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Metodologie di verifiche “Safety Formats” di 

strutture in c.a./c.a.p. secondo Annex F – EC2 
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GLOBAL RESISTANCE FORMAT (GRF)

fib MODEL CODE 2010 and 2020

            

 

effects

(design) (design)

(NLNA: Non-Linear Numerical Analysis)
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GLOBAL RESISTANCE FORMAT (GRF)

fib MODEL CODE 2010 and 2020

Global Structural Resistance
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GLOBAL RESISTANCE FORMAT (GRF)

fib MODEL CODE 2010 and 2020

Partial safety factors

       actions 

           materials and geometry

           modelling hypotheses

aleatory uncertainties

epistemic uncertainties

Probability of  failure pf
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GLOBAL RESISTANCE FORMAT (GRF)

fib MODEL CODE 2010 and 2020

(A. Migliacci)

R=resistenza
S=azione
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GLOBAL RESISTANCE FORMAT (GRF)

fib MODEL CODE 2010 and 2020

Probability of  failure pf

pf = (−  )  = −−( pf )
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GLOBAL RESISTANCE FORMAT (GRF)

fib MODEL CODE 2010 and 2020

Probability of  failure
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GLOBAL RESISTANCE FORMAT (GRF)

fib MODEL CODE 2010 and 2020

Classi di consequenza CC
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GLOBAL RESISTANCE FORMAT (GRF)

fib MODEL CODE 2010 and 2020

Classi di consequenza CC

 in 1 anno

 in 50 anni
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GLOBAL RESISTANCE FORMAT (GRF)

fib MODEL CODE 2010 and 2020 –

EC2 - ANNEX F

Modello numerico non lineare

Resistenza Globale = valore «incrementato» della combinazione di 

azioni esterne

Sicurezza strutturale (incertezze elatorie ed epistemiche - )

Metodologie di verifica –

Safety formats
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GLOBAL SAFETY FORMATS AND SAFETY FACTORS

fib MODEL CODE 2010 and 2020 –

EC2 - ANNEX F

GLOBAL RESISTANCE FORMAT (GRF)

fib MODEL CODE 2010 fib MODEL CODE 2020 –

EC2 - ANNEX F

PFM – Partial Factor Method PFM – Partial Factor Method 

GRMs – Global 

Resistance 

Methods

GRF – Global 

Resistance Factor 

GFM – Global Factor Method 
ECoV – Estimation 

of Coefficient of 

Variation

GSF – Global Safety 

Factor

PM – Probabilistic Method PM – Probabilistic Method
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GLOBAL SAFETY FORMATS AND SAFETY FACTORS

1. Partial Factor Method (PFM) (fib Model Code 2010, 2013);

2. Global Resistance Methods (GRMs):

- 2.a Global Resistance Factor (GRF) (fib Model Code 2010, 2013);

- 2.b Method of Estimating the Coefficient of Variation of the

structural resistance (ECoV) (fib Model Code 2010, 2013);

- 2.c Global Safety Factor (GSF) based on mean values of material

properties (Allaix, Carbone & Mancini, 2013);

3. The general probabilistic approach is considered the Probabilistic

Method (PM) (fib Model Code 2010, 2013).

fib MODEL CODE 2010 and 2020
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GLOBAL SAFETY FORMATS AND SAFETY FACTORS

1 PFM – Partial Factor Method 

2.a GRF – Global Resistance Factor (EN 1992-2)

N°of simulations required: 1

N°of simulations required: 1

RNLNA (fcmd, fym)

0.85cmd ckf f=

1.1ym ykf f=

RNLNA(fd)

( ; )NLNA d d
d

Rd

R X a
R


=

nom( , ; )NLNA cmd ym

d

GL

R f f a
R


=

GL R Rd  = (=1.27)

fib MODEL CODE 2010 and 2020

aleatory uncertainties

epistemic uncertainties
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2.b ECoV – Estimation of Coefficient of Variation

N°of simulations required: 

1 RNLNA (fm)

1 RNLNA (fk)

2

exp( )R R RV  =  

GLOBAL SAFETY FORMATS AND SAFETY FACTORS

Log-normality assumption
( ; )NLNA m nom

d

R Rd

R X a
R

 
=



( )

( )

;1
ln

1.65 ;

NLNA m nom

R

NLNA k nom

R X a
V

R X a

 
=   

 

fib MODEL CODE 2010 and 2020

epistemic uncertaintiesaleatory uncertainties
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2.c GSF – Global Safety Factor

N°of simulations required:

exp( )R R RV  =  

RV

- Reduced Monte Carlo simulation: Latin Hypercube Sampling (LHS)

Then:

(e.g., around  30)

Log-normality assumption

GLOBAL SAFETY FORMATS AND SAFETY FACTORS

( ; )NLNA m nom
d

R Rd

R X a
R

 
=



fib MODEL CODE 2010 and 2020

epistemic uncertaintiesaleatory uncertainties
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3 PM – Probabilistic Method

N°of simulations required:

- Reduced Monte Carlo simulation: Latin Hypercube Sampling (LHS)

(e.g., around  30)

The distribution (which can be 

generic) is characterized.

GLOBAL SAFETY FORMATS AND SAFETY FACTORS

fib MODEL CODE 2010 and 2020
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GLOBAL SAFETY FORMATS AND SAFETY FACTORS

fib MODEL CODE 2010 and 2020 –

EC2 - ANNEX F

GLOBAL RESISTANCE FORMAT (GRF)

fib MODEL CODE 2010 fib MODEL CODE 2020 –

EC2 - ANNEX F

PFM – Partial Factor Method PFM – Partial Factor Method 

GRMs – Global 

Resistance 

Methods

GRF – Global 

Resistance Factor 

GFM – Global Factor Method 
ECoV – Estimation 

of Coefficient of 

Variation

GSF – Global Safety 

Factor

PM – Probabilistic Method PM – Probabilistic Method
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3 PM – Probabilistic Method

N°of simulations required:

- Reduced Monte Carlo simulation: Latin Hypercube Sampling (LHS)

(e.g., around  30)

The distribution (which can be 

generic) is characterized.

PROBABILISTIC METHOD (PM)

fib MODEL CODE 2010 and 2020

EUROCODICE 2  -  Annex F
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PARTIAL FACTOR METHOD (PFM)

EUROCODICE 2  -  Annex F

1 PFM – Partial Factor Method 

( ; )NLNA d d
d

Rd

R X a
R


=

partial safety factor for the 

resisting model uncertainties

(between and within)

structural resistance by 

means of  1 NLNA 

considering the design 

values (assuming a target 

reliability index - prEN

1990:2020 and 

prEN 1992-1-1:2020 -

Annex A) for the material 

and geometrical 

properties

design structural resistance
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( );NLNA m nom

d

R Rd

R X a
R

 
=

design structural resistance

partial safety factor accounting for 

both the aleatory uncertainties of  the 

material and geometrical properties

partial safety factor for the 

resisting model uncertainties

(between and within)

structural resistance by 

means of  1 NLNA 

considering the mean and 

nominal values, respectively, 

for the material and 

geometrical properties

(actual failure mode)

GLOBAL FACTOR METHOD (GFM)

EUROCODICE 2  -  Annex F

2 GFM – Global Factor Method (ECoV)
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( );NLNA m nom

d

R Rd

R X a
R

 
=

Aleatory uncertainties:

GLOBAL FACTOR METHOD (GFM)

fib MODEL CODE 2010 and 2020

EUROCODICE 2  -  Annex F

partial safety factor accounting for both the aleatory 

uncertainties of  the material and geometrical properties
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GLOBAL FACTOR METHOD (GFM)

fib MODEL CODE 2010 and 2020

EUROCODICE 2  -  Annex F

( )exp
1.00

R t R

R

R

V 





= 

sensitivity factor: set equal to 0.8 in line to

the assumption of dominant resistance

variable within the reliability analysis

the target reliability index and can be

adopted in compliance to:

prEN 1990:2020 and prEN 1992-1-1:2020

Annex A

the coefficient of  variation (CoV) 

of  the global structural resistanceis related to the bias

factors of geometrical

properties deviations

δR,g and to the mean-to-

mean deviation δR,m

(δR=δR,g·δR,m)⋍1
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GLOBAL FACTOR METHOD (GFM)

fib MODEL CODE 2010 and 2020

EUROCODICE 2  -  Annex F

2 2

, , 0.3R R m R g RV V V with V= + 

VR,m represents the coefficient of  variation associated to the material 

uncertainties (=0.15) or according to ECoV method:

The coefficient of  variation of  

the global resistance:

( )

( )
,

;1
ln

1.65 ;

NLNA m nom

R m

NLNA k nom

R X a
V

R X a

 
=   

 

the same NLNA

a second NLNA considering the 

characteristic and nominal values, 

respectively, for the material and 

geometrical properties

VR,g denotes the coefficient of  variation related to the geometrical

uncertainties = 0.05
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( );NLNA m nom

d

R Rd

R X a
R

 
=

Modelling uncertainties:

?

PARTIAL FACTOR METHOD (PFM)

GLOBAL FACTOR METHOD (GFM)

fib MODEL CODE 2010 and 2020

EUROCODICE 2  -  Annex F

( ; )NLNA d d
d

Rd

R X a
R


=

?
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experimental test

NLNA result

resisting model uncertainties (random variable)

Under the log-normality hypothesis, the partial safety factor

representative of the resisting model uncertainties can be determined,

according to JCSS Probabilistic Model Code (2001), as follows:

PARTIAL FACTOR FOR THE RESISTING MODEL 

UNCERTAINTIES

 the mean value of  the resisting model uncertainties

V the coefficient of  variation of  the resisting model uncertainties 

the sensitivity factor, equal to 0.32 for 

non-dominant resistance variable
the reliability index 

𝑅𝑁𝐿𝑁𝐴,𝑖

the coefficient 

of  variation 

associated to 

the epistemic 

uncertainties
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EXPERIMENTAL TESTS

The experimental results reported in the scientific literature

(Filho 1995, Foster and Gilbert 1998, Lefas and Kotsovos 1990,

Leonhardt and Walther 1966, Vecchio and Collins 1982) and

related to 25 different typologies of structural members are

considered and assumed as benchmark test set.

(four shear panels, five deep beams and eleven walls)

Filho 1995 Foster and Gilbert 1998
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EXPERIMENTAL TESTS

Vecchio and Collins 1982

Lefas and Kotsovos 1990

Leonhardt and Walther 1966
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DEFINITION OF THE NLN MODELS –

MODEL UNCERTAINTIES

225 NLNAs = 25 r.c. structures x 3 Software codes x 3 Constitutve laws in 

                tension for concrete 

20180225
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DEFINITION OF THE NLN MODELS –

MODEL UNCERTAINTIES

(between 

and 

within)
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NLNAs RESULTS
Filho 1995 Foster and Gilbert 1998
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PROBABILISTIC MODEL AND 

BAYESIAN UPDATING

,

,

EXP i

NL

i

NA i

R

R
 =

From NLNAs results, resisting model 

uncertainties have been computed:
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PARTIAL SAFETY FACTOR FOR THE 

RESISTING MODEL UNCERTAINTIES

1.15Rd =
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Experimental tests

16 different r.c. walls:

Kypros Pilakoutas and Amr Einashai. Cyclic Behaviour of  Reinforced 

Concrete Canti-lever Walls, Part I : Experimental Results. ACI structural 

journal no.92-S25, 1995. 

Ioannis D. Lefas and Micheal D. Kotsovos. Strength and deformation

characteristics of reinforced concrete walls under load reversals. ACI

structural journal no.87-S74, 1990.

Yunfeng Zhang and Zhihao Wang. Seismic behaviour of reinforced

concrete shear walls subjected to high axial loading. ACI structural journal

no.97-S75, 2000.

 

Model uncertainties for cyclic loads
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Model hypotheses
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NLNAs

(between and within)
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Results:

Load vs

displacement 

diagrams from 

experimental 

tests SW7 of 

Zhang and Wang 

and NLFEA 

results:

(a-c) Software A, 

(d-f) Software B
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Results

Load vs

displacement 

diagrams from 

experimental tests 

SW8 of Zhang and 

Wang [22] and 

NLFEA results:

(a-c) Software A, 

(d-f) Software B. 
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Results

Ref

 [*]

Exp. 

tests

Structural model

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

[34]

SW4 0.83 1.00 0.76 0.82 0.81 0.75 0.81 0.82 0.85 0.82 0.77 0.68 0.82 0.77 0.67 0.81 0.74 0.67

SW6 1.08 0.90 0.89 0.92 0.90 0.81 0.88 0.87 0.80 0.98 0.90 0.76 0.98 0.87 0.76 0.97 0.88 0.76

SW8 0.74 0.75 0.67 0.72 0.73 0.64 0.69 0.70 0.62 0.74 0.68 0.60 0.74 0.69 0.59 0.72 0.68 0.59

[35]

SW31 1.04 0.96 0.72 0.96 0.87 0.69 0.91 0.83 0.66 1.32 0.99 0.83 1.18 0.91 0.79 1.17 0.88 0.77

SW32 1.01 0.97 0.78 0.97 0.94 0.78 0.93 0.85 0.77 1.18 1.09 0.86 1.18 1.09 0.86 1.12 1.09 0.86

SW33 1.04 1.00 0.86 1.01 0.98 0.80 0.98 0.95 0.78 1.18 1.16 0.94 1.17 1.10 0.91 1.16 1.13 0.88

[36]

SW7 1.06 1.03 0.97 0.99 0.99 0.96 0.95 0.98 0.89 0.89 0.90 0.83 0.84 0.85 0.79 0.80 0.81 0.76

SW8 1.00 1.02 0.95 0.99 1.00 0.93 0.93 0.95 0.88 0.96 0.99 0.92 0.92 0.93 0.89 0.88 0.90 0.89

SW9 0.94 0.93 0.88 0.88 0.90 0.84 0.84 0.88 0.83 0.94 0.95 0.88 0.91 0.92 0.86 0.88 0.90 0.85

[37]

B6 0.96 1.01 0.87 0.92 1.01 0.88 0.91 0.97 0.88 0.94 0.93 0.82 0.94 0.92 0.82 0.91 0.91 0.82

B7 0.96 1.00 0.79 0.91 0.96 0.78 0.90 0.95 0.76 0.78 0.81 0.69 0.77 0.79 0.69 0.75 0.79 0.68

B8 0.95 0.97 0.85 0.89 0.91 0.81 0.86 0.91 0.79 0.80 0.82 0.72 0.77 0.82 0.73 0.76 0.82 0.73

F2 1.07 1.00 0.80 1.01 1.01 0.77 0.97 0.93 0.76 0.80 0.82 0.67 0.80 0.82 0.67 0.76 0.82 0.66

[38]

WSH2 0.95 0.99 0.70 0.93 0.97 0.69 0.82 0.88 0.64 0.95 0.88 0.73 0.98 0.87 0.73 0.92 0.87 0.73

WSH3 1.03 1.02 0.75 1.00 1.01 0.69 0.83 0.96 0.67 0.94 0.85 0.75 0.91 0.84 0.74 0.94 0.85 0.75

WSH6 0.94 0.96 0.81 0.90 0.91 0.80 0.87 0.88 0.75 0.97 0.90 0.81 0.96 0.90 0.79 0.93 0.89 0.78

i = REXP,i/RNLFA,i 
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Probabilistic analysis
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Results

New 

structures

Reference life
Consequences 

of failure

Reliability 

index 

β

FORM factor 

αR

Partial safety 

factor 

γRd 

[Years] [-] [-] [-] [-]

50 Low 3.1
Non-dominant

0.32

1.31

50 Moderate 3.8 1.35

50 High 4.3 1.38

Existing 

structures

Reference life

Reliability 

index 

β

FORM factor

αR

Partial safety 

factor 

γRd 

[Years] [-] [-] [-]

50 3.1 - 3.8
Non-dominant

0.32

1.31-1.35

15 3.4 - 4.1 1.33-1.37

1 4.1 - 4.7 1.37-1.41
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PARTIAL SAFETY FACTOR FOR THE 

RESISTING MODEL UNCERTAINTIES –

STATIC ANALYSES

1.15Rd =
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PARTIAL SAFETY FACTOR FOR THE 

RESISTING MODEL UNCERTAINTIES –

SEISMIC ANALYSES

1.35Rd =



Politecnico di Torino

PARTIAL SAFETY FACTOR FOR THE 

RESISTING MODEL UNCERTAINTIES –

SLENDER MEMBERS



Politecnico di Torino

Comparison neglecting the modelling uncertainties:

PARTIAL FACTOR METHOD (PFM)

GLOBAL FACTOR METHOD (GFM)

fib MODEL CODE 2010 and 2020

EUROCODICE 2  -  Annex F

( );NLNA m nom

d

R Rd

R X a
R

 
=

( ; )NLNA d d
d

Rd

R X a
R


=

X

X

PARTIAL FACTOR METHOD (PFM)

GLOBAL FACTOR METHOD (GFM) - ECoV
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RC structures - beams

*Aykac, B., Kalkan, I., Aykac, S., Egriboz, E.M. : Flexural behaviour of RC beams with regular square 

or circular web openings, Engineering Structures, 56, pp. 2165-2174, 2013.

- 4 Beams with web openings:

- 1 Beam with a T-shaped cross section designed

according to fib Model Code 2010 and to EC 2.

SL

SM

SH

CLX
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RC beams

- SL: Beam type (Bending)

- SM: Vierendeel type

- SH: Vierendeel type

- CLX: Beam type (Bending)

- T-Beam: Beam type (Bending)

FAILURE MODES 

NLFEA Results: PFM, GRF, ECOV and GSF

The failure mode identifies a specific resisting mechanism

developed with the crisis of a specific material in a certain

region of the structural member.

In line with the 

experimental 

outcomes!
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NLNA Results: PM

 

 

 

 

a) 

Steel re-bars 

yielding 

RC member: 

SL 

    

 Principal strain 

ε2 

Concrete  

crushing 

 

FAILURE MODE: 

Bending 

 

       

b) 

R
 [

k
N

] 

n° simulation  [-] 

 

RC member: 

SL 
NLFE results  

(LHS sampling, n=30) 

 

 

 

Bending 

 

 

Failure mode: 

 

 

 
          

c) 

P
D

F
 [

-]
 

R  [kN] 

 

RC member:  

SL 

 
log-normal 
μR = 80.7 kN 

VR = 0.054 

 

 

 

 

 
 

Beam SL 
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NLNA Results: PM

Beam SM 
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NLNA Results: PM

T-Beam 
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Comparison between GLOBAL SAFETY FORMATS

The model uncertainties are

not considered in these

evaluations!
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…different failure modes: the RESPONSE SURFACE IS NOT CONVEX!!!

❑ The uncertainty related to sensitivity of the model to modify the prediction of 
failure mode depending on material uncertainties is not accounted for in γRd, that 
should be always applied 

Design values

GLOBAL SAFETY FORMATS AND SAFETY FACTORS

T-Beam 

fib MODEL CODE 2010 and 2020

EUROCODICE 2  -  Annex F
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PRELIMINARY ANALYSES (3)

- Mean concrete strength – Design reinforcements strength

- Design concrete strength – Mean reinforcements strength

- Design concrete strength – Design reinforcements strength

(The FAILURE MODES are the same?)

YES NO

Failure mode-based safety factor γFM: 1.15

fib MODEL CODE 2010 and 2020

EUROCODICE 2  -  Annex F
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Failure mode-based 

partial safety factor FM

( );

1.15

NLNA m nom

d

R Rd

R X a
R

 
=



( ; )

1.15

NLNA d d
d

Rd

R X a
R


=



PARTIAL FACTOR METHOD (PFM)

GLOBAL FACTOR METHOD (GFM)

fib MODEL CODE 2010 and 2020

EUROCODICE 2  -  Annex F

PARTIAL FACTOR METHOD (PFM)

GLOBAL FACTOR METHOD (GFM)

( );NLNA m nom

d

R Rd

R X a
R

 
=

( ; )NLNA d d
d

Rd

R X a
R


=
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GLOBAL FACTOR METHOD 

(GFM)

fib MODEL CODE 2010 and 2020

EUROCODICE 2  -  Annex F

PARTIAL FACTOR METHOD 

(PFM)

 fixed

 variable

- Mean – Design properties

- Design – Mean properties

- Design – Design properties

- Mean – Design properties

- Design – Mean properties

- Design – Design properties

- Mean – Mean properties

- Mean – Design properties

- Design – Mean properties

- Design – Design properties

Repeated as a function of  for 

both actions and materials

- Mean – Design properties

- Design – Mean properties

- Design – Design properties

- Mean – Mean properties

- Repeated as a function of 

only for actions

Future developments …
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Thanks for your 
kind attention

PAOLO CASTALDO
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