Probabilistic Approach PA
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Comparison of Probabilistic Approach
and Standards

Evaluation of Load Cycle Strength (LC)
of CGH,-Systems

- Properties of tested cylinders
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“Lucky Punch Area” of Load Cycles ; BAM

Probabilistic Assessment of Deterministic BoL-Requirements
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LC: Comparison of Standards and PA

Performance Chart of Load Cycle Strength
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LC: Discrepancy of Standards and PA

100 000

fatigue strength: Nsge, in [LC]

10000 1

Median of population cycle

1000

19t Oct. 2015

SRy, @5000 FCs:

Comparison Deterministic vs. Probabilistic Approach ﬁ g Mo sua
LCsto leakage; CGH-; type lll; LBB; cycle pressure: 2 MPa .. MSP (= 125% NWP); v, = 95% £ A
robabilistic Safeiy Assessmen t
— e = =
| e J// | /
Q@"‘E 1-10%  99.9999% 99.99%

Bol-Scenario: "B"

"lucky punch area”

EC-Regulation 406/2010 —

b

get approved

Formally
permitted,
ut hardly to

not permitted,
but safe in case
of low scatter

Attention!!!
Assumptioninall RC&S:
One hydraulic load cycle

represents
one real filling cycle!

1.5

2.0

: g BAM ec maras ——
25

Scatter of hydraulic cycle strength: N in [LC]

Georg W. Mair: Probabilistic Analysis of Composite Gas Cylinders

14



2..®
e'e
°t

*ICHS

Comparison of BoL and EoL: ; BAM

Degradation in service

Service Conditions and min. Behaviour of Populations
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Comparison of Probabilistic Approach
and Standards

Evaluation of Load Cycle Strength (LC)

of CGH,-Systems,

- Estimation on cylinder population,
considering influence of sample size
e. g. n = 7 cylinders
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LC: Influence of Sample Size ; BAM
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LC: Discrepancy of Standards and PA

Comparison Deterministic vs. Probabilistic Approach
LCsto leakage; CGH,; type lll; LBB; cycle pressure: 2 MPa ... MSP (= 125% NWP), v; = 95%
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LC:

Discrepancy of Standards and PA

- Including degradation to EoL
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Comparison Deterministic vs. Probabilistic Approach
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Summary
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Summary ; BAM

Deterministic approach ...
- ... focuses mainly on Bol-properties

— In case of a low production scatter it requests
a probably unnecessary high reliability level.

— In case of high production scatter individual
requirements may be too low for insuring safety.

Probabilistic approach...

- ... opens the approval assessment to lower minimum
requirements in case of low production scatter;

- ... focuses on EolL-properties - but needs checks of degradation;
— ... can be used for quantifying in-service-degradation

— ... can be used directly for determination of safe service life

19th Oct. 2015 Georg W. Mair: Probabilistic Analysis of Composite Gas Cylinders 21
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summary

This means...

... do not reduce current minimum safety margins

If you want to reduce minimum material effort...
use die probabilistic approach for approval
... and abstain from using

deterministic safety margins (EC-Reg/GTR)
for ensuring safety in approval,

not taking into account real strength scatter.
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Further Details and Explanations ; BAM

ISBN 978-3-662-48131-8

Sicherheitsbewertung von Composite-Druckgasbehaltern

Das Buch zeigt einen alternativen Weg der Sicherheitsbeurteilung von Druckbehal-

tern aus Faserverbundwerkstoffen. Dies ist insbesondere fiir die Mobilitit der Zukunft

und die zugehérige Energieversorgung mit Bio-/Erdgas und Wasserstoff von Interesse.

Mit statistischen Methoden gelingt es, die Sicherheit auch jenseits der Grenzen -

aktueller Vorschriften fundiert zu beurteilen. Es wird dargelegt wie eine proba- WI I I b e
bilistische Sicherheitsbeurteilung als Alternative aussehen kinnte. Dieser Ansatz

basiert auf neuen Verfahren der zerstGrenden Priifung und statistischer Auswertung

relevanter Festigkeitseigenschaften. Hierzu zihlen die langsame Berstpriffung und avai I ab I e

ein spezielles Arbeitsdiagramm zur Auswertung von Stichproben. Dariiber hinaus

erlaubt der Ansatz die Quantifizierung der Degradation im Betrieb und zeigt Wege H
zur Abschitzung der Lebensdauer. Sicherheit wird diskutiert als Kombination von Georg W- Malr
Uberlebenswahrscheinlichkeit und Konsequenz.

e March 2016

Prozeduren fiir die hydraulische Stichprobenpriifung

N [GQEGESIEEAEE in German
Dr-ing. Georg W. Mair ist ein international ausgewiesener FExperte fiir den Gefahrgut- V 0 n C 0 m p 0 S i t e >
Druckgasbehaltern

I

transport von Gasen, mit dem Forschungsschwerpunkt auf Umschliefungen aus Ver-
bundwerkstoffen. Er ist an der Bundesanstalt fir Materialforschung und -prifung
(BAM) ttig und dort verantwortlich fiir den Arbeitsbereich ., Druckgerite — Druckge-
fife; Treibgasspeichersysteme® in der Abteilung BAM-3 ..Gefahrgutumschlieflungen”.

and probably

78-3-662-48131-8

ISBN O
9 ‘ l]

» springer-vieweg.de

widyjeyaqsebypnig-ausodway uoA bunyiamagsuayiayis

Probabilistic Safety Assessment @ SpringerV|eweg end Of 2016
in English
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Thank you for your attention!

georg.mair@BAM.de
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