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ABSTRACT: This paper addresses the quantification of the value of structural health monitoring
(SHM) before its implementation for structural systems on the basis of its Value of Information (\Vol).
The value of SHM is calculated utilizing the Bayesian pre-posterior decision analysis modelling the
structural life cycle performance, the integrity management and the structural risks. The relevance and
precision of SHM information for the reduction of the structural system risks and the expected cost of
the structural integrity management throughout the life cycle constitutes the value of SHM and is
quantified with this framework. The approach is focused on fatigue deteriorating structural steel
systems for which a continuous resistance deterioration formulation is introduced. In a case study, the
value of SHM for load monitoring is calculated for a Daniels system subjected to fatigue deterioration.
The influence of and the value of SHM in regard to the structural system risks and the integrity
management is explicated and explained. The results are pointing to the importance of the
consideration of the structural system risks for the quantification of the value of SHM.

1. INTRODUCTION of the structural system risks and the expected
Structural systems constitute a part of almost any cost of the structural system integrity

civil infrastructure and are thus of a high societal
importance. Structural systems are subjected to
deterioration and thus require a continuous
structural integrity management throughout their
life cycle. An efficient structural risk and
integrity management is crucial considering
limited resources and the large extend of aged
infrastructure throughout the developed part of
the world (see e.g. EUROCONSTRUCT (2007)
and ASCE (2013)).

This paper addresses thus the optimization
of the structural risk and integrity management in
the perspective of structural health monitoring
(SHM) by quantifying the value of the SHM
information  before  implementation.  The
developed approach building upon Thons and
Faber (2013) and Faber and Thons (2013) takes
basis in the value of SHM as the relevance and
precision of SHM information for the reduction

management throughout the life cycle. The
quantification of the value of SHM facilitates
thus the optimization of SHM strategies by the
optimization of the structural system risk and
integrity management.

The approach for the quantification of the
value of SHM for structural systems is developed
and described in section 2. A continuous
deterioration formulation of a structural system
subjected to fatigue is introduced. Consecutively,
the modelling of SHM information in the context
of a pre-posterior decision analysis and the
structural integrity ~ management  model
accounting for the consequences is described. In
section 3, the approach is applied to a Daniels
system and the utilized probabilistic models are
described in detail. The value of SHM for the
considered load monitoring strategy is quantified
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and documented. The paper finishes with a
conclusion in section 4.

2. QUANTIFICATION OF THE VALUE OF
SHM

The quantification of the value of SHM takes
basis in the value of Information theory and the
Bayesian pre-posterior decision theory. As
introduced in Thons and Faber (2013) and Faber
and Thons (2013), the value of SHM can be
calculated through the difference between the

expected value of the life cycle benefits B,

utilizing SHM and the expected value of the life
cycle benefits B, without SHM (Equ. (1)).

V=B -B, 1)

The expected value of the life cycle benefit
B, depends on the structural performance
subjected to the uncertainties Z consisting of
epistemic and aleatory uncertainties Z. and Z,
respectively and the decision rules d for

adaptive actions a for the structural integrity
management throughout the life cycle (Equ. (2)).

B, =maxE, | E,,[B(...)]] )
B(..)=B(d(a.Z2..2,).2..Z,) (3)

Utilizing SHM, the expected value of the
life cycle benefit B, depends additionally on the

SHM strategies S which deliver the uncertain
SHM information X . The decision rules and
adaptive actions for the structural integrity
management (@ and d) are now modified to
account for the SHM information. Further, the
uncertainties in regard to the life cycle
performance may have changed due to the
observations collected through SHM and are thus

denoted as Z_ and Z, (Equ. (4)).
B, =max E,_ [EZA [n;adx Ey.z, [I§()]ﬂ (4)

B(.)=B(d(aX.Z¢.2,).5X.Zc,.Z,)  (5)
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2.1. Structural system model and deterioration

model
With the structural system model the
performance throughout the life cycle is

calculated taking into account the deterioration.
For the calculation of the system performance,
i.e. the structural system reliability, diverse
approaches have been developed (see e.g.
Ditlevsen and Bjerager (1986), Straub and
Kiureghian (2011), Lee and Song (2011) and
Naess, Leira et al. (2009)). The probability of
system failure can be calculated by the
integration of the joint probability density of the
structural performance random variables f, ()

over the domain of system failure with the cited
methods (Equ. (6)).

P(Fs): _[ fZ(Z)dZ (6)

Qr,

One of the most common deterioration
mechanisms represents fatigue of structural steel
which is considered in the following. Fatigue
maybe modelled with a fracture mechanics (FM)
model which is calibrated to an SN fatigue

model. The SN limit state function g™ (Equ. (7)

) for the component i , i.e. hot spot is formulated
in dependency of fatigue capacity A, the annual
number of stress cycles v , the stress ranges

Ao, and the SN curve constants m and K.

E[Ao{"]

giSN =A-v-t (7)

The expected value of the stress ranges

E[Aaﬂ (Equ. (8)) is calculated with the model

uncertainty M , the cut-off stress range s, and

the Weibull scale parameter 2 as well as the
Weibull location parameter k .

A
m m S
E|Ac™ |=(MK) T'|1+—;| =2 8
[aon]=( )(ﬁ[k]j ®
The FM model is described with the limit state
function g™ (Equ. (9)) containing the critical



12" International Conference on Applications of Statistics and Probability in Civil Engineering, ICASP12

crack depth a, . and the crack depth distribution
a, (t) attime t for the component i.

giFM =a, - 4§ (t) ©)

The calibrated FM model allows for reliability
based inspection planning. Further, with the
quantification of the crack size distribution

a(t), a continuous modelling of the

deterioration state is facilitated. The crack depth
at year t conditional on the inspection outcomes
can be calculated with the approach recently
proposed by Straub and Papaioannou (In press).
The algorithm can be interpreted as an
enhancement of the classical rejection sampling
algorithm for Bayesian updating which can be
based on subset simulation (Au and Beck
(2001)).

2.1.1. Coupling of the structural system and the
deterioration model
The structural system resistance consists of the

individual component resistances R (t) which

are continuously reduced by the development
and growth of fatigue cracks over time. This
continuous deterioration state can be described
with the reduction initial component resistance
R, in dependency of a resistance reduction

factor r, multiplied with the crack size a,(t) to

wall thickness d, ratio, see Equ. (10). The

resistance reduction factor can be determined by
the crack to thickness ratio induced lost cross
sectional area.

R (t)=R, (1— a %} (10)

2.2. SHM strategies

SHM concerns the loading, the structural and/or
the structural response as well as the
consequence characteristics. These
characteristics can be represented with analytical,
empirical or semi-empirical models which are
subjected to model uncertainties. The model
uncertainties may be determined by means of
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measurements (see e.g. JCSS (2006)) which
implies that SHM data contain information about
the model uncertainties. In this way, vyet
unknown SHM data can be modeled pre-
posteriorly in the context of the Bayesian
decision theory. This means that the expected
stress ranges for fatigue are calculated in
dependency of realizations of the model

uncertainties M (Equ. (11)) accounting for the
SHM uncertainty U .

A
~ A m (s
E|Ac, |[M |=(MUK) I'|1+—;| 2% 11
[, 18] = (NhuK) [ i(kj]()
In the context of structural systems, the SHM
system information can also be utilized for the

calculation of system failure probability by
utilizing the realizations of a vector of system

model uncertainties M and accounting for the
measurement uncertainty (Equ. (12)).

p(FS||\7|): '[ f,y (z,ulM)dzdu (12)

Fs

2.3. Service life integrity management and risk
model
The service life integrity management model
builds upon the reliability based inspection and
repair planning decision rule (see Faber,
Engelund et al. (2000), Straub (2004) and
Schneider, Thons et al. (2013)) with the adaptive
actions inspection and repair. Additionally, the
risks due to component fatigue failure and
system failure are calculated.
The expected life cycle benefits B, without

utilizing SHM are the sum of the expected costs
(negative expected benefits) of the componential

structural integrity management E[C,], the risk

of component fatigue failure R;, and the risk for
structural system failure Ry (Equ. (13)). The

expected costs of the componential structural
integrity management consist of the expected

value of the costs of inspection E[C ] and

i,Insp

the expected value of the costs of repair E[CLR}
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(Equ. (14)) and are calculated following Straub
(2004).

B,(d(a2),2)= —(Zn:(E[ci]+ Ro)+Re, j (13)

E[C |=E [C“nsp}!E [Cir] (14)

The expected inspection costs are calculated with
the probability of component survival given no
repair at any previous inspections

(1— P(Fi 0401 F_ai,[O,tinSp—l])) and the inspection costs

at time t,, as the sum over all inspections n,,

see Equ. (15). The inspection costs are
discounted to the present value, i.e. to the value
at the time of the decision, with the discount rate
r (Equ. (15)). The repair event R is defined as a
crack indication event and a crack sizing larger
than 1 mm (see Straub (2004) for details).

tinsp,ni

E[Cog |= D, (1—P(Fi‘[o,tm]IFE‘[O,W1]))(13‘:5’15 (15)

¢ P
tmsp *tmspl )

The expected repair costs are calculated as the
sum of the product of the joint probability of
repair at inspection time t__ and component

insp

survival up to year t, . given no repair at any

previous inspections, i.e. P(R N and

nsp | Iii,[o,tinsp—l])
(1_P(F[0tim] | ﬁi,[o,tm—u))' respectively, and the

repair costs C, . (which are discounted) over the
inspection times (see Equ. (16) and (17)). It is
assumed that a repaired hot spot behaves like a

hot spot that has no indication at the inspection
(see Straub (2004)).
tinso =ti

Yoo C.
ecal- 3 A

P,—F (16)
(L)
P _P(R tingp ﬁi,[o,tmsp—l])(l_P(Fl[tmsp]| 1[0t 1] ))(17)
The risk of component fatigue failure R, (Equ.
(18)) is calculated as the sum of the yearly

individual service life risks which itself are the
product of the probability of failure in year t
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given no repair P(Fi’[t] | ﬁi,[o,t—l]) and the costs of
the component C, , which are discounted.

ts _ C.
Ro = P(F | Rios)—2— (18)
D tzﬂ: ( [t [0t 1])(1+r)t
The risk of system failure R is calculated

utilizing the annual probability of system failure
P(Fsy) - see Equ. (6) and the discounted

consequences for system failure C

fse CF
Re. =) P(Fypy)—— 19
» = 2Py (19)

The expected value of the life cycle benefit
utilizing SHM B, is calculated similarly with the

expected value of the costs for the componential
structural integrity management E[C’™ |, the

risk of component fatigue failure R%™ and the
risk of system failure RZ™ which are changing

due to the different probabilistic characteristics
(see section 2.2) and the costs for SHM.
B (d(a X,Z),5,X,Z)

= ( (E[CS“M]+RS“M)+R,§:*MJ
The expected value of the costs for the
component structural integrity management

include now additionally the expected value of
the costs for the SHM system and operation

E[CiSHMJ comprising the SHM system

(20)

investment C, ,, the installation costs C; ., and
the operation costs C,,, (Equ. (21)). The

expected SHM system operation costs are
accumulated for each service life year and are
based on the probability of component survival

given the SHM information P( |[t]|M) (see
section 2.2) are discounted (Equ. (22)).

E[C™ ]=E[Cm ]+ E[CE" |+E[Ciqm | (22)

i,Inv 1

I

E[Ci,SHM:| ClInV+C|Inst+zP( |[t]|M)(f+r) (22)
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3. CASE STUDY

3.1. Structural system and deterioration model

A Daniels system model is chosen for the case
study as it applies to widely used redundant
structural systems and accounts for its
mechanical behavior (see e.g. Gollwitzer and
Rackwitz (1990)).

-

Figure 1: Daniels System

The Daniels system (Figure 1) consists of n=5
hot spots which are designed with fatigue design
factors of 2.0 (three hot spots) and 3.0 (two hot
spots). The system loading S is resisted by the
components with time dependent component

resistances R, (t) . Both, the loading and
resistance models are subject to model
uncertainties Mg and M, respectively. System
failure F; is then described with Q. = {g.s <0}
and Equ. (23) for ideal ductile behavior.

P(ge <0)= [ZMR.. S<0] (23)

The loading of the Daniels system and the
resistance of the components are Log-Normal
and Weibull distributed with a standard deviation
of 0.1, see Table 1. The probabilistic models for

the model uncertainties M, and M, are
determined in accordance with JCSS (2006).

Table 1: Probabilistic structural system model
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The SN fatigue resistance A and the model
uncertainties M, (load calculation), M

(nominal stress calculation), M, (hot spot stress
calculation) and M, (weld quality) are modeled

following Folsg, Otto et al. (2002), see Table 2.
The location parameter k of the long-term stress
distribution is scaled so that the accumulated
fatigue damage after t = FDF - ts years equals
one applying the characteristic value for K.

(o2

Table 2: Probabilistic SN fatigue deterioration model

Var. | Dim. | Dist. | Exp. value | Std. dev.
A - LN 1.0 0.3
InK - N 28.995 0.572

m - Det. 3.0

k MPa | LN Dep. on 0.2x 14y

FDF

1/4 - Det. 1.2

So MPa | Det. 0.0

vy | yrt | Det. | 3.0x10°

ty, yr Det. 20.0

M, LN 0.89 0.27
M, LN 1.01 0.12
M LN 1.02 0.20
M LN 1.02 0.20

LN: Lognormal, N: Normal

The FM model is based on a 2D-FM-model and
a single slope Paris’ law crack growth model, see
BS 7910 (2005). For simplicity identical hot
spots in terms of the wall thickness and the
degree of bending are assumed (Table 3). The
initial crack size is modelled exponentially
distributed following Moan and Song (2000).

Table 3: Probabilistic FM model

Var. | Dim. | Dist. | Exp.value | Std. dev.
M, - LN 1.0 0.05
R, - LN 1.0 0.1
M, - LN 1.0 0.1

S 1ly | WBL 3.5 0.1

I - Det. 0.6 -

LN: Lognormal, WBL: Weibull

Var. Dim. Dist. | Exp. value | Std. dev.
d mm Det. 16
a, Det. 16
DoB Det. 0.5
Faspect Det. 0.2
a, EX 0.11 0.11
InC | Nand mm N Cal. 0.77
Mg LN Cal. 0.1

LN: Lognormal, N: Normal, EX: Exponential
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The expected values of the crack growth
parameter and of the stress intensity factor model
uncertainty are calibrated to the SN model.

A correlation of the fatigue deterioration of 0.6 is
assumed following on Moan (1994). Further, the
component resistances including their model
uncertainties are assumed to be correlated with
0.5.

3.2. SHM strategy

The SHM strategy consists of monitoring the
system loading and thus of hot spot stresses, i.e.
hot spot loading. The probability of structural
system failure utilizing SHM is calculated with
the realizations of the system loading model

uncertainty I\7I by:

P(gs™ <0)= (ZM R ( MUS<O](24)

The expected values of the stress ranges for the
individual hot spots are modeled conditional on
the realizations of the hot spot loading model
uncertainties, i.e.:

E[AO‘i ||\7|L]=

. m #) (29)
(MM, M MU k) r{1+%;(%"] J

In Equ. (24) and (25), the measurement
uncertainty U, is introduced to account for the

uncertainties associated with the observations of
the structural system and the hot spot loading.
The probabilistic model builds upon the
quantified measurement uncertainties in Thons
(2011), see Table 4. The costs of the considered
5 channels SHM system consisting of
investment, installation and operation are chosen
in accordance with Thons, Faber et al. (2014).

Table 4: Probabilistic model and cost model for SHM
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1ly Det. | 2.00x10™ -

Ci,Op

N: Normal

3.3. Service life integrity management model

The service life integrity management
model takes basis in the reliability based
inspection and repair planning at component, i.e.
hot spot, level. The inspection plans for the
individual hot spots are determined such that a
given maximum threshold for the annual
probability of component fatigue failure Ap, for
each of the hot spots is maintained throughout
the service life of 20 years. The inspection
strategy is magnetic particle inspections (MPI)
which are modelled with the parameters o and
S following e.g. Straub (2004), see Equ. (26)
and Table 5.

exp(a+ BIn(a))

PoD(a) = 1+exp(a+ BIn(a))

(26)

Table 5:Probabilistic inspection model

Var. | Dim. | Dist. Exp. Std.
value dev.
o - Det. 0.63
B - Det. 1.16

The cost model for the service life integrity
management and the calculation of risks builds
upon generic normalized values for the adaptive
actions inspection and repair and the
consequences in case of component, i.e. hot spot,
fatigue failure and structural system failure (see
Straub (2004) and Baker, Schubert et al. (2008)).
The discounting rate is assumed to be equal to
0.05.

Table 6: Cost model for the service life integrity
management and the calculation of risks

var. Dim. Dist. | Exp. value | Std. dev.
U, - N 1.0 0.05
C.,, | 1/channel | Det. 1.33x10* -

C, . | 1/channel | Det. 1.33x10* -

Var. Exp. value
Ci s 1.0x10°
Cin 1.0x107
Cio 1.0
Ce, 100
r 0.05
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3.4. Value of load monitoring

The value of load monitoring (Equ. (1)) is
calculated by quantifying the service life benefits
B, utilizing SHM (Equ. (20)) and B, without
SHM (Equ. (13)) with the structural system
model accounting for the fatigue deterioration
throughout the service life (sections 2.1 and 3.1).
The structural integrity ~management s
performed with four different probability of
component fatigue failure thresholds A4p, ,

namely 1.0x107%, 3.0x107%, 1.0x10™ and 3.0x10™.

The value of SHM (Figure 2) varies
between 19.6 and 4.9 in dependency of the
threshold. It is observed that the expected value
of the service life benefit is substantially
increased by SHM for high probability of
component fatigue failure thresholds. For the
threshold 1.0x103, the value of SHM has its
minimum because the uncertainty reduction due
to SHM is counteracted by higher annual
component and thus system failure probabilities
(below the component fatigue failure threshold)
caused by less inspections.
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n

Vinsp = o (E |:Ci,lnsp :I - E I:Clsllzl\; :|) (27)
V., = (E[C.]-E[ci]) 28)
Vi = Zn:(Ri,D - Ri?DHM ) (29)

i=1

It is observed that (1) the values of SHM
for the accumulated component structural
integrity management are significantly lower in
comparison to the value of SHM caused by the
significantly higher consequences for system
failure (see Table 6) and (2) that the values of
SHM are positive throughout the considered
thresholds. For thresholds higher than 1.3x107,
the value of SHM is caused by component risk
reduction and inspection cost reduction. For
thresholds lower than 1.3x107, the value of SHM
is lower and it is caused by risk, inspection and
repair cost reduction.

V' 300

By 20.0

B, 10.0

0.0

-10.0 ===

-200 p=T”

-30.0

0.01 0.001

— YV
- - B

Ap,, 0:0001

---.Bo

Figure 2: Value of SHM, the service benefits utilizing
no SHM and utilizing SHM for the system

Figure 3 summarizes the value of SHM in regard
to the accumulated component structural
integrity management due to inspections and
repair and the component risks of fatigue failure,
1.6, Vg =Ving +Viep +Viise (EQU.(27) t0 (29)).

insp risk

VSWI 1.0E-01
Vinsp 8.0E-02
P 6.0E-02 N\
VRisk \
4.0E-02 \ \
20E-02 f= ==~ } L
N-==
0.0E+00 H-rmms=—= T ,
0.01 0.001 ApD 0.0001
Vo — = Vo
- = Vinsp ===- Vrep

Figure 3: Accumulated value of SHM for components
and in regard to inspections, repair and the
component risks of fatigue failure

4. CONCLUSIONS

This paper addresses the quantification of the
value of SHM before its implementation for
deteriorating structural systems on the basis of its
Value of Information. The quantification of the
value of SHM facilitates the optimization of
SHM strategies by the optimization of the
structural system risk and integrity management.
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The paper focusses on the value of SHM for
fatigue deteriorating systems with the SHM
strategy load monitoring which provides
information about the structural system and the
component loading. The structural system
performance is modeled by a continuous
structural resistance reduction due to fatigue
deterioration.

The value of SHM for load monitoring is
quantified with a generic structural system
formulation utilizing a ductile Daniels System.
Positive values of SHM due to structural system
risk reduction and lower expected cost of the
structural system integrity management are
calculated in dependency of the service life
probability of fatigue failure threshold.

The value of SHM for load monitoring is
dominated by the system risk reduction as the
consequences of system failure are significantly
higher than the accumulated component
structural integrity management costs and risks
of fatigue failure. For high thresholds, high
values of SHM are calculated. For lower
thresholds, the value of SHM decreases.

5. REFERENCES

ASCE (2013). Report Card on America’s Infrastructure.

Au, S.-K. and J. L. Beck (2001). Estimation of small
failure probabilities in high dimensions by subset
simulation. Probabilistic Engineering Mechanics 16(4):
263-277.

Baker, J. W., M. Schubert and M. H. Faber (2008). On the
assessment of robustness. Structural Safety 30(3): 253-
267.

BS 7910 (2005). Guide to methods for assessing the
acceptability of flaws in metallic structures. BSI. UK.
Ditlevsen, O. and P. Bjerager (1986). Methods of
Structural Systems Reliability. Structural Safety 3: 195-

229.

EUROCONSTRUCT (2007). European
market trends to 2010, Country report.

Faber, M. H., S. Engelund, J. D. Sgrensen and A. Bloch
(2000). Simplified and Generic Risk Based Inspection
Planning. Proceedings OMAE2000, 19th Conference
on Offshore Mechanics and Arctic Engineering, New
Orleans, Louisiana, USA.

Faber, M. H., J. D. Sgrensen and |. B. Kroon (1992).
Optimal Inspection Strategies for Offshore Structural
Systems. Proceedings OMAE1992, 11th International
Conference on Offshore Mechanics and Arctic
Engineering, Calgary, Canada.

construction

Vancouver, Canada, July 12-15, 2015

Faber, M. H., J. D. Sgrensen, J. Tychsen and D. Straub
(2005). Field Implementation of RBI for Jacket
Structures. Journal of Offshore Mechanics and Arctic
Engineering 127(3): 220-226.

Faber, M. H. and S. Théns (2013). On the Value of
Structural  Health  Monitoring. ESREL  2013.
Amsterdam, The Netherlands.

Folsg, R., S. Otto and G. Parmentier (2002). Reliability-
based calibration of fatigue design guidelines for ship
structures. Marine Structures 15(6): 627-651.

Gollwitzer, S. and R. Rackwitz (1990). On the Reliability
of Daniels Systems. Structural Safety 7: 229-243.

JCSS (2006). Probabilistic Model Code, JCSS Joint
Committee on Structural Safety.

Lee, Y.-J. and J. Song (2011). Risk quantification of
fatigue-induced sequential failures by Branch-and-
Bound method employing reliability bounds. 11th
International Conference on Applications of Statistics
and Probability in Civil Engineering (ICASP11),
Zurich, Switzerland.

Moan, T. and R. Song (2000). Implications of Inspection
Updating on System Fatigue Reliability of Offshore
Structures. Journal of Offshore Mechanics and Arctic
Engineering 122(3): 173-180.

Naess, A., B. J. Leira and O. Batsevych (2009). System
reliability analysis by enhanced Monte Carlo
simulation. Structural Safety 31(5): 349-355.

Schneider, R., S. Théns, W. Ricker and D. Straub (2013).
Effect of different inspection strategies on the
reliability of Daniels systems subjected to fatigue. 11th
International Conference on Structural Safety &
Reliability (ICOSSAR 2013). New York, USA.

Straub, D. (2004). Generic Approaches to Risk Based
Inspection Planning for Steel Structures. PhD. thesis.
Chair of Risk and Safety, Institute of Structural
Engineering. ETH Zirich.

Straub, D. and A. D. Kiureghian (2011). Reliability
Acceptance Criteria for Deteriorating Elements of
Structural Systems. Journal of Structural Engineering
137(12).

Straub, D. and I. Papaioannou (In press). Bayesian
Updating with Structural Reliability Methods. Journal
of Engineering Mechanics 0(0): 04014134.

Thons, S. (2011). Monitoring Based Condition Assessment
of Offshore Wind Turbine Structures. PhD thesis. Chair
of Risk and Safety, Institute of Structural Engineering.
ETH Zurich.

Thons, S. and M. H. Faber (2013). Assessing the Value of
Structural Health Monitoring. 11th International
Conference on Structural Safety & Reliability
(ICOSSAR 2013). New York, USA.

Thons, S., M. H. Faber and W. Rucker (2014). Optimal
Design of Monitoring Systems for Risk Reduction and
Operation Benefits. SRESA's International Journal of
Life Cycle Reliablity and Safety Engineering 3(1): 1-
10.



	1. Introduction
	2. Quantification of the value of SHM
	2.1. Structural system model and deterioration model
	2.1.1. Coupling of the structural system and the deterioration model

	2.2. SHM strategies
	2.3. Service life integrity management and risk model

	3. Case study
	3.1. Structural system and deterioration model
	3.2. SHM strategy
	3.3. Service life integrity management model
	3.4. Value of load monitoring

	4. Conclusions
	5. References

