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Housekeeping

• Assignment 5 due December 17 before class
• Next week: Industry Guest Lecture from Benoit Klein from 

Implenia
• Short exercise to be completed before the lecture
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Circular economy in civil engineering 
(lecture 7/8)
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Resilience (lecture 9)

• Resilience is the capacity of a system to recover and reconstitute critical 
services with minimal damage to public safety, health, and security
• What is the relationship between resilience and sustainability?
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Basu, D., Misra, A., and Puppala, A. (2015). “Sustainability and geotechnical engineering: perspectives and review.” Canadian Geotechnical Journal, 52(1), 96-113.



Example: Christchurch Earthquake

• 6.2 magnitude earthquake near 
Christchurch, New Zealand
• 185 fatalities
• Following the earthquake, over 

60% of concrete buildings in 
central business district with 3+ 
stories were demolished
• “… a significant number of 

buildings with relatively low 
damage were demolished”

6

Gonzalez, R.E., Stephens, M.T., Toma, C., Elwood, K.J., Dowdell, D. (2021). Post-earthquake Demolition in Christchurch, New Zealand: A 
Case-Study Towards Incorporating Environmental Impacts in Demolition Decisions. https://doi.org/10.1007/978-3-030-68813-4_3
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BBC

SAFETY AND RELIABILITY IN CIVIL ENGINEERING
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Agenda

Introduction • Risk in the built 
environment

Risk • What is 
risk?

Design 
philosophy

• Probabilistic 
background

Structural 
verification

• Code 
format

Actions • Different 
types

Wikimedia Commons

Wikimedia Commons
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1. INTRODUCTION
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Preamble

0.1 × 10-5 to 0.3 × 10-5

Nivolianitou, Zoe. (2002). Risk analysis and risk management: a European insight. 
Law, Probability and Risk. 1. 10.1093/lpr/1.2.161. 

International Organization for Standardization (ISO). ISO 2394: General 
Principles on Reliability for Structures. Geneva: ISO, 2015.

“Acceptable” risk of death in structures
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Structures

Wikimedia Commons

Buildings

Wikimedia Commons

Industry

Wikimedia Commons

Infrastructure

Wikimedia Commons

Environment
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Structures

• Fulfill some purpose
– Shelter, connection, production, etc.

• “Structural failure”
– Failure to serve this purpose
– Can be catastrophic, but not necessarily

Wikimedia CommonsNBC News
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Codes, standards, norms

• Switzerland
– SIA (Swiss Society of Engineers and Architects)
– SIA 260 – Basis of Structural Design
– SIA 261 – Actions on Structures

• Europe
– Eurocodes
– EN 1990 – EN 1999
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2. RISKS
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Risk

𝑅𝑖𝑠𝑘	 = 𝐻𝑎𝑧𝑎𝑟𝑑	 ×	 𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒	 ×	 𝑉𝑢𝑙𝑛𝑒𝑟𝑎𝑏𝑖𝑙𝑖𝑡𝑦

Hazard: the possible, future 
occurrence of natural or human-
induced physical events that may 
have adverse effects on vulnerable 
and exposed elements

Exposure: the inventory of 
elements in an area in which 
hazard events may occur

Vulnerability: the propensity of 
exposed elements such as human 
beings, their livelihoods, and assets 
to suffer adverse effects when 
impacted by hazard events

Source: IPCC
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Environmental hazards

Wikimedia Commons Wikimedia Commons

Wikimedia CommonsWikimedia Commons

Wind Snow

Earthquake Flood
etc.
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Human hazards

etc.

Wikimedia Commons CBC News Wikimedia Commons

Design error Overload Fire
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Durability hazards

etc.

Corrosion Fatigue
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Risk scenarios

• Multiple hazards can occur at the same time

Wind

Snow

concomitant wind

preponderant wind

preponderant snow

concomitant snow
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Managing hazards

• Eliminate the hazard by addressing its 
source

• Avoid the hazard by circumventing 
dangerous situations

• Overcome the hazard by planning for 
monitoring, controls, or alarm systems

• Control the hazard by providing sufficient 
reserves 

• Consciously accept the hazard as 
unavoidable or as a sufficiently small risk 
to be considered within acceptable limits

C
O

ST

R
IS

K
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3. DESIGN PHILOSOPHY
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Main idea

𝑅𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒	 ≥ 	 𝐴𝑐𝑡𝑖𝑜𝑛	𝐸𝑓𝑓𝑒𝑐𝑡𝑠

𝑅	 ≥ 	 𝐸

Example: 𝑀! 	 ≥ 	 𝑀"

Moment capacity Moment demand
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Action effects

Actions

Structure

M

Action effect

Self-weight

𝐺 = Permanent	action	
𝑄 = Variable	action	

Temperature
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Probabilistic approach

• Want:

• Issue: capacity (𝑅) and demand (𝐸) are actually random variables

• Probabilistic statement:

𝑅	 ≥ 	 𝐸

𝑃 𝑅 < 𝐸 	 < 	 acceptable	limit
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Sources of variability

Variability of resistance Variability of action effect 

Uncertainty of actions themselves
• Environmental uncertainty
• Imprecise modelling of actions
• Geometric properties influencing actions

Uncertainty of action effects given actions
• Mechanical behaviour
• Modelling choices
• Material properties influencing action 

effects
• Geometric properties influencing action 

effects

• Imprecise modelling of local 
resistance

• Material properties influencing 
local resistance

• Geometric properties influencing 
local resistance
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Probabilistic approach

Load

Pr
ob

ab
ilit

y 
de

ns
ity

DEMAND
𝐸

CAPACITY
𝑅
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Reliability index 𝜷

• Define limit state function:      𝐺 = 𝑅 − 𝐸

𝐺!

𝜎"

𝐺

𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦	𝑜𝑓	𝑓𝑎𝑖𝑙𝑢𝑟𝑒 = 	𝑝# = 𝑃 𝐺 < 0

𝛽𝜎"

𝑅

𝐸

𝜎$
𝜎%

𝐸!

𝑅!

𝛽𝜎"

Assume 𝐺 is normal:

𝑝# = Φ −𝛽

𝛽 is the number of standard 
deviations separating the 
mean value 𝐺! from the origin
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Reliability index 𝜷

• By properties of Normal random variables:

𝐺 = 𝑅 − 𝐸

𝐺! = 𝑅! − 𝐸!

𝜎"# = 𝜎$# + 𝜎%#

∴ 	 𝛽 =
𝑅! − 𝐸!
𝜎$# + 𝜎%#
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Reliability index 𝜷

Example: Recommended target reliability indices according to fib Model Code 2010 
(1 year reference period):

Limit state 𝛽 𝑝! 1 in …

Serviceability 3.0 0.135% 741

Ultimate – Low consequence 4.1 0.00207% 48 409

Ultimate – Medium consequence 4.7 0.000130% 768 753

Ultimate – High consequence 5.1 0.0000170% 5 888 354



30CIVIL-239: Engineering a sustainable built environment, 2025 December 3rd, 2025     Prof. D. Ruggiero (CONSTRUCT) & Prof. A. Sonta (ETHOS)

Practicality

• Full probabilistic method is hard to use in practice
• We rarely have enough information about the variability to quantify both resistance 

and action effect accurately
• Simplified methods used for “everyday” design

Pr
ec

is
io

n

Complexity, time of calculation

Level of Approximation IV

Level of Approximation III

Level of Approximation II

Level of Approximation I
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4. STRUCTURAL VERIFICATION
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Limit states

• Ultimate limit states (ULS) – Life-safety
– Stability
– Resistance
– Soil/terrain
– Fatigue

• Serviceability limit states (SLS) – Utilization
– Deflection, cracking, comfort, etc.
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ULS Resistance – Deterministic method

• Check limit states using design values 
• Does not explicitly take into account statistical distributions – single values

𝑅! 	 ≥ 	 𝐸!

Design resistance Design action effects

𝐸

𝐸!

𝑅!

𝑅

𝐸& 𝑅&
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Design values

𝐸! = 𝐸 𝐹!, … 	 where	 𝐹! = 𝛾"𝐹# 𝑅! = 𝑅 𝑋!, … 	 where	 𝑋! =
𝜂𝑋#
𝛾$

𝐹 = action 𝑋 = material	property
𝜂 = modi?ication	factor

𝛾 = partial	safety	factor
𝑑 = "Design"
𝑘 = "Characteristic"

𝐹

𝐹! 𝐹'

×𝛾(

𝐹&

𝑋

𝑋!
𝑋'

𝑋&

/𝛾)

Note: this is a bit of a simplification; for certain types of verifications the safety factors are included differently, there are other parameters, etc.
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Characteristic values

• Often represent statistical values

Examples:

 

𝐹

𝐹'

Permanent loads – Given fractile value

Variable loads – Given probability of exceedance (over time span)

𝑡

𝐹

𝑋

𝑋'

Materials – Given fractile value (often 5%)
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Example

Action: distributed load of   𝐹' = 2	kN/m

Material: wood beam with strength of    𝑋' = 15	MPa

Geometry:
Length  𝐿 = 3	m
Section modulus  𝑊 = 5	000	000	mm*

Partial safety factors:
𝛾( = 1.5 
𝛾) = 1.7	 𝜂 = 1.0 

Verify bending moment at support

Design action effect:

𝑀$& =
𝐹&𝐿+

2 =
𝛾(𝐹' Y 𝐿+

2 = 13.5	kNm

Design resistance:

𝑀%& = 𝑊𝑋& = 𝑊 Y
𝑋'
𝛾)

= 17.6	kNm

𝑀%! > 𝑀&!   so resistance is OK!
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Partial safety factors vs. single safety factor

• Why not? Historically a single safety factor was used (“Allowable Stress Design”)

Counterexample:

Short bridge
• Action dominated by live load 

(high variability)
• Safety factor tends to be unconservative

Long bridge 
• Action dominated by dead load 

(low variability)
• Safety factor tends to be overconservative
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Partial safety factors

• Type 2 = resistance check
• Dead load is considered 

with upper and lower 
bounds to find worst case

• Live load may need to be 
patterned to find worst case 
(discussed later)

SIA260 Table 1
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SLS – Serviceability

• Similar to ULS, we compare load effects (e.g. deflection) with a limit value

𝐸!"# ≤ 𝐶!"#

• Different limit states may be 
considered depending on 
specific requirements
(deflection, crack width, 
vibration, etc.)
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SLS limits

• Different serviceability limits need to be checked; e.g. deflection limits below

SIA260 Annex A Table 3 (buildings) SIA260 Annex B Table 7 (road bridges)
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Load combinations

𝑄

𝑄'

×𝛾!

𝑄&

Pe
rm

an
en

t

Fr
eq

ue
nt

R
ar

e

×𝜓!
×𝜓"

×𝜓#

• Turkstra’s rule: check with one preponderant variable load + concomitant variable loads 
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Load combinations

• ULS (permanent and variable)
 𝛾[𝐺\ + 𝛾]^𝑄\^ + ∑𝜓_`𝑄\`

• ULS (accidental)
 𝐺\ + 𝐴a + ∑𝜓b`𝑄\`

• SLS (rare)
 𝐺\ + 𝑄\^ + ∑𝜓_`𝑄\`

• SLS (frequent)
 𝐺\ + 𝜓^^𝑄\^ + ∑𝜓b`𝑄\`

• SLS (quasi-permanent)
 𝐺\ + 𝜓b`𝑄\`

SIA260 Annex A Table 2 (buildings)

SIA260 Annex B Table 6 (road bridges)

Note: prestress load omitted here for simplicity

𝑖 ≥ 2 
(concomitant loads)
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5. ACTIONS
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Generalities

• What follows is not a complete summary – just a taste
• Actions are specified in standard SIA 261

Permanent 𝑮 Variable 𝑸 Accidental 𝑨

Dead Soil

Snow

Wind

ThermalPrestress

Live

Traffic

Seismic

Impact, etc.
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Dead load

• Self-weight of structural materials 
(concrete, steel, timber, etc.) 

• Quasi-permanent non-structural material 
(roofing, partition walls, etc.) sometimes 
called “Superimposed 
Dead Load” (SDL)

• Calculate based 
on mean density 
and nominal 
volume

SIA261 Annex A Table 28

SIA261 Annex A Table 29

SIA261 Annex A Table 30
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Prestress load

• Considered permanent load • Given its own safety factor 𝛾g

=

+
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Soil load

• Usually coordinated with geotechnical engineer
• Effective load depends on weight of soil and friction angle

E. Brühwiler

𝐺	 = Surcharge 
𝐸	 = Lateral	earth	pressure 
𝑊	 = Hydraulic	pressure 
𝑆	 = Soil	settlement 
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Snow load

• Generally a function of altitude
• Snow piling due to wind and shape 

of roof must be considered

𝑞\ = 𝜇` . 𝐶h . 𝐶i . 𝑠\

𝑠\ = 1 +
ℎj
350

b
. 0.4	kPa ≥ 0.9	kPa

ℎj

Roof form factor

Wind exposure factor

Thermal coefficient
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Wind load

• Pressure derives from wind speed

𝑞 = ^
b
. 𝜌 . 𝑣b 

• Dynamic pressure is function of height
𝑞g = 𝑐k . 𝑞g_

𝑞,-

𝑐.
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Wind load

Local effect (e.g., cladding design) Global effect (e.g., structural stability)

𝑄/' = 𝑐& Y 𝑐,/ Y 𝑞, Y 𝐴0/# 𝑄' = 𝑐0/& Y 𝑐& Y 𝑐# Y 𝑞, Y 𝐴0/#
𝑄1' = 𝑐& Y 𝑐,1 Y 𝑞, Y 𝐴0/#

Dynamic factor

Reduction factor for large areas

Example:
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Wind load

• In tall buildings a wind consultant 
usually provides input on design 
forces and pressures, as well as 
vibration criteria 

• Phenomenon of “vortex shedding”

RWDI, Structure Magazine

Wikipedia
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Thermal load

Seasonal variation
Short-term variation (e.g., direct sun)

Nonlinearity (usually ignored)

Expansion joints may be needed in 
monolithic structures
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Live load (buildings)

• Consider distributed and/or point loads

SIA261 Table 8

TGC 10
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Live load (buildings)

• In general, live load should be 
applied where it is least 
favourable (patterning)

Influence diagram for negative moment in middle span

x

Load producing worst case negative moment

• For tall buildings, it is unlikely 
that all floors will be fully loaded; 
the load may be reduced 
according to the area loaded 
(live load reduction)

• Different codes take different 
approaches – SIA261 applies 
𝜓^ to all but 2 floors
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Traffic loads

• Represented by different idealized static load models (including dynamic effects)

• Braking, accelerating,
and centrifugal forces
also to be considered

• Similar for rail loads

Lo
ad

 M
od

el
 1
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Seismic load

• Earthquake is considered an 
accidental action

• Inertial forces from ground 
shaking are transformed into 
equivalent static loads

𝐹&

𝑎2&

𝑎2&

Soil class
Amplification

Building fundamental period of vibration

𝐹& ≅
𝛾# Y 𝑆/ 𝑇 Y 𝑊

𝑞

* Not exactly correct for low and 
high period, see code! 

Importance factor Seismic weight

Behaviour factor (ductility)
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Impact, fire, explosion

• Preventative measures are usually more cost-
effective than designing for very rare hazards
– E.g., install physical bollards to prevent against 

vehicle impact

• Impact – Modelled as a static load applied at 
height of impact

• Fire – Safety ensured by time-based fire rating

• Explosion – Specific considerations where 
required

Wikimedia Commons
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For next class: Exercise on concrete reuse in industry 

• lecture_12_exercise_concrete_reuse_feasibility.pdf
• lecture_12_exercise_plans.pdf
• lecture_12_exercise_calculation_tool.xlsx


