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Introduction - Partial Safety Factor Format

Uncertainty in representative values
of actions

Uncertainty in material properties

Adapted from
EN 1990:2002
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State of the art

* EN1990:2002: 1.05<y53<1.15

* Y¥sq defined in CEB rules (1964) and CEB/fib
Model Codes (1976, 1990, 2010, 2020)

* Detailed information given in CEB Manual

“Structural Safety” (1980)

» JCSS: LN distribution with mean 1.0 and CoV

between 5 and 20%

—

Coefficient y4 accounts for:

1.

11

1il.

1v.

effect of differences between the actual structure
and the idealized system assumed in the analysis
(CoV = 8% for concrete structures and 5% for
steel structures);

approximations in the analysis (CoV = 5%);
influence of imperfections during execution on
the internal forces (5% for concrete structures
and 2% for steel structures);

the effect of neglected actions at ultimate limit
state (as for instance imposed deformations,
including thermal effects and shrinkage);

the inaccuracy in determining the influence of
load combinations with the chosen safety format
of partial safety factors

(for the uncertainties iv. and v.,, CoV = 8% for concrete
structures and of CoV= 5% for steel structures)

See detailed review 1n Yu, Valeri et al. 2021
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State of the art Open questions

« EN1990:2002: 1.05 <y < 1.15 ¥sq depends on:

* Ysq defined in CEB rules (1964) and CEB/fib * Material?

Model Codes (1976, 1990, 2010, 2020) - Statical system

* Detailed information given in CEB Manual

“Structural Safety” (1980)

e (Calculation method?

* Modelling of the structure?
» JCSS: LN distribution with mean 1.0 and CoV

between 5 and 20% * Governing failure mode?
0

 Erection mode?
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Introduction: model uncertainty in action effects

Statically determinate system Statically indeterminate system

Museu Brasileiro da Escultura e da Ecologia, Sao Paulo, Pavilion for the Kingdom of Bahrain Expo 2020 Dubai,
1995, Arch. P. Mendez da Rocha Arch. C. Kerez, Structural designer J. Schwartz
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Introduction: model uncertainty in action effects

Statically determinate system Statically indeterminate system

Uncertainties in action effects related to:

* Geometrical uncertainties
* Material uncertainties (in case of
several material)

e

* Mechanical modelling
uncertainties (for instance
M- y relationship, shear

* Geometrical uncertainties (for instance e Model 4 deformations accounted
span + position of load) uncertainties for or not, ..)

* Modelling of the structure
(software used + user)

* Structural system changes
during construction

Uncertainties in action effects related to:
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Model uncertainty in action effects
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Definitions

Global verification method (6;) Local verification method (6g)
Load carrying capacity R Internal force E

E
QE < QR Global HG — Rsys,exp ED < RD Local HE,n _ n,sys,exp

sys,mod n,sys,mod

mpre
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Model uncertainty in internal forces and load carrying capacity

Action effects calculation

Sectional
resistance

uncertainty‘%k\

X
Influence on
action effect M ( . )

calculation

Moment M
o

e

Curvature y
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Quantification of the model uncertainty

= Model uncertainty typically quantified by comparing the so-called reality with the calculated
value

= Measured internal forces or load-carrying capacities of actual structures relatively scarce =
laboratory tests considered instead of actual structures

= For statically indeterminate system, laboratory tests also are relatively scarce

* = synthetized tests produced from assembled system using tested simply supported beams
R

* sys,exp
A Rsys, exp * *

Aexp

93) 93!
2 ) 21:(93-2)!

0 o* 0
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Representativeness of investigated system

(4)/th601'etical plastic behaviour

linear elastic
uncracked model

actual vs. model predicted
bending moment at failure

actual vs. model predicted
load bearing capacity
|

0 q* 4, q

Moment M

-

Curvature y

Adapted from Muttoni 1990
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Considered tests

Failure classification

30
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Considered mechanical models

Tension ) ;
Name M-y Shear cop Section Stiffness
stiffening
Linear L
Elastic No - Uncracked
Uncracked [
Linear
Elastic i
Fully No - Cracked
Cracked J
Tri
) Yes Yes Uncracked — Cracked
Linear
Quadri |
Linear i Yes Yes Uncracked — Cracked — Plastic
Quadri
Linear v Yes Uncracked — Cracked — Plastic
Limited s Limited
N.O n No No Variable
Linear

F
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Moment M

Load Q

- increase of curvature due to cracking :

-

Curvature y

QLLIM (Quadri-Linear Limited
Deformation capacity)

(Non-Linear) QL (Quadri-Linear)

Experimental

LEFC (Linear Elastic
Fully Cracked)

TL (Tri-Linear)

(Linear Elastic Uncracked)

Deflection 6 .

L



Example of linear elastic uncracked calculation

Experimental response of
assembled 2-beams system R

Rsys,mod
E
E

n,8YS,exXp

n,sys,mod

Elastic over-design ratio

A
F System
Crr, = 5
EL
Rz,opt
]
R2 Y A A ',0 """"" ‘J
'I
20ptf~——"""" " [ A Y . _ Gttt
I' /’ .
s Activated force at
/',"/" . “system load-bearing
e . capacity
*
O sys,mod 6
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Action effects O¢ (linear elastic uncracked)

Quantile

8 T
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Load bearing capacity 6.

CoV [%]

15

10 |

2.0

1.6

121

1.0

0.8F

0.6

LEU (Linear Elastic Uncracked)
NL (Non Linear) |

?_éf\_—

TL (Tri-Linear) LEFC (Linear Elastic Fully Cracked)

Moment-curvature

¢ W)
.

11 125 2.0 5.0 10 No limit
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Load bearing capacity 6.

M LEU . M TL
Linear Elastic Tri-Linear
p Uncracked

X
15
X
= I I A
>
o ‘ — L —
0
2.0 T T T T r I T T T T o T
6 { — mean | i — mean |
' --- p(0.05)] == p(0.05)
12t
SN —
T = ————— [ e
0.8 |
0.6 L L L L L L L L L L L L
1.1 1.25 2.0 50 10 No limit 1.1 1.25 2.0 50 10 No limit
CEL (hL
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Influence of deformation capacity (“ductility”)

“Brittle” behaviour “Ductile” behaviour

e
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Proposal (for next fib MC or other standard?)

Since the model uncertainty of the internal force calculation mainly
depends on the deformation capacity of the material and the failure
mode, why not to move j4 to the resistance side as a function of the
material (7 and %, for instance as a function of the ductility steel
class) and the failure mode (%, in MC2020)?
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Other uncertainties

Statically determinate system Statically indeterminate system

Uncertainties in action effects related to:

* (Geometrical uncertainties

* Material uncertainties (in case of
several material)

* Mechanical modelling uncertainties (for
instance M- y relationship, shear
deformations accounted for or not, ..)

* Modelling of the structure (software

used + user)

Structural system changes during

construction

Uncertainties in action effects related to:

* Geometrical uncertainties (for instance
span + position of load) .
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Relevance of model “uncertainties” related to the calculation of internal forces

Analysis of failures and accidents shows that
* The influence of analysis and design “errors” cannot be neglected

* We often describe them as “human errors”, but what is the limit between “human error” and “a not
completely suitable modelling” or “an unsuitable approximation” ? Is such a Manichean distinction, in

case of modelling, even possible?

—pr
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Relevance of model uncertainties/errors related to the calculation of internal forces

Collapse of a car parking slab at Gretzenbach, Switzerland, 2004

Accidental action Internal force

(fire) calculation

Execution (soil Execution

cover) (material and
geometrical)
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Relevance of model uncertainties/errors related to the calculation of internal forces

Collapse of a car parking slab at Bluche (VS), Switzerland, 1981

Loading error
(soil cover)
30%

Design errors
53%

Execution error
(concrete strength)
6%
Execution error
(column penetration)

11%

Loading error (scaffolding
during construction)
13%

Execution error
(lower hoggin
reinforcement)

15% _ Design errors
()

49%

Execution error
(insufficient concrete
strength)

23%
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Relevance of model uncertainties/errors related to KINKED RENFORCIG
the calculation of internal forces

Accident of the oil platform Sleipner A in the North Sea, 1991

SPALLED CONCRETE

/\ DEFLECTION
N

A A_=.,»‘ _\
/ - OF WAL

T

SPALLED CONCRE
CRACK WIDTH

)
N
* Finite element modelling

producing results that were

difficult to interpret,
» Unclear combination of
load cases
= (ritical construction details
not properly represented
and designed
Effect of water pressure in
cracks neglected

Sy
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Uncertainties in modelling the structure

Linear elastic shell elements

Nord

e 7 ‘{ 2 Am
siid A 37 v

3490 Ost
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Uncertainties in modelling the structure

Bridge lifting, Weyermannshausviadukt, Berne,
Switzerland, 2024.05.07
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More and more monitoring
results are available => this
allows improving the reliability of

modelling
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Some final personal considerations

In calculating and dimensioning new structures,
* the modelling of the structure should be “as simple as possible, but not
too simple”

1457.60 et 1178 20520
WA “eos18™ S5
. ]

E PFL JCSS, Prague, 2025.05.22, A. Muttoni, Action effects uncertainties 28



Some final personal considerations

In calculating and dimensioning new structures,
* the modelling of the structure should be “as simple as possible, but not too simple”
» FE calculations should always be compared to simple hand calculations

5700 _ Chene=-1178 208

T ~aos18~ _ S5y

AT
-

11282902
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Some final personal considerations

In calculating and dimensioning new structures,

* the modelling of the structure should be “as simple as possible, but not too simple”

» FE calculations should always be compared to simple hand calculations

» The structure should be designed to be less sensitive to uncertainties (for instance,
increasing the deformation capacity and the robustness)

=> this also allows to simplify the calculations (imposed deformations have a

minor influence) and to design a structure in a more sustainable manner
(saving materials)
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Some final personal considerations

In assessing existing structures,
= Refined models are not always necessary: they give the illusion to provide more

“exact” results, but an increased complexity is often associated to additional
uncertainties!

e
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