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Romania  -  Greece  Seminar 
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9 :30 – 10 :00 – Welcome coffee
10 :00 – 10 :15 – Opening 

Prof. Loretta Batali – President SRGF 
Prof. Radu Văcăreanu – Rector UTCB, President European Association of 
Earthquake Engineering 
Dr. Michalis Bardanis – President Hellenic Society of Soil Mechanics and 
Foundation Engineering

10:15 – 11 :00 –  Prof. Loretta Batali - Evolution and perspectives in the geotechnical design 
according to the 2nd generation of Eurocode 7

11:00 – 11:45  Prof. Kyriazis Pitilakis - Definition of seismic actions in the revised EC8 and 
implication in the seismic risk assessment

11:45 – 12:30  –  Prof. George Gazetas - Foundation Design and Soil–Structure Interaction in the 
new EC8

12:30 – 13:15  –  Assist. Prof. Giorgos Belokas - Ultimate Limit State Design Analysis of 
Foundations and Representative Strength of Soils in the new EC7 

13:15 – 14:00  –  Lunch break

14:00 – 14:45  –  Prof. Radu Văcăreanu - Probabilistic seismic hazard assessment and calibration 
of elastic design spectra in Romania  

14:45 – 15:30  –  Assoc. Prof. Cristian Arion - Direct and proxy seismic site characterisation in 
Romania

15:30 – 15:45  –  Prof. Alexandru Aldea (UTCB), Florin Pavel (UTCB), Etienne Bertrand 
(Université Gustave Eiffel) - UTCB site response based on 20 years of observation

15:45 – 16:00 –  Eng. Alexandra Ene – Assessment of soils stiffness for small strains by in situ tests 

and correlations for sites in Bucharest 

16:00 – 16:15  –  Assist. Prof. Anabella Coţovanu - Local site conditions in hybrid strong ground 

motion simulation

16:15 – 16:45  –  Discussions and closing
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Evolution and perspectives in the geotechnical 
design according to the 2nd generation of 
Eurocode 7

Prof. Loretta Batali
UTCB

Summary
1. Objectives of the revision of EC7
2. Key changes in the 2nd generation of EC7
3. Guidance documents
4. Further actions
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1. Objectives of the revision of EC7
� Standard suitable for all common design cases without demanding disproportionate effort
� Ease of use: Clear language, same structure in all Eurocodes, 

Avoid alternative rules
No rules of little practical use, no “textbook”

� Harmonization: Common ULS-verifications
� Developments: Numerical Methods

Probabilistic design
New geotechnical structures 
Sustainability (thermo-active geostructures – piles, diaphragm walls)

1. Objectives of the revision of EC7
� Reorganisation

1st generation Eurocode: 

� EN1990      – Basis of structural design  

� EN1997-1  – General rules (for geotechnical design)

� EN1997-2  – Ground investigation and testing

2nd generation Eurocode:

� EN1990      – Basis of structural and geotechnical design

� EC7 Part 1  – General rules 

� EC7 Part 2  – Ground Properties

� EC7 Part 3  – Geotechnical structures

Ground
Properties
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1. Objectives of the revision of EC7
 At present:

EN 1997-1:2024 – Geotechnical design. Part 1: General rules
EN 1997-2:2024 – Geotechnical design. Part 2: Ground properties 
FprEN 1997-3:2024 – Geotechnical design. Part 3: Geotechnical structures

1. Objectives of the revision of EC7
 � New developments

New concepts:

� Rock engineering included everywhere (Soil + Rock = Ground!)

� Geotechnical Category is now combination of Complexity of structure (CC) and Ground (GCC)

� Representative value -  “cautious estimate” and/or “statistical approach

� New Focus for Part 2 – “How do I derive a ground property?” Focus from “Output from Testing” to “Input for 
Design”

� Ground Model and Geotechnical Design Model 
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1. Objectives of the revision of EC7
 � New developments

New technical developments in Part 3:

� Pile groups, piled rafts

� Reinforced fill

� Rock bolts, soil nails

� Ground Improvement techniques: stone columns, grouting, rigid inclusions

� Measures for groundwater control

2. Key changes in the 2nd generation of EC7
 
Toolkit

Geotechnical (and seismical) design

EN 
1998

EN 
1997

EN 
1990

EN 
1998

1997

Where needed
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2. Key changes in the 2nd generation of EC7
 Toolkit - What info in what document?W

EN 1990

•

EN 1997-1 – General 
rules

•

�

EN 1997-2 – Ground 
properties

•

EN 1997-3 – 
Geotechnical 

structures

For each 
geotechnical 

structure
•

�
�

2. Key changes in the 2nd generation of EC7
EN1990 – Basis of structural and geotechnical design
ULS - Partial coefficients for actions and effect-of-actions – verification 
cases VC1 – VC4
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2. Key changes in the 2nd generation of EC7

EN1990 – Basis of structural and geotechnical design

 - VC1 is used both for structural and geotechnical design.
-  VC2 is used for the combined verification of strength and static equilibrium, when the
structure is sensitive to variations in permanent action arising from a single-source. 
VC2(a) or VC2(b), whichever gives the less favourable outcome. 
-  VC3 is typically used for the design of slopes and embankments, spread foundations, and
gravity retaining structures. 
- VC4 is typically used for the design of transversally loaded piles and embedded retaining
walls and (in some countries) gravity retaining structures. 

2. Key changes in the 2nd generation of EC7

Key changes in EN 1997-1
Risk mitigation by using the new Geotechnical Category 
(GC):
Geotechnical category (GC) = Consequence class CC x 
Geotechnical complexity class (GCC)

Consequence 
Class (CC)

Geotechnical Complexity 
Class (GCC)

Lower 
(GCC1)

Normal 
(GCC2)

Higher  
(GCC3)

High (CC3) GC3
Medium (CC2) GC2

Low (CC1) GC1 EN1990 EN1997

(van Seters, 2023)
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2. Key changes in the 2nd generation of EC7
Key changes in EN 1997-1

Representative value of geotechnical parameters - Xrep:

Characteristic value – statistically determined

Nominal value – based on engineering judgement – 
cautious estimate

+ Best-estimate – for prognosis

Representative

Nominal

Characteristic

Best-estimate

Desk study Site 
inspection

Lab 
investigation

Field 
investigation

Monit
oring

Theory, correlation 
or empiricism

Back-
analysis

Derived values

Design value

(van Seters, 2023)

2. Key changes in the 2nd generation of EC7
Key changes in EN 1997-1

Representative value of groundwater pressure:
- long-time records of the groundwater level  - the 
representative value of the groundwater pressure is 
based on: 
     - one single permanent value of the hydrostatic level – 
upper or lower value (the most unfavourable one) 
       - a combination between a permanent value 
(average) and a variable component
If there are not sufficient data – nominal value based 
on cautious estimate

Page 7 of 250



2. Key changes in the 2nd generation of EC7
Key changes in EN 1997-1

Ground model and Geotechnical design model:
- Ground model – output of the geotechnical investigation (part 2)
- Geotechnical design model -  based on ground model, developed during the 
geotechnical design

sign model based on ground model, deve
g

Ground 
model

Geotechnical 
design model

Verification at 
limit states Execution Maintenance

2. Key changes in the 2nd generation of EC7
Key changes in EN 1997-1

Ground model and Geotechnical design model
- Ground model – Geotechnical investigation report
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2. Key changes in the 2nd generation of EC7
Key changes in EN 1997-1

Ground model and Geotechnical design model
- Geotechnical design model – Geotechnical design

Ground 
model  

Geotech
nical 

structure 

Relevant 
limit 

states

Relevant 
design 

situation

Repres. 
values of 
geotech. 
param.

Design 
values of 
geotech. 
param. 

GEOTECH-
NICAL 

DESIGN 
MODEL

2. Key changes in the 2nd 
generation of EC7
Key changes in EN 1997-1

Ground model and Geotechnical design 
model – must be validated
- to demonstrate that using the GDM the required 
reliability level was reached 
- if not, additional data / investigation are needed
- validation offers info regarding the remaining 
uncertainties in GDM that have to be considered 

n 
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2. Key changes in the 2nd generation of EC7
Key changes in EN 1997-1 Verification limit states

•
• Ed < Rd 

• MFA – Material Factor Approach – 
partial factors applied to materials

• RFA – Resistance Factor Approach – 
partial factors applied to 
resistances

••

K h i EN 1997 1 Verif

Prescriptive 
Rules Calculation

Observational 
Method

Testing •

Verification by testing

Verification by prescriptive rules Verification by observational method

Verification by calculation

(Franzen, 2024)

2. Key changes in the 2nd generation of EC7
Key changes in EN 1997-1

Partial factors on ground properties (�M)

Xd = Xrep/(�� x kM)
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2. Key changes in the 2nd generation of EC7
Key changes in EN 1997-1
Verification ULS by using numerical methods: 
- A Input factoring 
 Partial coefficients applied to actions, �F for VC3
 Partial coefficients applied to materials, �M (M2)
 AND Output factoring:
 Partial coefficients applied to effects – of – actions, ��  for VC4
 Partial coefficients applied to materials, �M (M1 = 1,0)
 No partial coefficients applied to resistances

- B ONLY Output factoring:
  Partial coefficients applied to effects – of – actions, ��  for VC4 
 Partial coefficients applied to resistances, �R (EN 1997-3 for each geotechnical structure)
 Partial coefficients applied to materials, �M (M1 = 1,0)

(van Seters, 2023)

Input factoring

Output 
factoring 

Structural
ULS

Geotechnical
ULS

Displacement

γ
m

2. Key changes in the 
2nd generation of EC7
 

EN1997-3 – Geotechnical 
structures

7

a
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2. Key changes in the 2nd generation of EC7
 

EN1997-3 – Geotechnical structures

For each geotechnical 
structure

•

�
�

2. Key changes in the 2nd generation 
of EC7

EN1997-3 – Geotechnical structures –  
Slopes
 - Calculation models for soils/fills and rocks
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2. Key changes in the 2nd generation 
of EC7

EN1997-3 – Geotechnical structures –  
Slopes
 - Calculation models for soils/fills and rocks

2. Key changes in the 2nd generation of EC7

EN1997-3 – Geotechnical structures – Partial coefficients for resistances

Slopes
- only MFA
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2. Key changes in the 2nd generation of EC7

EN1997-3 – Geotechnical structures 

Spread foundations
-Application to:
Pad, strip and raft foundations
Unreinforced working platforms
Load transfer platforms (LTP) over rigid inclusions (partly)
Deep foundations as caissons (behaving as spread foundations)
Gravity retaining walls (partly)

2. Key changes in the 2nd generation of EC7

EN1997-3 – Geotechnical structures – Spread foundations

- general bearing capacity formula in the main text (5.5), with values for the Nc, Nq and N�-
factors in B.4. 
- new depth factor for the bearing capacity (d)
- Specific bearing calculation models are given in B.5 (strong over weak layer), B.6 
(Menard pressuremeter tests) and B.16 (rock).
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2. Key changes in the 2nd generation of EC7

EN1997-3 – Geotechnical structures – Partial coefficients for resistances

Spread foundations

ULS-analysis, both MFA and RFA are 
allowed 

2. Key changes in the 2nd generation 
of EC7

EN1997-3 – Geotechnical structures 

Spread foundations
- SLS-analysis – Guidance on bearing pressures for 
structural analysis
                             - Rigid and flexible foundations
                             - Relative stiffness of a spread  
                                foundation and subgrade modulus
                             - Linear elastic spring stiffness

- limits to the load eccentricity
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2. Key changes in the 2nd generation of EC7

EN1997-3 – Geotechnical structures – Piled foundations 
- extensively revised
- classification (also for partial factors for ULS)
- single piles, pile groups and piled rafts

2. Key changes in the 2nd generation of EC7

EN1997-3 – Geotechnical structures – Piled foundations 
- cyclic and dynamic actions
- effect of ground displacement – downdrag, heave, transverse loading

�n,k �n,kLdd
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2. Key changes in the 2nd generation of EC7

EN1997-3 – Geotechnical structures – Piled foundations 
- Resistance of a single pile (compression, traction, transversal) g p ( p , ,

Prescriptive 
Rules Calculation

Observational 
Method

Testing

YES YES

YES
UNCOMMON

2. Key changes in the 2nd generation of EC7

EN1997-3 – Geotechnical structures – Piled foundations 
- Axial resistance of single piles 
Design by calculation: 2 methods

- Ground Model Method – ground properties determined by laboratory and 
in situ tests (details in C.4 and C.5)
- Model Pile Method -  individual pile resistance profiles determined from 
correlations with field test results – (details in C.6 (CPT) and C.7 
(pressuremeter))
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2. Key changes in the 2nd 
generation of EC7

EN1997-3 – Geotechnical 
structures – Piled foundations
 
- Axial resistance of single piles 
Design by calculation: Model factor

2. Key changes in the 2nd generation of EC7

EN1997-3 – Geotechnical structures – Piled foundations 
- Axial resistance of single piles 
Design by testing: 
- Static pile load tests – ULS and SLS for piles in compression and tension
- Dynamic load tests and rapid load test – ULS for piles in compression
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2. Key changes in the 2nd 
generation of EC7

EN1997-3 – Geotechnical 
structures – Piled foundations
 
- Axial resistance of single piles 
Design by testing:  Model factor 

2. Key changes in the 2nd generation of EC7

EN1997-3 – Geotechnical structures – Piled foundations 
- Resistance of pile groups – numerical, analytical, empirical, observed 
performance
Design of pile groups should consider the effect of:
- Pile – soil interaction
- Pile – pile interaction 

Group of piles in compression and tension
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2. Key changes in the 2nd generation of EC7

EN1997-3 – Geotechnical structures – Piled foundations 
- Piled rafts
To consider effects of:
- pile – soil interaction
- pile – pile interaction
- raft – soil interaction
- pile – raft interaction

2. Key changes in the 2nd 
generation of EC7

EN1997-3 – Geotechnical structures – 

Piled foundations - Partial coefficients 
for resistances
- axial resistance – only RFA allowed
- transverse resistance – both MFA and 
RFA

Calculation - Ground Model Method 
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2. Key changes in the 2nd generation of EC7

EN1997-3 – Geotechnical structures – 

Piled foundations
Partial coefficients for resistances

Calculation Model Pile Method 

2. Key changes in the 2nd generation of EC7

EN1997-3 – Geotechnical structures – 

Piled foundations
Partial coefficients for resistances

Design by testing 
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2. Key changes in the 2nd 
generation of EC7

EN1997-3 – Geotechnical structures – 

Piled foundations
Partial coefficients for resistances

Pile groups and piled rafts 
- vertical resistance – both MFA and 
RFA
- combined axial and transverse 
resistance – only MFA

2. Key changes in the 2nd generation of EC7

EN1997-3 – Geotechnical structures – Piled foundations
SLS
Displacement of piled foundations
- Single piles – settlement and transverse displacement – load tests, 
analytical, numerical, empirical, prescriptive rules
- Pile groups and piled rafts – empirical, analytical, numerical
- Calculation models for single lateral and axial displacement using load 
transfer functions (C.11 and C.12) 
- Calculation model on buckling and second order effects (C.13).
- Annex K, thermoactive geostructure design
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2. Key changes in the 2nd generation of EC7

EN1997-3 – Geotechnical structures – Retaining structures
- Formulae for the determination of earth pressures (active, passive, at-rest) 
are given 
- Calculation models for Basal Heave, Vertical wall stability and Anchor 
length 
- Rules for application of Limit equilibrium models, Beam-on-spring models, 
Numerical continuum models
- Annex K, thermoactive geostructure design 

2. Key changes in the 2nd generation of EC7

EN1997-3 – Geotechnical structures – Partial coefficients for resistances

Retaining structures
Partial coefficients for resistances

- both MFA and RFA allowed
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2. Key changes in the 2nd generation of EC7

EN1997-3 – Geotechnical structures –  Reinforced fill 
structures 
- ULS-design
- tensile strength of the reinforcing element 
- pull-out resistance  
- sliding resistance along the interface between the 
reinforcement and the ground (direct shear)  
- resistance of the connections between facing and 
reinforcing element

NEW

2. Key changes in the 2nd generation of EC7

EN1997-3 – Geotechnical structures – 

Reinforced fill structures 
- partial coefficients for resistances
- both MFA and RFA allowed

NEW
NEW
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2. Key changes in the 2nd generation of EC7

EN1997-3 – Geotechnical structures – 

Soil nailed structures 
- partial coefficients for resistances
- both MFA and RFA allowed

NEW

2. Key changes in the 2nd generation 
of EC7

EN1997-3 – Geotechnical structures – 
Ground improvement
- AI and AII – use the improved ground parameters 
- BI and BII - interaction between the inclusions 
and the surrounding ground and a possible 
supporting structure (e.g. differences in stiffness, 
possibility of buckling of the inclusion) must be 
taken into account. 
- AII and BII – the representative unconfined 
compressive strength is evaluated on the basis of 
samples retrieved from the field

NEW
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2. Key changes in the 2nd 
generation of EC7

EN1997-3 – Geotechnical 
structures – 

Ground improvement
NEW

2. Key changes in the 2nd generation of 
EC7

EN1997-3 – Geotechnical structures – 
Ground improvement - partial coefficients for 
resistances
- both MFA and RFA allowed
- BI and BII – MFA or RFA 
- BII for the improved ground -  a separate 
partial factor �M is applied 
- axial design resistance of rigid inclusions 
(Class BII) is similar to pile groups  

NEW
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3. Guidance documents 

- JRC documents – already 
published – free access

https://eurocodes.jrc.ec.europa.eu/
learning-corner/publications

3. Guidance 
documents 

- JRC 
documents – 
under 
processing 
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3. Guidance 
documents 

- JRC documents – 
under processing 

4. Further actions
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4. Further actions

- Translation EN 1997-1, EN 1997-2
- National Annexes for EN 1997-1, EN 1997-2
- Benchmarking exercise organised by TG B2 – results presented in Paris 
(October 2024) – only few countries participated, and the results showed that 
there is a lack of understanding and a need of future actions both at European 
and national level
- NSB contact group within SC7 – discussing different aspects for the National 
Annexes

4. Further actions

- Joint actions with ISSMGE
- Session at 21st ICSMGE Vienna, 2026 - 12 papers, possible a Workshop  
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4. Further actions

- JRC Online Workshop 
“The Second Generation Eurocodes: key changes and benefits through design 
examples” – 3 – 5 June 2025

4. Further actions

- JRC Online Workshop 
“The Second Generation Eurocodes: key changes and benefits through design 
examples” – 3 – 5 June 2025
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Thank you!
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Definition of seismic actions in the revised EC8 
and implication in the seismic risk assessment

Kyriazis Pitilakis
Professor Emeritus AUTH

• Definition of seismic actions in the revised EC8
• Proposition of the New Seismic Hazard Zones and 

Seismic Actions in Greece 
• Implication in the seismic risk assessment
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Prof. Anastasios Anastasiadis
Dr Evi Riga
Stefania Apostolaki PhD candidate

Definition of seismic actions in the revised EC8
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• Eurocodes classify structures into Consequence 
Classes (CC), depending on the consequences of 
failure or malfunction in terms of loss of human life, 
economic, social or environmental consequences

• Parameters that concern safety are National 
Determined Parameters (NDPs). Default values are 
provided in Eurocode 8

• Eurocode 8 requires that structures are designed in 
such a way that specified Limit States are not 
exceeded under prescribed seismic actions

• For new structures, it is required that, at least, the 
non-exceedance of the Significant Damage (SD) limit 
state be verified

e, 

e 

n 

6

General Concepts

• Eurocodes classify structures into Consequence 
Classes (CC), depending on the consequences of 
failure or malfunction in terms of loss of human life, 
economic, social or environmental consequences

• Parameters that concern safety are National 
Determined Parameters (NDPs). Default values are 
provided in Eurocode 8

• Eurocode 8 requires that structures are designed in 
such a way that specified Limit States are not 
exceeded under prescribed seismic actions

• For new structures, it is required that, at least, the 
non-exceedance of the Significant Damage (SD) limit 
state be verified

7

General Concepts

of 
life, 
es

are 

d in 

he 
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8

General Concepts

The seismic actions are no more defined in terms of  the PGA, 
Instead, it is proposed to use two spectral values  Sα and Sβ at Τα = 0.3sec and Τβ=1.0sec

Seismic hazard: 
Sα,475 και Sβ,475 are given for return period of 475 χρόνων at rock conditions (Vs>800m/s). For 
different return periods magnification factors are provided (equal for all spectral periods) 
according to the Consequence Classes και Limit States 

The soil and site amplification factors Fα και Fβ are intensity and soil depended to account for 
the non-linear behavior of soil deposits. 

Both  Sα,475 και Sβ,475   and Fα και Fβ may be NDP

9

General Concepts
The seismic design cases should be categorised in seismic action classes according to table 
below, depending on the value of the seismic action index Sδ defined by 

• coefficient that depends on the consequence class of the considered structure. The   
values  are given in  EN 1998 according to the consequence classes of each structure

• site amplification factor 
•  topography amplification factor 
• spectral acceleration for rock conditions at low periods for the return period 475 years 
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General Concepts

Consequences classes defined in EN 
1990:2021, 3.1.2.32, and 4.3(1)

• Structures should be regarded as belonging 
to consequence class CC2 if not otherwise 
specified 

• Consequence class CC3 may be divided into 
two subclasses, CC3-a and CC3-b 
depending on the importance of structures 
for public safety and civil protection in the 
immediate post-earthquake period

NOTE: For a given type of structure, guidance for 
classification in CC3-a or CC3-b is given in the 
relevant Part of EN 1998

CC1 

CC2   

CC3-a 

CC3-b 

δ is NDP for each type of structure

General Concepts

In EN1998-1-1 the seismic actions are defined according to the consequence classes of the 
structure and the seismic action class

However, in case of important structures (CC3-a and CC3-b) and despite the NDP values 
which are given, EC8 suggests the performance of site-specific seismic hazard analysis

• Deterministic Seismic Hazard Analysis (DSHA): normally applied when the seismic 
catalogue is poor and there are well-identified active seismic faults affecting directly the 
structure

• Probabilistic Seismic Hazard Analysis (PSHA): quantifies the uncertainties in the 
analysis and develops a range of expected ground motions with their probabilities of 
occurrence
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General Concepts

Design response spectra for various return 
periods

RP is the return period associated to the CC 
and Limit States under consideration

For instance, default value for a CC3-a tunnel 
verified at the Near Collapse (NC) limit state 
the return period RP is 2500 years

in most countries

General Concepts

Sα,ref and Sβ,ref defined for site category A (rock)  for return period Tref = 475y in most EU countries

NDP

NDP

TA TB TC
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0

1

2

3

4

5

6

7

8

0.01 0.1 1 101sec

Sβ

Sα

TC=0,33TB= 0,083TA= 0,02

Sα/2,5

FA

TD=3

NDPs

Improved damping
correction factor
for x ≠ 5%.

Τc=Sβ/Sa

General Concepts

General Concepts

Table 5.2 —  Range of Sα,475 values 
to define seismicity levels 

Approximate S�,ref

S�,ref = fh S�,ref

fh = 0,2 for low and very low seismicity levels 
fh = 0,3 for moderate seismicity levels 
fh = 0,4 for high seismicity levels 
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vs,H = vs,30

vs,H = vs,H800

� H800 is the depth of the seismic bedrock formation identified by Vs at least equal to 800 m/s.

down to 100 m/s for low
seismic action class.

� If the information on H800 and/or Vs,H is not available or it is incomplete, Annex B may be 
used.

Main parameters for soil and site categories: H800 και Vs,H

General Concepts: Soil and site classification

17

Site 
category Description

A Rock or other rock-like geological material, including very shallow layers of very dense, dense or 
medium-dense sand, gravels, very stiff or stiff clay.

B Deposits consisting prevalently of very dense sand, gravel, or very stiff clay, with representative 
values of the geotechnical parameters in the range defined in Table B.2 for stiff ground.

C
Intermediate-depth deposits consisting prevalently of dense or medium-dense sand, gravel or 
stiff clay, with representative values of the geotechnical parameters in the range defined in Table 
B.2 for medium ground.

Table B.1 — Simplified description of site categories 

Test Parameter Ground class
stiff medium soft

SPT N60 (SPT, ER = 60%) [blows/30 
cm] > 60 30-60 15-30

CPT qc – sands (MPa) > 30 15-30 5-15
qc – clays (MPa) > 6 3-6 1,5-3

FVT or lab 
tests

cu (kPa) > 300 150-300 50-150

Table B.2 — Correspondence between ground class and geotechnical parameters 

In case of simplified
description of site 
categories, default 
values of site 
amplification factors
should be used
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General Concepts: Soil and site classification

Site classification using f0

19

Pitilakis K, Riga E, Anastasiadis A (2013). Paolucci, R., Aimar, M., Ciancimino, A. et al. (2021)            
. 

General Concepts: Site amplification factors
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20

Peak Ground 
Displacement

FL is the long period site amplification 
factor 

Peak Ground 
Velocity

General Concepts

21

TBv = 0,05 s

TCV = Sβv / Sαv

Vertical acceleration

General Concepts

Page 42 of 250



General Concepts

Several other clauses dealing with different other aspects of the design ground motion

- Oblication for site specific ground response analysis
- Spatial variability of ground motion
- Fault proximity and crossing
- Selection of time histories 
- Topographic amplification

- Reduced elastic spectrum for the force-based approach

q = qR qS qD

qR  is the behaviour factor component accounting for overstrength due to the redistribution
       of seismic action effects in redundant structures; 
qS   is the behaviour factor component accounting for overstrength due to all other sources;
qD  is the behaviour factor component accounting for the deformation capacity and energy
        dissipation capacity.

23

Alternative proposal for site classification and amplification

�

�

�

�

�

�

�

�

�

(Pitilakis K, Riga E, Anastasiadis A (2013)) 
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�

�

�

�

�

Pitilakis et al. 2013, 2018, 2020

Alternative proposal for site classification and amplification

Site 
class Description HB (m) Vs,H 

(m/s) Τ0 (s) Remarks

A
- Rock 
- Slightly weathered/ segmented rock formations with weathered 
layer of thickness z <5.0 m

≥ 800 ≤ 0.2 For weathered zone: z<5m: 
Vs,av ≥ 300 m/s

B1
- Weathered/soft rock
- Shallow very stiff soil deposits, consisting either of very dense 
sand/gravel or very stiff to hard clay

≤ 30 300-800 0.2 ± 
0.1

Vs,av : 400 - 800 m/s
N-SPT > 50
Su> 150 kPa 

B2

Intermediate depth stiff soil deposits, consisting either of sand or 
clay, whose mechanical properties increase with depth 30 - 60 400-800 0.4 ± 

0.2

Vs,av : 400 - 800 m/s
N-SPT > 50
Su> 150 kPa

C1
Deep stiff soil deposits, consisting either of sand/gravel or clay

> 60 400-800 0.6 ± 
0.2

Vs,av : 400 - 800 m/s
N -SPT> 50
Su > 150 kPa

C2
Intermediate depth soil deposits, consisting of medium dense sand 
and gravel and/or medium stiffness clay (PI > 15, fines > 30%) 20 - 60 150-400 0.5 ± 

0.2

Vs,av: 200 - 500 m/s
N -SPT> 20
150 kPa> Su>70 kPa

Alternative proposal for site classification and amplification
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Site 
class Description HB (m) Vs,H 

(m/s) Τ0 (s) Remarks

C3 Deep soil deposits, consisting of medium dense sand and gravel 
and/or medium stiffness clay > 60 250-400 1.2 ± 

0.5

Vs,av: 300 - 500 m/s
N -SPT> 20
150 kPa> Su >70 kPa

D
Deep soil deposits consisting of soft to medium stiffness clays 
and/or loose sandy to sandy-silt formations with substantial fines 
percentage (potentially non-liquefiable)

> 60 150-250 2.0 ± 
0.8

Vs,av: 200 - 400 m/s
N-SPT < 20
Su < 70 kPa
The dominant soil formations may be 
interrupted by layers of very soft clays 
(Su<25 kPa, W>40%, PI>25) or sands 
and sandy clays of relatively small 
thickness (<10m)

E
Shallow soil deposits, generally classified as type C2 or D 
according to its geotechnical propertied, which overlie type Α 
formations

< 20 150-300 ≤ 0.5

X

Loose fine sandy-silty soils with high water table, potentially liquefiable
Loose granular or soft silty-clayey soils, provided they have been proven to be hazardous in terms of dynamic compaction or loss of 
strength.
Soils near obvious tectonic faults
Steep slopes covered with loose soil deposits
Recent loose landfills 
Soils with a very high percentage in organic material 
Peat and/or highly organic clays (H>3m) and/or very high plasticity clays (H>8m) and /or very thick. soft/medium stiff clays (H>30m)
Loess
Special soils and site conditions requiring site-specific evaluations - not included in types A – E

Alternative proposal for site classification and amplification

27

Site amplification factors

Site class
SsRP (maximum response spectral acceleration at short period on site class A in g)

SsRP<0.25 SsRP=0.25 SsRP=0.5 SsRP=0.75 SsRP =1.0 SsRP ≥1.25
A 1.00 1.00 1.00 1.00 1.00 1.00

B1 1.30 1.30 1.30 1.20 1.20 1.20
B2 1.30 1.30 1.20 1.20 1.20 1.10
C1 1.70 1.70 1.60 1.50 1.50 1.40
C2 1.60 1.50 1.30 1.20 1.10 1.00
C3 1.70 1.60 1.40 1.20 1.20 1.10
D 1.80 1.70 1.50 1.40 1.30 1.20
E 1.70 1.60 1.60 1.50 1.50 1.40
X - - - - - -

Short period site amplification factor Fs
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Site amplification factors

Site class
SsRP (maximum response spectral acceleration at short period on site class A in g)

SsRP<0.25 SsRP=0.25 SsRP=0.5 SsRP=0.75 SsRP =1.0 SsRP ≥1.25
A 1.00 1.00 1.00 1.00 1.00 1.00

B1 1.10 1.10 1.10 1.10 1.10 1.10
B2 1.40 1.40 1.30 1.30 1.30 1.30
C1 1.50 1.50 1.40 1.40 1.40 1.40
C2 2.30 2.20 2.00 1.90 1.90 1.80
C3 2.40 2.30 2.10 2.00 2.00 1.90
D 4.00 3.50 3.00 2.70 2.40 2.30
E 1.20 1.10 1.10 1.10 1.10 1.10
X - - - - - -

Intermediate period site amplification factor F1

Proposition of the New Seismic Hazard Zones 
and Seismic Actions in Greece 
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Pitilakis K, Riga E, Apostolaki S, Danciu L. (2024). Seismic hazard 
zonation map and definition of seismic actions for Greece in the 
context of the ongoing revision of EC8. Bull Earthquake Eng 22, 
3753–3792. https://doi.org/10.1007/s10518-024-01919-8

Pitilakis Κ, Riga Ε, Anastasiadis Α (2020) Towards the revision of 
EC8: Proposal for an alternative site classification scheme and 
associated intensity dependent amplification factors. In: 17th 
World Conference on Earthquake Engineering, Sendai, Japan 13–
18 Sep 2020.
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Proposition of the New Seismic Hazard Zones 
and Seismic Actions in Greece 

31

Informative Annex contains small-scale maps of Sa,475 and Sβ,475 values 

NOTE:  The seismic hazard maps issued from deliverable of ESHM20 research project, which 
received funding from the EU Horizon 2020 research and innovation program, in order to provide 
updated and homogeneous information on the seismic hazard in Europe. 

EC8 Part1 Annex A : informative  
European seismic hazard maps
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ESHM20 
Spectral acceleration maps (T=475y) for rock conditions

European Seismic Hazard Model (ESHM20)

EPICA: the European PreInstrumental 
earthquake CAtalogue: Historical 
Earthquake Catalogue (1000-1899)
Rovida and Antonucci, 2021

• contains 5703 earthquakes with either 
maximum observed intensity≥5 or 
Mw≥4.0, for the period 1000-1899. 

Main Input Datasets

Rovida A., Antonucci A. (2021). EPICA - European 
PreInstrumental Earthquake CAtalogue, version 1.1. 
Istituto Nazionale di Geofisica e Vulcanologia 
(INGV).Dataset. https://doi.org/10.13127/epica.1.1
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European Seismic Hazard Model (ESHM20)

Main Input Datasets

EMEC: the instrumental European-
Mediterranean Earthquake Catalogue

• contains 55,732 events with Mw ≥ 3.5 in 
the period 1900 to the end of 2014

Danciu L., Nandan S., Reyes C., Basili R., Weatherill G., 
Beauval C., Rovida A., Vilanova S., Sesetyan K., Bard P-Y., 
Cotton F., Wiemer S., Giardini D. (2021) - The 2020 update 
of the European Seismic Hazard Model: Model Overview. 
EFEHR Technical Report 001, v1.0.0, 
https://doi.org/10.12686/a15. 

S. Lammers, G. Grünthal, G. Wheatherill, F. Cotton 
GFZ Seismic Hazard and Risk Dynamics 

European Seismic Hazard Model (ESHM20)

Main Input Datasets

European Fault-Source Model 2020 (EFSM20)

• An update of the European Database of 
Seismogenic Faults 2013 (EDSF13; Basili et 
al., 2013)

• two main categories of seismogenic faults 
are considered: 1) crustal faults; and 2) 
subduction zones

Danciu L., Nandan S., Reyes C., Basili R., Weatherill 
G., Beauval C., Rovida A., Vilanova S., Sesetyan K., 
Bard P-Y., Cotton F., Wiemer S., Giardini D. (2021) - 
The 2020 update of the European Seismic Hazard 
Model: Model Overview. EFEHR Technical Report 
001, v1.0.0, https://doi.org/10.12686/a15. 
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European Seismic Hazard Model (ESHM20) in the revision of EC8

� The European Seismic Hazard Model ESHM20 (Danciu et al., 2021) was released, in 2021 
developed within the EU funded project “Seismology and Earthquake Engineering Research 
Infrastructure Alliance for Europe" (SERA). 

� It is an update of the previous ESHM13 (Woessner et al., 2013), proposed in the framework 
of SHARE project (Giardini et al.,2013)

� It has been built upon recently compiled and fully cross-border harmonized datasets (i.e., 
earthquake catalogues, active faults, ground shaking recordings), information (tectonic 
and geological) and models (seismogenic sources, ground shaking).

� The source data, input models and output of ESHM20 are online available at the portal of 
the European Facilities for Earthquake Hazard and Risk (www.hazard.EFEHR.org)

� Thanks to the interaction of ESHM20 with CEN/TC250/SC8, where our team in AUTH was 
strongly involved, ESHM20 additionally delivered maps of the two seismic hazard 
parameters of Revised EC8 for T=475 years, Sα,475 and Sβ,475

� Sα,475 and Sβ,475 maps are derived from ESHM20 median uniform hazard spectra (UHS) 
obtained across Europe T=475 years 

� Sβ,475 is directly the UHS value for a 
spectral period of 1 s. 

� Sα,475 is calculated as the average 
spectral value over the range of 
periods between 0.5Tp and 1.5Tp

European Seismic Hazard Model (ESHM20) in the revision of EC8
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European Seismic Hazard Model (ESHM20) in the revision of EC8

Seismic hazard results of ESHM20 are provided at a grid covering the whole Europe and 
Turkey, and include: 

� hazard curves (5th, 16th, 50th, 84th and 95th percentiles) for specified IMs
� Uniform Hazard Spectra (UHS) (5th, 16th, 50th, 84th and 95th percentiles) for five mean 

return periods Tm (i.e., 50, 475, 975, 2500 and 5000 years).
� hazard maps for all intensity measure types and all return periods
� the two seismic hazard parameters for T=475 years, used in the revised Eurocode 8 

to anchor the horizontal elastic response spectra for rock conditions, Sα,475 and Sβ,475 
(interaction with CEN/TC250/SC8 for the development of the revised Eurocode 8) 

ESHM20 seismogenic sources

The main seismogenic source model consists of four distinct source models:
� The area sources model is assumed to be the pan-European consensus model, 

incorporating the national area sources provided by local experts and fully cross-border 
harmonization.

� Active faults and background smoothed seismicity, a hybrid seismicity model that 
combines the updated active faults datasets with the background seismicity in regions where 
faults are identified. 

� Subduction sources depicting both the subduction interface and in-slab of the Hellenic, 
Cyprian, Calabrian and Gibraltar Arcs.

� Non-subducting deep seismicity sources describe the nested seismicity with depth in 
Vrancea, Romania, and the cluster of deep seismicity in the southern Iberia Peninsula.
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ESHM20 input datasets for Greece

Epicenters and magnitudes of 
earthquakes included in the ESHM20 
unified earthquake catalogue for Greece
(Grünthal and Wahlström, 2012; Rovida
and Antonucci, 2021; Danciu et al., 2021). 

ESHM20 seismogenic sources

Area sources of ESHM20 for 
Greece
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ESHM20 input datasets for Greece

Active Faults and subduction zones 
database (EFSM20, Basili et al., 2020)

median Sα,475  for Greece (rock) median Sβ,475 for Greece (rock) 

Application of ESHM20 in Greece according to the revision of EC8
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Median Sα,475  for Greece using Jenks classification method

only terrestrial grid points terrestrial and offshore grid points

Application of ESHM20 in Greece according to the revision of EC8

Applying ESHM20 to propose a new seismic hazard map for Greece (1/4)

� Three-seismic zones map using the Sα,475 parameter 
and Natural Breaks (Jenks 1967) algorithm

� Average Sα,475 /2.5 values of the grid points within each 
zone, PGAzone

� Sα,475/2.5 values for all terrestrial ESHM20 grid points 
in Greece, PGApoint

� (PGAzone-PGApoint)/PGApoint ratio for all grid points as a 
measure of the deviation between PGAzone and PGApoint

3 Zones

Zone PGAzone (g)
1 0.15  0.03
2 0.24  0.03
3 0.33  0.04

From grid points to zones
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Negative ratio values � the zonation 
underestimates PGA with respect to 
ESHM20 grid output

Positive ratio values � the zonation 
overestimates PGA with respect to 
ESHM20 grid output

Applying ESHM20 to propose a new seismic hazard map for Greece (2/4)

3 Zones

Applying ESHM20 to propose a new seismic hazard map for Greece (3/4)

� For the 63 major cities in Greece, maximum 
allowable thresholds are applied to the (PGAzone-
PGApoint)/PGApoint ratio based on population criteria

� For the three-zone map, criteria are not met for some 
cities, so the number of zones ncreased and the 
process is iterated. 

� Iterative process concluded with a seismic hazard 
zonation map consisting of 5 zones

Population class Threshold values for 
(PGAzone-

PGApoint)/PGApoint

≤ 100,000 ± 20%
100,000 – 500,000 ± 15%

≥ 500,000 – 1,000,000 ± 10%

3 Zones
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Applying ESHM20 to propose a new seismic hazard map for Greece (4/4)

48

3 zones 4 zones 5 zones

-29% -19%

Proposed ground shaking zonation for Greece (Rock conditions)

� Further smoothing of the zone borders so that 
they do not cross large urban areas 

� Harmonization of specific areas belonging in 
the same administrative units

� Same map for Sα,475 and Sβ,475
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1 2 3 4 5

A 1 1 1 1 1

B1 1.3 1.3 1.3 1.2 1.2

B2 1.3 1.2 1.2 1.2 1.2

C1 1.7 1.6 1.6 1.5 1.5

C2 1.5 1.3 1.3 1.2 1.1

C3 1.5 1.4 1.3 1.2 1.2

D 1.6 1.5 1.5 1.4 1.3

E 1.6 1.6 1.6 1.5 1.5

1 2 3 4 5

A 1 1 1 1 1

B1 1.1 1.1 1.1 1.1 1.1

B2 1.4 1.3 1.3 1.3 1.3

C1 1.5 1.4 1.4 1.4 1.4

C2 2.1 2.0 2.0 1.9 1.9

C3 2.2 2.1 2.1 2.0 2.0

D 3.4 3.1 2.9 2.7 2.5

E 1.1 1.1 1.1 1.1 1.1

Seismic 
Zone

Sα,475 
(g)

Sβ,475 
(g)

Zone 1 0.32 0.13
Zone 2 0.47 0.15
Zone 3 0.58 0.18
Zone 4 0.73 0.25
Zone 5 0.93 0.34

Fα 

Fβ 

Intensity-dependent soil amplification factors

based on Pitilakis et al. (2020) site categorization and 
proposed amplification factors

Implication in the seismic risk assessment
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Exposure

53

Number of residential buildings

3,197,330 residential buildings
classified to 161 taxonomies

ΔΗΜΟΣ ΑΘΗΝΑΙΩΝ 50,826
ΔΗΜΟΣ ΛΕΣΒΟΥ 49,944
ΔΗΜΟΣ ΚΕΡΚΥΡΑΣ 49,586
ΔΗΜΟΣ ΠΑΤΡΕΩΝ 44,692
ΔΗΜΟΣ ΒΟΛΟΥ 40,463
ΔΗΜΟΣ ΗΡΑΚΛΕΙΟΥ 38,460
ΔΗΜΟΣ ΡΟΔΟΥ 36,547
ΔΗΜΟΣ ΣΑΛΑΜΙΝΟΣ 29,962
ΔΗΜΟΣ ΑΓΡΙΝΙΟΥ 28,884
ΔΗΜΟΣ ΧΑΛΚΙΔΕΩΝ 28,880
ΔΗΜΟΣ ΧΑΝΙΩΝ 28,612
ΔΗΜΟΣ ΝΕΑΣ ΠΡΟΠΟΝΤΙΔΑΣ 26,721
ΔΗΜΟΣ ΧΙΟΥ 26,392
ΔΗΜΟΣ ΛΑΡΙΣΑΙΩΝ 26,000
ΔΗΜΟΣ ΠΕΡΙΣΤΕΡΙΟΥ 24,674
ΔΗΜΟΣ ΑΙΓΙΑΛΕΙΑΣ 24,290
ΔΗΜΟΣ ΙΩΑΝΝΙΤΩΝ 23,321
ΔΗΜΟΣ ΚΑΤΕΡΙΝΗΣ 22,316
ΔΗΜΟΣ ΩΡΩΠΟΥ 22,262
ΔΗΜΟΣ ΠΕΙΡΑΙΩΣ 21,723
ΔΗΜΟΣ ΑΧΑΡΝΩΝ 21,487

ΔΗΜΟΣ ΘΕΣΣΑΛΟΝΙΚΗΣ 21,402
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Number of residential buildings per main construction material

Residential buildings 
per main construction material

55

Number of residential buildings per code level

Residential buildings 
per construction period/ code level
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Number of residential buildings per height

Residential buildings 
per number of storeys/ height

57

Replacement cost

Number of 
storeys

Slab area 
(m2)

H1 90
H2 90
H3 300
H4 300
H5 300
H6 300
H7 300
H8 300
H9 300

1258 billion €

€/m2 for Athens, Thessaloniki
1200 €/ m2 for the rest municipalities

Athens � 86.07 billion €
Thessaloniki �       40,88 billion €
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Seismic hazard – RP = 475y

59

Scenario-type analyses for 475y return period

� Three scenarios for the seismic demand (PGA, Sa-0.3s, Sa-0.6s, Sa-1.0s):

� Current Greek Seismic Code (EAK2003):

- PGA values of the zonation map in force

- No site amplification factor

� Current EC8: 

- PGA for rock conditions obtained from the zonation map in force (adopted by the Greek NA)

- Site amplification factors of current EC8 for Type 1 seismicity.

� Proposal for the Greek National Annex of revised EC8 (NA2023): 

- Sα,475 and Sβ,475 parameters for rock conditions for the five zones of the new map 

- Intensity-dependent site amplification factors Fα and Fβ for the five zones of the new map
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Seismic hazard at rock 

Seismic Zone PGA475y (g) Sα,475 (g) Sβ,475 (g)
Zone 1 0.13 0.32 0.13
Zone 2 0.19 0.47 0.15
Zone 3 0.23 0.58 0.18
Zone 4 0.29 0.73 0.25
Zone5 0.37 0.93 0.34

NA2023
EAK2003, EC8

Vs30 inferred from GEBCO 
topography/bathymetry using the 
Wald and Allen (2007) correlation 
approach (Weatherill et al., 2020)

61

Modelling site conditions at European scale
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Local site conditions

Topographical slope (ESRM20) (*) Vs30 model from slope

(*) plus geology

63

Soil categorization

EAK2003, EC8 NA2023 (Pitilakis et al., 2020) 
assuming intermediate depth 
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Ground motion fields at surface – EAK2003 (RP = 475y)

No extra site 
amplification 
factor

65

Ground motion fields at surface – EC8 (RP = 475y)
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Ground motion fields – NA2023 (RP = 475y)

67

European Seismic Risk Model (ESRM20)

European Exposure Model

Crowley H., Dabbeek J., Despotaki V., Rodrigues D., Martins L., Silva V., Romão, X., Pereira N., Weatherill G. and Danciu L. (2021) European Seismic 
Risk Model (ESRM20), EFEHR Technical Report 002, V1.0.0, 84 pp, https://doi.org/10.7414/EUC-EFEHR-TR002-ESRM20

Residential Commercial
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European Seismic Risk Model (ESRM20)

Crowley H., Dabbeek J., Despotaki V., Rodrigues D., Martins L., Silva V., Romão, X., Pereira N., Weatherill G. and Danciu L. (2021) European Seismic 
Risk Model (ESRM20), EFEHR Technical Report 002, V1.0.0, 84 pp, https://doi.org/10.7414/EUC-EFEHR-TR002-ESRM20

Average annual 
economic loss 
(M-EUR) 

Risk outputs

Average annual 
loss of life 

Exposure model for the building stock of Greece

Attribute Element Code Level 1 Value Element Code Level 2 Value

Material

CR Concrete, reinforced

MUR Masonry, unreinforced

CL99 Fired clay unit, unknown type
CB99 Concrete blocks, unknown type

STDRE Stone
S Steel
W Wood

Lateral load-
resisting system 
(LLRS)

LFM Moment frame
LFINF Infilled frame
LWAL Walls and frames where the walls, due to their substantial lengths, resist the vast majority of the 

lateral load
LDUAL Moment frames and shear walls acting together to resist seismic effects

Ductility Level – 
Seismic Code 
Level

DNO or CDN Non-ductile (Period of construction: before 1959)
DUCL or CDL Ductile, low (Period of construction: 1960-1985)
DUCM or CDM Ductile, medium (Period of construction: 1986-1995)
DUCH or CDH Ductile, high (Period of construction: 1996-present)

Height H Exact number of storeys above ground

Lateral Force 
Coefficient

Number 
expressed in %

The value of the lateral force coefficient, i.e. the fraction of the weight that was specified as the 
design lateral force in the seismic design code (Applied to reinforced concrete moment and infilled 
frames only) 

GED4ALL Building Taxonomy scheme (Silva et al., 2022)
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Vulnerability curves by Martins and Silva (2020)

Loss ratio and economic losses

Vulnerability curves

Important source 
of uncertainties!

Estimated damages - RP = 475y
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Results of the scenario damage analyses - RP = 475y

Seismic hazard No damage Slight Moderate Extensive Complete
EAK2003 1,833,460 1,053,690 204,615 61,009 44,557

EC8 1,626,720 1,144,510 262,992 87,947 75,161
NA2023 1,406,820 1,186,690 330,028 130,535 143,263

57.3%
33.0%

6.4% 1.9% 1.4%

EAK2003

50.9%
35.8%

8.2%
2.8% 2.4%

EC8 NA2023

44.0%

37.1%

10.3%

4.1% 4.5%

Number of buildings in each Damage State

73

Results of the scenario damage analysis with EAK2003 - RP = 475y

Percentage of buildings with 
extensive or complete damage (%)

Athens � 1.5%
Thessaloniki �       1.6%
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Results of the scenario damage analysis with EC8 - RP = 475y

Percentage of buildings with 
extensive or complete damage (%)

Athens � 1.8%
Thessaloniki �       1.8%

75

Results of the scenario damage analysis with NA2023 - RP = 475y

Percentage of buildings with 
extensive or complete damage (%)

Athens � 1.6%
Thessaloniki �       2.7%
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Economic losses and loss ratio – RP = 475y

77

Results of the scenario risk analyses - RP = 475y

Seismic hazard Economic losses Loss ratio
EAK2003 73.19 billion € 0.0582
EC8 88.64 billion € 0.0704
NA2023 108.45 billion € 0.0862
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Economic losses from the scenario risk analysis with EAK2003 - RP = 475y

Economic losses (million €):

Athens � 5295 million €
Thessaloniki �       2564.3 million €

79

Economic losses from the scenario risk analysis with EC8 - RP = 475y

Athens � 5473.1 million €
Thessaloniki �       2623.3 million €

Economic losses (million €):
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Economic losses from the scenario risk analysis with NA2023 - RP = 475y

Athens �  4973.1 million €
Thessaloniki �        2724.7 million €

Economic losses (million €):

81

Loss ratio from the scenario risk analysis with EAK2003 - RP = 475y

Loss ratio values:

Athens � 0.062
Thessaloniki �       0.062
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Loss ratio from the scenario risk analysis with EC8 - RP = 475y

Loss ratio values:

Athens � 0.057
Thessaloniki �       0.060

83

Loss ratio from the scenario risk analysis with NA2023 - RP = 475y

Loss ratio values:

Athens � 0.051
Thessaloniki �       0.066
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Multumesc

                       Ευχαριστώ

                                                   Thank you
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in  the new EC8-5

George Gazetas
• G. Gazetas  [.ntua.gr/]

G. Gazetas  [http://www.civil.ntua.gr/gazetas/  or  http://ssi.civil.ntua.gr/]

A. The mechanics of Soil–Foundation–Structure Interaction (SFSI)
      Physics, Methods of analysis, Typical Results

B.  SFSI  ( ): Chapter 8, Annex D

• Kinematic and Inertia Response
• Force-based versus Displacement-based Methods
• Rules and Simplifications

C.  Foundation System  ( ): Chapter 9, Annex E 

• Shallow, Embedded, Deep Foundations
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INERTIAL  RESPONSE

Common (Conventional)  Approach:

Inertial  Forces and Soil–Foundation Compliance
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βSSI β

ΤSSI
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x, R, β :  
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k = k(ω)
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TRANSLATIONAL

STIFFNESSES

ROTATIONAL  

STIFFNESSES
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IS =  P E R I O D   T  ( s )

Page 94 of 250



T

 ( )
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Ohba–Ohashi  Bridge, Japan: Strain Gauges in two piles in Pier 6

L = 22 m

64 piles 
(32 battered,      
32 vertical)
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p i l e  h e a d

(soft-stiff soil interface)

(2/3  depth)

1 / 3   d e p t h (full depth of  soil)
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ggood  performance  of  theory !
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METHODS    offof  f  ANALYSIS
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m

Winkler-springs methods 

DBA modelling 
example
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Uff
free-field 
motion

Up 
pile motion

Layer 1

Layer i

k  (z)i

c  (z)i

vertical  shear  waves

V1 , �1 , �1

Vi , �i , �i

B.  SFSI  ( ): Chapter 8, Annex D

• Force-based versus Displacement-based Methods
• Kinematic and Inertia Response
• Rules and Simplifications

??
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, u ,  , u , 

u u

,  , , , 

(1)  

•

•

(2) .

(3) 

NOTE 1  Acceptable displacements agreed for a project by relevant parties.
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5.2  Seismic  action
 Horizontal ground acceleration are defined as

H  =  Η g  =  χΗ
χΗ 1.25   3  

( )

       

                          χΗ = 1     ( )

�H
1,25 1,5 1,75 2,00

permanent 
displacements (mm)

8.1   General requirements

(1)  The analysis of seismic SSI effects should consider two effects: 

     b) 
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L or B > 50 m 
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EP ES  ≤  (LP 1,5 d)4      LP  ≥ 

p

“ ”
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L
L

Lp   

d *

p

(1) S

x, y, z
rx, ry, rz , 

(3)   
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8.2.1    

(1)  The effect of damping due to SSI should be neglected in FBA.

(2)  

20 %

vs > 600
 

8.2.2    Displacement–based approach

8.2.2.1   Nonlinear static analysis

(1)   In non-linear static analysis …. translational and rotational inelastic springs 

may be used. 

….

The e possibility of uplift on the tension side e of the foundationn, n, as well as of 

slippage at the ground-foundationon n contact surface, may be included in the model.
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8.2.2.2    Time history analyses

(2)  A frequency-independent stiffness value may be assigned to each spring, 
corresponding to the period of the fundamental mode, accounting for SSI in the 
considered direction.
  

NOTE  Radiation damping is strongly affected by ground layering. Solutions for a 

homogeneous elastic half-space result in unrealistically large values of damping. 

ρv J
C c

ν
��

�

1 T

H

Dimensionless frequency
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8.4   Combination of inertial and kinematic effects for internal forces

(1)   If inertial and kinematic effects are evaluated separately, the forces in the 

foundation elements from the two analyses may be combined according to 

either a) or b):

a) when the frequency of the mode contributing most to the SSI response 

differs by more than 15% from the fundamental frequency of the soil deposit, 

the action effects are combined with SRSS rule (square root of the sum of the 

squares)

b)  when the condition in a) is not satisfied, the absolute values of the action 

effects of the two analyses are summed up.

Page 111 of 250



Chapter 9.   Foundation system

in the new EC8

•

•

•

Annex E  

(Sa q)

q

1,25 q
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Sliding verification:

FBA

DBA (non-linear)
•  Sliding accepted at SD or NC

       (If acceptable for the superstructure and lifelines)

•  = 1

•  Full passive resistance

FBA
�Combination of NEd, VEd, MEd

Annex E   Interaction Surface 
                 (or Failure Envelope) 

Q

M

N
V

FX

B

M V, N:
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0.05

(MN ; Q)

           0.5                            1  

0.1

0.15

V Vuo
0

0.04
0.08

Mult

Nuo B 

Nuo

•

• 1/3
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:

9.5.3  Methods of analysis
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Rion–Antirrion  Bridge

85 m

230 m
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( )
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Rion–Antirrion  Bridge
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85 m

230 m
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kc

P = Pw + P(t)

Ep , Ip,  mp

θeH VHue

ug ue

80 m

170 m

CG

θe
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HHow on earth does the foundation
meet EN 1990 and EN 1997 

reliability criteria?

I skimped a little on the foundation, 
but no one will ever know

(ASCE, 1962)
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• normal distribution
• 95% confidence level
• infinite degrees of freedom

• Student’s t distribution
• 95% confidence level 
• n-1 degrees of freedom

� � ��

��
�� ��

� � � �� m

� � � �� m

•
•
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q
p p

kF = 1.1
kΜ = 1.1 

kR = n/a R

q
p p
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(based on Kovaiou & Belokas, 2023)
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γΜ  γΜ,calc
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•
•

analysis by I. Ntaliakouras

•
•
•
•

analysis by I. Ntaliakouras
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THANK YOU!

HHow on earth does the foundation
meet EN 1990 and EN 1997 

reliability criteria?

I skimped a little on the foundation, 
but no one will ever know

(ASCE, 1962)
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Seismic hazard assessment for 
calibration of seismic action in 
P100-1/2025 draft design code

Radu Văcăreanu, Alexandru Aldea, Cristian Arion, Florin Pavel
Technical University of Civil Engineering of Bucharest

1st Romania – Greece Seminar on Earthquake & Geotechnical Engineering

www.utcb.ro
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Global Seismic Hazard Map – GSHAP
https://www.gfz-potsdam.de/en/GSHAP/ 

www.utcb.ro European Seismic Hazard Map – ESHM20
http://hazard.efehr.org/en/hazard-data-access/hazard-maps/
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• According to Munich Re (2016), earthquakes have caused average 

annual losses of $34.7 billion. 

• The most expensive earthquakes were those in Japan in 2011 

(Tohoku) and 1995 (Kobe), with losses of $210 billion and $100 

billion, respectively. 

• Earthquakes in Guatemala (1976), Nicaragua (1972), El Salvador 

(1986), and Haiti (2010) resulted in economic losses of 98%, 82%, 

40%, and 120% of each country's GDP, respectively (Daniell et al., 

2011).

Total and insured seismic losses  - 1980-2017 (Silva et al., 2019)

Italia SUAArmenia

SUA

Japonia

Turcia Indonezia

China

NZ

Japonia

Italia

Page 153 of 250



• If we refer to the 20th century and the intermediate-depth seismic 

source in Vrancea, the most powerful seismic events are those of 

November 10, 1940 (Mw 7.7) and March 4, 1977 (Mw 7.4).

• During the earthquake on November 10, 1940, 593 people lost 

their lives (140 of them in Bucharest), and over 60,000 homes 

were destroyed or heavily damaged (Georgescu & Pomonis, 2012).

• The earthquake on March 4, 1977, although it had a lower 

magnitude than the one in 1940, caused much more dramatic 

effects, both in Bucharest and throughout the country.

Major Earthquakes in Romania in the 20th Century

www.utcb.ro

Macroseismic intensities MSK

November 10, 1940, Mw=7,7, h=150 km

Major Earthquakes in Romania in the 20th Century
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www.utcb.ro

Carlton Building (l’Illustration, 1940)

Major Earthquakes in Romania in the 20th Century
November 10, 1940, Mw=7,7, h=150 km

www.utcb.ro https://www.monitoruldevrancea.ro/

November 10, 1940, Mw=7,7, h=150 km

Major Earthquakes in Romania in the 20th Century
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www.utcb.ro

Macroseismic intensities MSK

March 4, 1977, Mw=7,4, h=94 km

Major Earthquakes in Romania in the 20th Century

www.utcb.ro

• 1,578 deaths (1,424 in Bucharest)

• 11,221 injured (7,598 in Bucharest)

• 32 collapsed buildings in Bucharest

• 33,000 homes destroyed or severely damaged

• Total losses: $2.05 billion (over 6% of 1977 Romania GDP)

Major Earthquakes in Romania in the 20th Century
March 4, 1977, Mw=7,4, h=94 km
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www.utcb.ro

Major Earthquakes in Romania in the 20th Century
March 4, 1977, Mw=7,4, h=94 km

www.utcb.ro

Major Earthquakes in Romania in the 20th Century
March 4, 1977, Mw=7,4, h=94 km
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www.utcb.ro

Digitization of motion (left), response spectrum of absolute accelerations 
(centre), and normalized response spectrum of absolute accelerations (right) –

blue – recorded values; red – values as of P13-70 seismic regulation

Major Earthquakes in Romania in the 20th Century
March 4, 1977, Mw=7,4, h=94 km

Seismic zonation– P100/78/81 design code

www.utcb.ro Macroseismic intensities MSK
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Seismic zonation – P100/92 design code

www.utcb.ro
Seismic zonation of Romania (PGA values with 63% 
exceedance probability in 50 years– MRP=50 years)

Seismic zonation – P100-1/2006 design code

www.utcb.ro
Seismic zonation of Romania (PGA values with 39% 

exceedance probability in 50 years– MRP=100 years)
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Seismic zonation – P100-1/2013 design code

www.utcb.ro
Seismic zonation of Romania (PGA values with 20% 

exceedance probability in 50 years– MRP=225 years)

Site Conditions in Seismic Design Codes

www.utcb.ro
Elastic response spectra
(Țițaru & Cișmigiu, 1960)

•

•
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www.utcb.ro

Normalized elastic response spectra in P100/78/81 (left, valid for 
the whole territory of Romania) and P100/92 (right)

Site Conditions in Seismic Design Codes

www.utcb.ro Zoning of the corner period Tc in P100/92

Site Conditions in Seismic Design Codes
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www.utcb.ro Zoning of the corner period Tc in P100-1/2006

Site Conditions in Seismic Design Codes

www.utcb.ro Zoning of the corner period Tc in P100-1/2013

Site Conditions in Seismic Design Codes
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www.utcb.ro

Evolution of normalized response spectra for Bucharest (1963–2013)

Site Conditions in Seismic Design Codes

PSHA – Seismicity analysis

www.utcb.ro

• PSHA for Romanian territory - BIGSEES (2012 – 2016) și RO-

RISK (2016)

• Revised seismicity analysis (shallow sources + Vrancea 

intermediate depth); develop two new GMPEs (Văcăreanu et al. 

2015, 2016) for Vrancea intermediate depth source for spectral 

ordinates SA(T) and macroseismic intensities IMSK; testing 

GMPES; random and epistemic variability accounted for.
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www.utcb.ro

Seismic sources considered in PSHA

PSHA – Seismicity analysis

www.utcb.ro

Epicentres of intermediate depth earthquakes considered in PSHA

PSHA – Seismicity analysis
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www.utcb.ro

PSHA – Seismicity analysis

Epicentres of shallow earthquakes considered in PSHA

www.utcb.ro

PSHA – Seismicity analysis
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www.utcb.ro
Gutenberg-Richter magnitude-frequency relations

PSHA – Seismicity analysis

www.utcb.ro

Epicentres of earthquakes and seismic stations with records for 
development and testing GMPEs for Vrancea intermediate source

PSHA - GMPEs
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www.utcb.ro

• Accelerometric database for the development and testing of 

GMPEs for intermediate-depth Vrancea earthquakes – 704 

accelerograms, of which 344 represent ground motions 

generated by Vrancea intermediate seismic source; the 

remainder consists of accelerograms recorded in Japan, New 

Zealand, Mexico, Chile, India, Martinique, and Peru during 

intermediate-depth earthquakes.

PSHA - GMPEs

www.utcb.ro

Structure of accelerometric database for testing GMPEs
for Vrancea intermediate depth source

PSHA - GMPEs
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PSHA - GMPEs

Epicentres of earthquakes and seismic stations with records for  
testing GMPEs for shallow sources

www.utcb.ro

� GMPEs employed in PSHA – VEA15a (Văcăreanu et al. 
2015a), BCH15 (Abrahamson et al. 2015), YEA97 (Youngs et 
al. 1997), AB03 (Atkinson și Boore, 2003), CF08 (Cauzzi și 
Faccioli, 2008), AEA05 (Ambraseys et  al. 2005) and AB10 
(Akkar și Bommer, 2010)

Vrancea fore-arc Vrancea back-arc Crustal 

Relație de 
atenuare 

Pondere 
Relație de 
atenuare 

Pondere 
Relație de 
atenuare 

Pondere 

VEA15a 0.40 VEA15a 0.40 CF08 0.40 

BCH15 0.30 BCH15 0.40 AEA05 0.40 

YEA97 0.30 AB03 0.20 AB10 0.20 

PSHA - GMPEs
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PSHA - GMPEs

www.utcb.ro

Comparison of observed vs. analytical values (68% confidence bounds) – 
Vrancea intermediate depth earthquake, October 27 2004, MW = 6

PSHA - GMPEs
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www.utcb.ro

Vs,30 (m/s) (national and USGS proxy data)

PSHA – site conditions

www.utcb.ro

Logic tree used 
in PSHA for 

Romania 

PSHA – epistemic uncertainties
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www.utcb.ro PGA values with 10% exceedance probability in 50 years

PSHA – results

www.utcb.ro SA(T=0,2s) values with 10% exceedance probability in 50 years

PSHA – results
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www.utcb.ro

Seismic hazard curve for Bucharest
PGA values (cm/s2) 

10%/50, MRP=475 years

20%/50, MRP=225 years

Seismic hazard curves for ten most 
populous cities in Romania

PGA values (cm/s2) 

PSHA – results

www.utcb.ro

Evaluation of uncertainties of PSHA results

mean values – ס
 x – median values
  | – 68% confidence bounds

PSHA results
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www.utcb.ro

Median S��values with 10% exceedance probabilities in 50 years
(ESHM20) (left) and comparison with the values of national model (right) 

for bedrock spectral values

PSHA results

www.utcb.ro Comparison of control period Tc (left) 
and observed Tc values vs Vs,30 values (right)

PSHA results
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www.utcb.ro

Values of the slope of seismic hazard curves, KH

100/10 3.10 2.10
1000/100 3.16 2.19

225/40 2.35 1.75
475/40 3.45 2.25

475/225 1.47 1.29
1000/475 1.42 1.28

PSHA results

Ratios of seismic hazard 
values for different MRPs

www.utcb.ro

P100-1/2025 – Seismic action

Classification of counties in two zones according to the 
seismic hazard curve slope
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P100-1/2025 – Seismic action

www.utcb.ro

Elastic acceleration spectrum

P100-1/2025 – Seismic action

Page 175 of 250



www.utcb.ro

P100-1/2025 – Seismic action

www.utcb.ro

Elastic acceleration spectra for Bucharest and Cluj-Napoca

P100-1/2025 – Seismic action
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www.utcb.ro
Maximum spectral acceleration values with 10% exceedance 

probability in 50 years for verification at Ultimate Limit State (ULS) 

P100-1/2025 – Seismic action

www.utcb.ro Maximum spectral acceleration values with 70% exceedance 
probability in 50 years for verification at Serviceability Limit State (SLS) 

P100-1/2025 – Seismic action
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www.utcb.ro
Control period Tc values for verification 

at Ultimate Limit State (ULS) 

P100-1/2025 – Seismic action

www.utcb.ro

P100-1/2025 – Seismic action

Control period Tc values for verification 
at Serviceability Limit State (SLS) 
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www.utcb.ro Zoning of areas with low, moderate, and high seismicity

P100-1/2025 – Seismic action

Low seismicity (blue) – ,ℎ,  ≤ 3.00 m/s2

Moderate seismicity (yellow) – 3.00 m/s2 < ,ℎ,  < 7.50 m/s2

High seismicity (red) – ,ℎ,  ≥ 7.50 m/s2
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Direct and proxy seismic site 
characterization in Romania

Cristian Arion
Technical University of Civil Engineering, Bucharest

2

Strong earthquakes originating from Vrancea source affect large areas from Romania, 
Republic of Moldova, Bulgaria and Ukraine. 
In the last 200 years the strong Vrancea events produced significant damage and triggered 
on large areas geological induced hazards.

www.utcb.ro

October 26th, 1802 Vrancea Earthquake

Liquefaction was reported in many places in Bucharest and also in south-eastern Transylvania.

November 26th, 1829 Vrancea Earthquake

Liquefaction was reported in Bucharest (cellars filled with water).  

January 23rd, 1838 Vrancea Earthquake

Liquefaction in Bucharest, in epicentral region and in several locations in Moldova and Romanian plain. 
The event was investigated in the epicentral region by engineer Gustav Schuller, Counselor of the Great 
Duke of Saxa. Schuller reported many sites with abundant liquefaction, water blowing out up to half 
meter. He also reported ground collapse on limited surfaces and a large number of  ground cracks 
(many of them reaching 1 km length, the maximum length being 1.7 km) especially in the rivers 
meadows, that damaged peasants houses.  The majority of the cracks were accompanied by 
liquefaction.

3
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November 10th,  1940 Vrancea Earthquake

The earthquake triggered liquefaction at many sites in South Moldavian Plain and in Romania Plain 
including Bucharest, the water blowing out up to 1m height. The apparition of mud volcanoes with 
diameters up to 1.5 m and heights up to 15 cm was reported in the epicentral area. At many sites 
in Romanian Plain and South of Moldova the earthquake produced ground cracks along river 
meadows (rivers Prut, Siret, Trotuș, Putna, Ialomita, Prahova, Arges and Dâmbovița). The majority 
of these cracks were accompanied by liquefaction. Their dimensions reached 250 m length and 2-
3m opening. 

March 4th,  1977 Vrancea Earthquake

March 4, 1977 earthquake induced geological hazards (liquefaction, landslides, rock falls, etc.) 
on large surfaces in Romania, Republic of Moldavia and Bulgaria. Liquefaction was reported along 
Danube river, in Danube Delta, in Bucharest, in Buzau and in the meadows of Prut, Barlad, 
Ialomita and Olt rivers. Witness reported that water blow was between 0.5-5 m and stopped 
quickly after the earthquake. In Bucharest liquefaction was observed at several locations along 
Dâmbovița and Colentina rivers, with no damaging effects on buildings. 

One of the most alarming aspects of the ground collapse in the plain area of the Danube River 
near the town of Giurgiu was the formation of several massive sinkholes.

4

www.utcb.ro 5Map of March 4, 1977 earthquake induced geological hazards

@MONOGRAFIE, 1982
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https://www.ngdc.noaa.gov/hazardimages/#/earthquake/41

Rockfalls in the Buzău Mountains (Eastern Carpathians) resulted from the earthquake on 
March 4, 1977 (M = 7.2).

6

1.8m

7

https://www.ngdc.noaa.gov/hazardimages/#/earthquake/41

1.8m

The sliding of a massive rock  was triggered by the earthquake on March 4, 1977, in the 
Eastern Carpathians. This landslide destroyed houses in the village of Colți in the Buzău 
Mountains.
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Fig.2.33 Alunecare de teren in Muntii Buzaului provocata de cutremurul de la 4 Martie 1977
Foto � D. Balteanu, Academia Romana

8

https://www.ngdc.noaa.gov/hazardimages/#/earthquake/41

A landslide approximately 30-40 meters deep blocked a valley from March to April 1973. The landslide 
occurred on the southern slope of Blidișel Hill in the Buzău Subcarpathians. The rupture was during the 
earthquake on March 4, 1977, in the Eastern Carpathians.

9
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Fig. 2.31 Lichefiere - cutremurul din 4 Martie 1977: Bucuresti (stanga) si Buzau (dreapta)

 Foto � Cutremurul de pamant din Romania de la 4 Martie 1977, Monografie, 1982

LIQUEFACTION-ASSOCIATED GROUND DAMAGE
DURING· THE VRANCEA EARTHQUAKE
OF MARCH 4, 1977
KENJI ISHIHARA and VLAD PERLEA

SOILS AND FOUNDATIONS Vol.24, No.1; 
Mar.1984

www.utcb.ro 11

Dynamic behaviour of soils, soil amplification and soil structure 
interaction. Final Report
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Dynamic behaviour of soils, soil amplification and soil structure interaction
Final Report

www.utcb.ro 13

Dynamic behaviour of soils, soil amplification and soil structure interaction
Final Report
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Turkey Flat (California) experiment  - 1986

12 organizations from the USA and Japan participated in this experiment. Laboratory and in 
situ geotechnical tests were carried out to determine lithology, velocity, density, electrical 
properties and dynamic properties of the ground (damping, shear modulus). 

The results of the Tukey Flat experiment suggest that the accuracy of estimating light 
seismic movements depends more on the accuracy of the geotechnical model used in the 
analysis than on the method used in calculating the response.

Ashigara Valley in Kanto District, 80km Southwest of Tokyo  experiment - 1992

 “No significant difference is found in comparison of predicted spectral ratios by 1-D 
modelling (SHAKE) to those by a 2-D/3-D method”.

Important events in geotechnical seismic engineering

www.utcb.ro 15

Page 187 of 250



Seismic Source,
Propagation Path
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III. Seismic Design 
parameters

www.utcb.ro

Seismic hazard of Romania – Map for the Mean Recurrence Interval of 1000 yr. 

Page 188 of 250
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Investigation

Microzonation studies
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Elastic response spectra for August 30, 1986 free-field 

seismic records in Bucharest

TC=1,42s

TD=1,83s

Bucuresti, 30 august 1986 - miscari inregistrate in free-field
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1Hz (0.5 sec)    0.625Hz (1.6 sec)
Microzonation of spectral acceleration for different frequencies (periods)

30 August 1986 event

Microzonation of spectral 
acceleration at T=1.5s

Microzonation of normalized 
spectral acceleration at T=1.5s

30 August 1986 event
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Bucuresti, 30 aug. 1986  - 16 miscari free-field
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Coefficient of variation of the 
spectral acceleration recorded in 

Bucharest in 1986 and 1990 
earthquakes
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Soil testing and 
Investigation at CCERS
From 2003, new seismic networks, significant number of shallow and deep 
boreholes tests, standard penetration tests, non-invasive field techniques 
investigations have been carried out in Romania by National Center for 
Seismic Risk Reduction, NCSRR (now https://ccers.utcb.ro) by UTCB staff. 
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EN ISO 22476-3

www.utcb.ro

Adancime 
foraj, m Site Vs,30 Tg Vs,51 Tg

140 INCERC 271 0.449 301 0.677

69 SPITAL 246 0.495 279 0.731

110 Victoriei 285 0.427 309 0.660

78 UTCB 310 0.393 325 0.627

66 INSTALATII 289 0.421 317 0.643

68 PRC 294 0.414 308 0.662

51 Primarie 224 0.544 264 0.772

� �

�

�

ASTM D7400-08 “Standard Test Methods for Downhole Seismic Testing”
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TB = Period of the building

TG = Period of  the “Soil deposits" 

�i, Vsi, hiHs TG

TB

TB ≈ TG Resonance domain (Bigger building response, increased damage)

TB ≠ TG Non-resonant domain (Lower building response, Lower damage) 
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Ground types – seismic classification

P100-1/2013, Anexa A, pag.261

EN1998-1:2004, pag.34
ASCE/SEI 7-16
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2020 NEHRP Provisions

> 1524 m/s
> 914 m/s
> 640 m/s
> 442 m/s
> 305 m/s
> 213 m/s
> 152 m/s
< 152 m/s

www.utcb.ro

VS,30 is now one of the standard indicators for mapping seismic site conditions in most 
building codes of earthquake-prone countries. 

Soil classification (Allen, T.I., and Wald, D.J., 2007) and (Heath et al. 2020) proposed a 
methodology that correlate topographic slope data obtained from 30 arc-sec (SRTM30 – 
Shuttle Radar Topography Mission 30 arc-sec) topographic data recorded in 2000 by space 
shuttle Endeavor and VS,30 values obtained from in-situ measurements from different sites.

The quality and density of VS,30 measurements vary from one region to another. 

Investigating the proposed VS,30 map for Romania with the Bucharest measurement, we 
notice the differences between seismic downhole measured values and topographical slope 
estimated values of vary between −23% and +28% with a 14% mean value. 

All Bucharest sites in ground type “C” according to Eurocode 8 ground type classification 
(shear wave velocity between 180 and 360 m/s).
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The VS,30 map for Romania created with data from 2022 USGS website

www.utcb.ro

BGR [Bundesanstalt für Geowissenschaften und Rohstoffe] (2005). Soil 
Regions Map of the European Union and Adjacent Countries 1:5,000,000 
(Version 2.0). Special Publication, Ispra. EU catalogue number S.P.I.05.134.
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Results for Bucharest
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1950 – Tineretului, Caramidari, Serban Voda (Cocioc)

22022
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Geological zonation of Bucharest
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SSW - NNE   SOIL PROFILE

W - E   SOIL PROFILE

NW - SE   SOIL PROFILE

                 LEGEND

2 - Sandy-clay superior deposits

3 - “Colentina” gravel,
      containing water table level

4 - Intermediate deposits of
     lacustral origin (80% clayed)

5 - “Mostistea” banks of sands:
      sands and silty clay

V. Ciugudean, Metroul SA Bucharest
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Bucharest - Shear waves velocities versus depth

Vs = 63.943 + 80.887ln(h)   cohesive soils 
 Vs = 67.058 + 84.166ln(h)   granular soils 
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Differences between Vs,30 values obtained in down-hole and 
MASW surveys are ranging from 15-35%
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Calarasu et al, 2018

The N-value is the guideline of hardness and softness of soil.

Corelations with Standard Penetration Test (SPT)

Selected S-wave velocities values from PS logging provided 316 pairs of data for 
all types of soils (from 23 locations in Bucharest) and selected S-wave velocities 
values from MASW logging provided 99 pairs of data (from 5 locations) at depths 
nearest to the ones where N-SPT value was recorded. 

Developed correlations for Bucharest sites between VS and NSPT 

Page 206 of 250



54

�
�
�




�
�
�

�
���

�

�
��
�

�

�
�
�




�
�
�

�
���

�

�
��
�

�

	

12

2

2

2

s

p

s

p

V
V

V
V

� ;  

b
s

GV
�

	  

 
E = �bVP 
 

� ���	
12

EG �

 

� �
� ���

�
21

12

�
�

	
GVp

� �
� ��

�
21

12

�
�

	
s

p

V
V

98

2
2

0
St

S
VVG 


	
	
�

�

Emax = 2 Gmax (1 + �) 

Calarasu et al, 2018

Arion et al, 2022

Vs = 63.94 + 80.89 ln(h)  cohesive soils
        Vs = 67.06 + 84.17 ln(h)  granular soils

Surface geology in Bucharest

SSW - NNE   SOIL PROFILE

W - E   SOIL PROFILE

NW - SE   SOIL PROFILE

                 LEGEND

2 - Sandy-clay superior deposits

3 - “Colentina” gravel,
      containing water table level

4 - Intermediate deposits of
     lacustral origin (80% clayed)

5 - “Mostistea” banks of sands:
      sands and silty clay

The Bucharest soil profile generally contains 

the following 7 typical layers (having various 

thickness from site to site).

Recommendation for the Vs values: for the 
Bucharest soil profile 7 typical layers 

(1) Backfill, 

(2) Sandy-clay superior deposits: shear wave 

velocity Vs � 150m/s, 

(3) "Colentina" gravel: Vs � 360m/s, 

(4) Intermediate deposits of lacustral origin, 

80% clayed: Vs � 250m/s, 

(5) "Mostistea" banks of sand: Vs � 290m/s, 

(6) Lacustral deposits of marled clay and fine 

sand with some lime: Vs � 340-390m/s,

(7) "Fratesti" gravel: Vs � 400m/s.
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- over 60  sites located in Bucharest are characterized by using the shear wave velocity Vs,30, in 
order to obtain a comprehensive database to be used in site response analysis

- Different predicting equations for estimating the shear wave velocity Vs  are proposed
- Recommendation for the Vs values for the Bucharest soil profile are offered
- SPT is also suitable for “Romanian” cohesive soils 
- CPT test with electric cones due to the presence of gravely soils are difficult to be performed
- MASW surveys provide low confidence/reliable results (to many variables involved in the 

method). “PLEASE DO NOT USE - E Pericoloso Sporgersi”

Conclusions

Problems related with…STRUCTURAL design optimization

- Larger values of shear wave velocities near the ground surface!!!

Why?
Increase the soil shear resistance near the surface to decrease the section of the vertical 
supports (decrease the shear wall and the columns transversal section/diameters) – 
decrease the construction cost 

Bucharest city center example

Small investment in field measurements  --- design optimization and  
large savings in construction cost

- Application of MASW in the case of Karamarmaras EQ example  -
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Problems related with…STRUCTURAL design “optimization”
Bucharest city center example

680

Small investment in field measurements 
 large savings in construction cost

Engineering Bedrock at 40 m in Bucharest!!!

Problems related with…costs

“PLEASE DO NOT USE - E Pericoloso Sporgersi”

MASW (surface waves) measurement  – cost x euro

Downhole measurement     – cost 4x euro
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Starting with 2004 we have been carried out dynamic triaxial laboratory 
tests at Seismic Risk Assessment Research Center 
https://ccers.utcb.ro) by UTCB staff. 

We managed the all stages of the investigations:
 - Sampling (doble core barrel – split or full tube),
- Preservation and transportation of the samples,
- Preparation of the specimens,
- Testing,
- Reporting.

All the staff was trained in Japan at Tokyo Soil Research, Tokyo University, 
Waseda University and Istanbul Technical University.

The equipment’s, the data acquisition and processing systems and triaxial 
testing equipment is located at Seismic Risk Assessment Research Center, 
Technical University of Civil Engineering formerly installed at National Center 
for Seismic Risk Reduction Bucharest Romania (NCSRR) was made by Seiken 
and donated from Japan International Cooperation Agency (JICA) through 
the Technical Cooperation Project on the Reduction of Seismic Risk for 
Buildings and Structures in Romania.

The NCSRR triaxial equipment can solve the dynamic problems with soils 
subjected to a strain level as small as 10-6 (used to evaluate the soil strength 
in comparison with stresses induced by external loading and the settlement 
of ground or structures associated with the deformation of soils. 
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62

Încercare Test Tip de teren 
analizat 

STATICĂ 
 

Test triaxial neconsolidat nedrenat (UU Test) 
Test triaxial consolidat nedrenat (CU Test) 
Test triaxial consolidat nedrenat cu măsurarea 

presiunii apei din pori (CU Test) 
Test triaxial consolidat drenat (CD Test) 

Nisipuri, Argile 

CICLICĂ 
Test triaxial ciclic nedrenat (lichefiere) 
Test triaxial ciclic pentru determinarea 

proprietăţilor de deformaţie ale terenului 
Nisipuri, Argile 

 

Tipuri de încercari ce pot fi realizate cu echipamentul triaxial

Wave Propagation Test (ultrasonic pulse test/bender element)

Production of the excitation signal (the -wave synthesizer) and 

Signal reception (high-resolution oscilloscope)

Elementele de tip bender 

By GEONOR

t

t
s

T

L
V 	

2

sVG 
�	

The wave propagation test in the triaxial cell is used to 
directly obtain the dynamic shear modulus G. 

Magnitude of strain 10-6 10-5 10-4     10-3 10-2 10-1 

Phenomena Wave propagation, vibration Cracks, differential settlement Slide, compaction, liquefaction 

Mechanical characteristics Elastic Elasto-Plastic Failure 

Effect of load repetition         

Effect of rate of loading         

Constants Shear modulus, Poisson’s ratio, damping Angle of internal friction, 
cohesion 

In
 s

it
u
 

m
ea

su
re

m
en

ts
 Seismic wave 

method 
        

In-situ vibration test        

Repeated loading 
test 

       

L
ab

o
ra

to
ry

 

m
ea

su
re

m
en

ts
 Wave propagation, 

precise test 
        

Resonant column, 
precise test 

       

Repeated loading 
test 

       

Analytical Model Linear elastic model Viscoelastic model Load history tracing type 
model 

Method of response 
analysis 

Linear method Equivalent linear method Step-by-step integration 
method 

 

Number of cycles Phenomenon Duration of loading Effect 

1 Dropping bombs or blasting 10-3 – 10-2 seconds Impulse or 
shock load 

10 – 20 with 
different 

amplitudes 

Earthquakes 
(the period of each impulse is 

between 0.1 to 3 seconds) 

0.02 – 1 seconds  

100 – 1000 Pile driving, vibro-compaction Frequency of the loads 
10 – 60 Hz 

 

104 - 105 Machine foundation 
(for compressors, electric 

generator) 

Frequency of the loads 
10 – 60 Hz 

 

Very large Parking, water waves, 
pavements of railroads, 

0.1 – few seconds Fatigue 
Repetition 

effect 
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Sampling, preparation and testing of the soil samples 
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Test results on clayed samples 
and comparison with analytical 

model curves

shear modulus ratio G/Gmax versus shear strain 

and 

the strain dependent damping
 

The deepest clayed soils samples were taken 
at 67 m by using double core barrel sampler

Test results on sandy samples 
and comparison with analytical 

model curves

shear modulus ratio G/Gmax versus shear strain 

and 

the strain dependent damping
 

The deepest sandy soils samples were taken 
at 39 m by using double core barrel sampler
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mean curves (med) and med � for the shear modulus ratio G/Gmax versus shear strain 

and 

the strain dependent damping 
and comparison with analytical model curves 

Statistical indicators (Average, m and standard deviation, � values) for the shear 

modulus ratio G/Gmax and damping h and corresponding cyclic shear strain for 

Bucharest sandy soils

� � �

Page 214 of 250



The report of the test result was prepared based upon the submissions from 23 institutions worldwide. 
The participated institutions were total of 15 from Asia (Japan-11, China-1 & Korea-1), 9 from Europe 
(France-2, Italy-2, Finland-1, Holland-1, Portugal-1, Rumania-1 & England-1) and one from North 
America (Canada-1).

Problems related with damping measurements at very small strains (<10-5 )

- Effects of bedding error at the top and bottom ends of specimen (the deformation of the 
loading piston and specimen cap),

- Frequency of loading 
- Time gap; example (1/100 sec) between the force and displacement measurement can 

increase the damping.
- Noise of the power supply
- Sensitivity of the pickup (output of the pickup) (A/D –converter); 16 bit (216) or 12bit (212)
- Signal/noise ratio – S/N ratio
- Cell pressure capacity (bigger – small resolution; small capacity- fine resolution) – 
(Question: what is BIG and what is SMALL) 
- Type of soil specimen (stiff clay, soft rock – more problems in measurements)
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Problems related with damping measurements at very small strains (<10-5 )

Example: 
     damping h= 5.63%
     axial strain 0.00027%
     dev. stress 2.3kN/m2

Problems related with damping measurements at very small strains (<10-5 )
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International disasters

75

www.utcb.ro

1. Case study- Norway – microzonation of quick clay!!!
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Ten people lost their lives in the disaster on the night of December 30, 2020. An area of ​​about 
300 by 700 meters collapsed, taking with it more than 30 residential units in the Nystulia 
housing estate. 1,600 residents were evacuated.

77

www.utcb.ro

Landslide due to quick clay in Gjerdrum

85
Risk class 3

470
Risk class 4

94
Risk class 3

NVE mapping tool of 
quick clay 
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NVE-The Norwegian Water Resources and Energy Directorate

The Norwegian Water Resources and Energy Directorate (NVE) has a mapping tool where you can check areas 
with quick clay. Regulation plans can also be found at the municipalities.

Mapping of quickclay in Norway started - after 29 April 1978, Rissa the largest quick clay landslide in 
Norway in the 20th century, and is ongoing, and new zones are created every year, according to NVE.

The mapping of quick clay zones gives the municipality and private individuals a good tool, including in land 
use planning.

Over 100,000 people live in mapped quick clay zones in Norway. Over 2,300 zones have been mapped to 
date. NVE will continue to prioritize the mapping of quick clay zones in the areas where the risk of landslides 
is greatest.

The mapping includes both updating existing maps and developing new caution maps for quick clay 
landslides. These maps will help identify areas that require further investigations and potential protective 
measures.

If Norway did not succeed with microzonation maps for quick clay (relatively low-cost investigation 
method) after 40 years of investigations done by NGI (the program started after 29 April 1978, Rissa
the largest quick clay landslide in Norway in the 20th century) how about low budget countries…

  think BIG decide SMALL.

2. Case study- Turkey
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Devastating earthquakes in Turkey –in the last 100 yrs

Kocaeli

Erzincan

Kahramanmaraş

80https://vividmaps.com/seismic-risk-map-turkey/

The new Earthquake Hazard Map and Building Earthquake Regulation was published on 18 March 2018

https://giris.turkiye.gov.tr/

www.jmo.org.tr
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DETERMINATION OF SOIL PARAMETERS OF TURKISH NATIONAL STRONG MOTION STATIONS 
PROJECT - GEOPHYSICAL SURVEY REPORT
(MASW, REMI, MICROTREMOR)

Lithology: Alluvial Fan
 Age: Quaternary  

a) MASW  - multichannel analysis of surface waves method
b) REMI - Refraction Microtremor (seismic surface wave method)
c) AMBIENT NOISE MEASUREMENT

MASW

REMI

MASW +REMI
The site dominant frequency was identified from

 the average horizontal-to-vertical (H/V) 
spectral ratios of the 5%-damped 

peak frequency of 0.61 Hz 

VVs30 = 533 m/s

Vs30 = 299 m/s

www.utcb.ro
83

DETERMINATION OF SOIL PARAMETERS OF TURKISH NATIONAL STRONG MOTION STATIONS 
PROJECT - GEOPHYSICAL SURVEY REPORT
(MASW, REMI, MICROTREMOR)

Lithology: Alluvial Fan
 Age: Quaternary  

SITE CLASSIFICATION OF THE SEIEMIC STATION 

Subsoil classification based on Vs profiles
 (Vs30), obtained from MASW survey, according to 

NEHRP and EC8.

Spectral classification based on predominant period, 
obtained from microtremor measurement, according 
to Rodriguez-Marek et.al., 2001 and Di Alessandro et 

al. 2012 based on microtremor study

Subsoil classification of 3145 station based on Vs profiles (Vs30), obtained from MASW survey, 
according to Turkish Building Earthquake Code (TBEC, 2018).
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The building code-based spectra, 
are provided for average return 
periods of 2,475 years (DD-1), 475 
years (DD-2), 72 years (DD-3), and 
43 years (DD-4). 
Residential buildings are generally 
designed considering the 475-year 
return period spectrum. (2018 
earthquake-resistant design code 
of Türkiye (TBDY, 2018)

Boğaziçi University 
Kandilli Observatory and Earthquake 
Research Institute 
Department of  Earthquake 
Engineering 
Strong Ground Motion and Building 
Damage Estimations
Preliminary Report (v6) - 2023

www.utcb.ro 85

Balarmudu-Kirikhan-Hatay

The building code-based spectra, are provided 
for average return periods of 2,475 years (DD-1), 
475 years (DD-2), 72 years (DD-3), and 43 years 
(DD-4). 
Residential buildings are generally designed 
considering the 475-year return period 
spectrum. (2018 earthquake-resistant design 
code of Türkiye (TBDY, 2018)

Comparison of the 5%-damped acceleration response spectra 
(thin curves) with TBDY (2018) code-based spectra (bold curves) 
at the station of (a) 3145.
Credit: Erdik, Tümsa, Pınar, Altunel, and Zülfikar

https://temblor.net/temblor/preliminary-report-2023-
turkey-earthquakes-15027/
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Problems related with design codes
- Advanced Design codes must be implemented taking into consideration the technical, financial 

capabilities of the local administrations.
- Low values in the Seismic Hazard Map for PGA in areas with evidence of large historical events
- Accepting local site characterization might lead to worst DAMAGE case  - high rise buildings are 

designed/constructed with low levels of seismic design
- Low corner periods of design spectra associated to quaternary soil deposits (EC8, ASCE …
- US regulations are established based comprehensive site investigations

•

•
•

European Problems related with…

- Research capabilities of seismic European countries are limited
- Continuous budgetary allocation (example: CNRRS) 
- Low interest in Field or laboratory investigation in some countries/cases
- Reduced number of researchers/laboratory technicians
- Limited involvement of large construction companies in the research
- Norway example of zoning the quick clay (after more than 40 years of 

investigation financed by NVE) shows the limitation of microzoning 
- Design codes accepting local site characterization based on low reliability 

investigations methods might lead to extensive (UNEXPECTED!?) damages
- Low corner periods of design spectra sometimes associated to quaternary 

soil deposits  
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Final proposal on seismic zonation of 
Romania

2025

88

www.utcb.ro

Revision of P 100-1
Seismic Design Code of Romania

(To be released in 2025)
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Revision of P 100-1
Seismic Design Code of Romania

(To be released in 2025)

1964  Niigata –Showa Bridge

91

2004  Niigata –Showa Bridge

NEVER give up!
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Thank You!
www.utcb.ro

Thank You!

The TEAM:
Cristi Neagu, Elena Calarasu, Alexandru Aldea, Radu Vacareanu, Florin Pavel,

Bogdan Gheorghe, Cristian Arion
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UTCB site response based on 
20 years of observation

Alexandru Aldea (UTCB), Florin Pavel (UTCB), 
Etienne Bertrand (Université Gustave Eiffel)

 

National Center for 
Seismic Risk Reduction 

 

Japan International Cooperation Agency JICA

Project Type of Technical Cooperation in the field of 
Housing and Building

"Reduction of Seismic Risk for Buildings and Structures"

2002-2008

implementing agency
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No. Site Station 
ID

Surface sensor
location 

Depth of 
sensor in 
shallow 

borehole, 
m

Depth of 
sensor in 

deep 
borehole, 

m
1 UTCB Tei UTC1 free field -28 -78
2 UTCB Pache UTC2 1 storey bldg. -28 -66
3 NCSRR/INCERC INC 1 storey bldg. -24 -153
4 Civil Protection PRC 1 storey bldg. -28 -68
5 Piata Victoriei VIC free field -28 -151
6 City Hall PRI free field -28 -52
7 Municipal Hospital SMU free field -30 -70

Seismic stations for site effect assessment

Borehole sensor

Altus K2 

accelerometer

Borehole sensor

Free field

Shallow 

borehole 

24÷30m

Deep 

borehole

60÷153m

Surface and 

borehole cables

Borehole seismic instrumentation

Gazetas, 2006,1st ECEES

N
o
rm

al
iz

ed
 S

A

Period, s

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50

March 4, 1977 
Vrancea 

earthquake 

"It is indeed fortunate that at least one reliable observation 
of the ground motion was made in Bucharest. It appears to 
be a very interesting one which may modify the concepts of 
standard response spectra." [EERI, 1977].
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Map of the separation limit between quaternary and 
tertiary deposits (Liteanu, 1961)

Quaternary layer in Bucharest – between 200m-300m

Romanian Plain geologic profile (Voitesti, 1941)

Carpathian mountains

Danube

Bucharest
bedrock depth ~1500m

Soil thickness to the seismic bedrock from array microtremor 
measurements:
      1696 m at INCERC 
      1993 m at EREN
      1884 m at PRC

Aldea, Yamanaka and Takahashi, 2006, 1st ECEES

UTC1
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Station PRI UTC2 PRC SMU UTC1 INC VIC

Average (30m) Vs, m/s 219 288 293 245 309 270 284

Average (52m) Vs, m/s 258 318 309 281 326 302 310

Average Vs, m/s 
(whole borehole depth, m)

258
(52m)

332
(66m)

324
(68m)

303
(69m)

349
 (78m)

364
(140m)

354
(110m)

2003 – Down-hole tests 
NCSRR & Tokyo Soil Co., Ltd.

Eurocode 8 class C 
"Deep deposits of dense or medium dense sand, gravel or stiff clay 
with thickness from several tens to many hundreds of m"

Romania-Greece Seminar site
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July 16th, 2003
Kobayashi & Kanehira (OYO), 

Aldea, Vacareanu, Radoi, Negulescu, 
Poiata  (NCSRR)

Kinemetrics K2 station with 
Episensor & FBA23-DH

UTC1 station management
2003-2010 NCSRR
2010-2014 INCERC
2014 -           UTCB

No Date Seismic source Depth
km

Magnitude
Mw

1 2003.10.05

Vrancea intermediate

145.6 4.7
2 2004.07.10 150.4 4.3
3 2004.09.27 166.1 4.7
4 2004.10.27 105.4 6.0
5 2005.06.18 153.7 5.2
6 2005.12.13 136.8 4.9
7 2005.12.18 Vrancea surface 57.0 3.3
8 2006.03.06

Vrancea intermediate

151.7 4.7
9 2007.01.17 131.6 4.3

10 2009.04.25 109.6 5.4
11 2014.03.29 134.4 4.6
12 2014.04.03 127.9 4.3
13 2014.08.24 147.3 4.2
14 2014.09.10 106.1 4.3
15 2014.11.22 Vrancea surface 40.9 5.4
16 2015.03.16

Vrancea intermediate

118.2 4.3
17 2015.03.29 145.4 4.3
18 2016.09.23 92.0 5.5
19 2017.08.02 131.0 4.6
20 2018.03.14 136.9 4.2
21 2018.04.25 147.6 4.1
22 2018.10.28 147.8 5.5
23 2020.01.31 118.2 4.8
24 2021.05.25 131.2 4.3
25 2022.05.11 142.6 3.9
26 2022.09.18 Făgăraș surface 23.0 3.2
27 2022.11.03

Vrancea intermediate
149.0 4.9

28 2023.12.03 133.3 4.3

+ 5 records with no date 
(GPS malfunction)

Event recording (triggering 
threshold)
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27/10/2004
Mw = 6

UTC1

Peak Ground Accelerations PGA27.10.2004 Mw=6

Indicator PGA horizontal (cm/s2) PGA vertical (cm/s2)
Depth 0m -28m -78m 0m -28m -78m

Min 0.7 0.3 0.2 0.4 0.2 0.1
Max 58.4 28.4 23.1 34.1 11.4 9.8

Average 7.04 2.59 2.65 4.46 1.68 1.41
Stdev 10.76 4.38 4.37 6.57 2.42 2.12

COV 152.9% 169.1% 164.8% 147.3% 143.6% 150.2%

Skewness 3.37 4.23 3.38 3.63 3.11 3.26
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Peak Ground Accelerations PGA
 Probability Density Function

Histogram Lognormal

x
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Expon. (-78m)
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Direction EW NS Vertical 
Rapport 
des PGA 

0m/ 
28m 

0m/ 
78m 

28m/ 
78m 

0m/ 
28m 

0m/ 
78m 

28m/ 
78m 

0m/ 
28m 

0m/ 
78m 

28m/ 
78m 

Moyenne 3,87 2,93 0,82 2,33 2,96 1,41 3,01 3,43 1,26 
Ecart-type 1,34 1,26 0,34 0,70 0,65 0,68 1,30 0,65 0,40 

COV 34,7% 43,0% 41,9% 30,1% 21,8% 48,3% 43,2% 18,9% 31,3% 

 

PGA ratios

R² = 0.0009
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f1 (Hz) average 1.17
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Concluding remarks

Considering the limited amount of data available (number, magnitude range):

• Recorded data showed that the upper 28m of soil are the main contributor for the PGA amplification

• PGA amplification had no correlation with earthquake magnitude

• Surface over borehole spectral ratios captured the vibration characteristics of the soil layers between the 
recording points (even the higher modes)

• Soil behaviour remained elastic

• H/V spectral ratios from seismic records display a lower frequency peak that can be associated to the deep 
geology (the peak is visible also at -78m depth)
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Assessment of soils 
stiffness for small strains 
by in situ tests and 
correlations for sites in 
Bucharest 

Alexandra Ene

Assessment of soils stiffness for small strains by in situ tests and correlations 
for sites in Bucharest

G0 = initial shear modulus = small strain shear modulus
useful in the analysis of soil-structure interaction of structures in case of seismic actions

Advanced design of civil 
structures –

soil-structure interaction

Analytical approach

Numerical approach

DEPENDENT ON THE DEFORMABILITY 
PARAMETERS OF THE FOUNDATION GROUNDG0

In situ tests

Laboratory 
tests
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Assessment of soils stiffness for small strains by in situ tests and correlations 
for sites in Bucharest

IN SITU TESTS – preferred method
disturbance of the soil samples is minimal
better coverage of the investigated soil volume 
indirect, based on theoretical and empirical correlations

Generating shear waves 
(in depth or at the ground surface)

Measuring the velocity of S-waves 
(using sensors) 

The most common tests carried out in 
Romania: Downhole, sCPT & sDMT

Assessment of soils stiffness for small strains by in situ tests and correlations 
for sites in Bucharest
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Assessment of soils stiffness for small strains by in situ tests and correlations 
for sites in Bucharest

Soil stratification specific to Bucharest area:
1. Old and new fillings in surface - various sources and periods;
2. Upper sandy clayey complex, “Clays of Bucharest” or “Bucharest Loam” comprised of silty-

clayey soil deposits and pockets of clayey sands (stiff);
3. Upper sandy complex “Colentina Gravels” comprised of sands and small gravels (medium 

dense);  
4. Intermediate lacustrine complex consisting in general of clays or silty-clays with bounding 

surfaces (stiff); 
5. Intermediate sandy complex, “Mostiștea Sands” consisting of medium and fine sands, 

sometimes with clayey or sandy inserts (medium dense);
6. Inferior lacustrine complex, consisting of fine clays and sands; 
7. Frăteşti layers, the oldest quaternary formations in the area, at relatively high depth 

(approximately 100-180 m) consisting of sands and gravels with clayey inserts (medium 
dense to dense).

Assessment of soils stiffness for small strains by in situ tests and correlations 
for sites in Bucharest
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Assessment of soils stiffness for small strains by in situ tests and correlations 
for sites in Bucharest

Assessment of soils stiffness for small strains by in situ tests and correlations 
for sites in Bucharest
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Assessment of soils stiffness for small strains by in situ tests and correlations 
for sites in Bucharest

No proper 
correlation 
with the void 
ratio

Marcuson and Wahls, 1972Hardin and Black, 1968, 
Kim and Novak, 1981

Kokusho et al., 1982

Jamiolkowski et al., 1991, Payan et al., 2016 Shibuya et al., 1998

Assessment of soils stiffness for small strains by in situ tests and correlations 
for sites in Bucharest

Good 
correlation 
with SPT

Crespellani and Vannucchi, 1991 
(r=0,671)
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Conclusions

Variation of the soil initial modulus even in relatively small area (all within the margins of 
Bucharest city) is very important, thus precaution is needed in estimating this parameter or 
comparing with experience.

Further research on the correlations between the initial soil stiffness and simple soil parameters 
is needed

Besides from the differences in soil layers thickness and properties, it can also be intuited that 
also the variation of the testing procedures and equipment might lead to such discrepancies .

Assessment of soils stiffness for small strains by in situ tests and correlations 
for sites in Bucharest
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Local site conditions in hybrid strong 
ground motion simulation

Assist. Prof. Anabella Coţovanu – anabella.cotovanu@mta.ro
Military Technical Academy “Ferdinand I”, Bucharest, Romania

Content
• Introduction
• Simulation method
• Local site conditions – general considerations
• Local site conditions – issues
• Conclusions

The map with the locations of the INCERC seismic station and the March 4th 1977, August 30th 1986 and 
scenarios earthquakes epicenters; the outlined area (after Borleanu et al. 2011) is an approximation of the 

Focsani Basin area, and the contours underline the depth of the sedimentary layers in meters. The map in the 
upper corner emphasizes the location of the INCERC station in Bucharest

s

anabella.cotovanu@mta.ro
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Introduction

The use of a certain method is dependent on the applicability to the seismogenic
zone and the level of knowledge concerning the processes that generate and
modificate of the seismic waves.

Proposed hybrid method

Ti
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ot
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m
ul

at
io

n The empirical method of 
Green functions

Stochastic simulation of 
ground motion 

Numerical (physical based) 
modeling

Hybrid methods

anabella.cotovanu@mta.ro

Spectrum of ground motion (SMSIM - Boore, 2003)

Y(M0,R,F) = E(M0,f)P(R,f)G(f)I(f)

Souce equation

E(M0) = CM0S(M0,f)

Finite source vs point source

Single corner vs double corner 
source spectrum

Share-wave velocity and density in 
source vicinity, radiation path, corner 
frequencies, stress, magnitude, source 
dimensions, strike, dip, rake, source 

duration

Path equation

P(R,f) = Z(R)exp[-πfR/Q(f)cQ]

Geometrical spreding and 
attenuation

Path duration
(Cotovanu and Vacareanu, 2021)

Depth, reference distance, distance-
dependent geometrical spreding function, 

frequency-dependent attenuation 
funciton,  

Local site equation

G(f) = A(f)D(f)

Crustal amplification and site 
diminution

Linear effects vs nonlinear effects, 
liquefaction, topography

Soil profile, seismic impedance, share-
wave velocity, density for each type of 
soil, frequency-dependent diminution 

function, k diminution function  

Shaping window
(Cotovanu and Vacareanu, 

2020b)

DEEPSOIL 
(Hashash, et al., 2016)

Velocity of local site 

profile of INCERC 

(Bucharest) station after 

Constantinescu and 

Enescu (1985) 

Simulation method - Hybrid method

anabella.cotovanu@mta.ro
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Local site conditions – General considerations

Spatial variations in uplift and erosion along the Romanian 
Carpathians and thickness of foredeep sediments 

(Cloetingh et al, 2004)

Bedrock depth under the Moesian Platform 
(Manea et al, 2020)

anabella.cotovanu@mta.ro

Local site conditions - issues
DEPTH

PROFILE DEFINITION

MAGNITUDE DEPENDENCE

DISCRETIZATION

DINAMIC PARAMETHERS

Velocity of INCERC (Bucharest) 
station after Constantinescu and 

Enescu (1985) 

Velocity of INCERC (Bucharest) station 
after Neagu (2015) after Aldea et al. (2006)

and Lungu et al. (1998)

anabella.cotovanu@mta.ro
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Local site conditions - depth

Peak ground acceleration (PGA) evolution over the stratification depth for each 
simulation and the statistical descriptors for both nonlinear (N) and equivalent 

linear (EL) analyses for Vrancea 1986: mean, mean – 1 standard deviation 
(stdev) and mean + 1 standard deviation 

August 30, 1986 Vrancea earthquake

Parameters Parameter values/functions Reference

Mw 7.1 ROMPLUS (Radulian et al. 2019)

Epicenter 45.52º lat. N 26.49º long. E ROMPLUS (Radulian et al. 2019)

h (km) 131.0 ROMPLUS (Radulian et al. 2019)

• Simulations for Vrancea 1986 scenario
• Nonlinear analyses (N) and equivalent-linear (EL) 

analyses 
• Attenuation from 1162 m to approximately 150 m
• Obvious amplifications in the last 150 m 

Should it be considered as local site conditions
only the last 150 m?

anabella.cotovanu@mta.ro

Local site conditions - depth

The influence of the geological stratification depth - site effects simulations employing 
the profiles Lungu et al. (1998) – 128 m and 
Neagu (2015)/Aldea et al. (2006) – 153 m

gradually completed with layers from Constantinescu and Enescu (1985) – 1162 m

Peak ground acceleration (PGA) evolution over the stratification depth for each 
simulation and the statistical descriptors for both nonlinear (N) and equivalent 

linear (EL) analyses for Vrancea 1986: mean, mean – 1 standard deviation 
(stdev) and mean + 1 standard deviation 

Should it be considered as local site conditions only the last 150 m?
NO – shorter profiles do not simulate the long period amplifications

anabella.cotovanu@mta.ro
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Local site conditions – profile definition

Comparison between pseudo-acceleration spectra emphasizing different 
local site conditions effects depending on the stratification definition 

(Cotovanu, 2020)

Bedrock depth under the Moesian Platform 
(Manea et al, 2020)

anabella.cotovanu@mta.ro

Local site conditions – magnitude dependence 
and discretization

The influence of the discretization used in defining geological stratification. 
Comparisons (GMAFs - c, d and PSA - a, b) between simulations of Miocene 

layer effects when divided into variants of equal elements (2 - 50 elements) and 
subjected to bedrock motions generated with source corner frequencies of 

0.09Hz (a, c) and 0.13Hz (b, d)

Two sets of simulations were performed for the deepest
layer (Miocene layer) with several discretization
variants, using two simulated motions at the bedrock
with different source spectrum corner frequency:
• 0.09Hz (11s period – lower magnitude/stress drop)
• 0.13Hz (7.7s period – higher magnitude/stress drop)

“Lower magnitudes” do not “activate” long period 
amplifications - the local stratification response is 

dependent on the source characteristics

Discretization as fine as possible improves simulations, 
especially in the short period domain (0.02-0.7s)

anabella.cotovanu@mta.ro
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Local site conditions – dynamic parameters 
Comparison between the 

recorded ground motions at the 
INCERC station during the 

earthquake of August 30, 1986, 
and the simulations considering 
a nonlinear analysis (N) and an 
equivalent linear analysis (EL) 
regarding the mean simulation 

spectra, and the mean 
normalized cumulative energy 

Cotovanu (2020)

Comparison between the recorded ground 
motions at the INCERC station during the 
earthquake of August 30, 1986, and the 

simulations considering a nonlinear 
analysis (N) and an equivalent linear 

analysis (EL) in terms of mean misfits after 
Karimzadeh (2019) – PGA, PGV, 

PGV/PGA, CAV, Ia, teff, ASI, HI, VSI, PSA 
(Cotovanu, 2020)

General functions of shear modulus and damping curves

There is a need for dynamic characteristics 
for deeper strata. The differences between 
nonlinear (N) and equivalent linear analysis 
(EL) is determined probably by the general 

curves employed

anabella.cotovanu@mta.ro

Local site conditions - validation

Comparison between the mean response spectra of simulations, each 
simulation separately and the INCERC ground motion recordings of the 

March 4, 1977 seismic event

Simulations with the best misfits to the ground motions produced by March, 
1977, Vrancea earthquake at the INCERC station

Peak ground acceleration (PGA) 
evolution over the stratification depth 
for each simulation and the statistical 

descriptors: mean, mean – 1 
standard deviation (stdev) and mean 

+ 1 standard deviation 

Mean misfits between the 
simulations and the recordings 

(green - in relation to the mean of 
the two directions, red - in relation 

to the NS component, blue - in 
relation to the EW component)

(Cotovanu, 2020)
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Conclusions
• The use of a shallow depth geological profile does not generate the changes specific to the local site

conditions: the long period amplifications are produced by the entire sedimentary profile that extends to
approximately 1 km

• The local stratification response is dependent on the source characteristics (magnitudes, stress drop)
• The discretization controls the recognition of the short period components of the motion
• Due to the considerable high thicknesses of superficial geology in the Southern and Eastern parts of 

Romania, the parameters of the layers in different locations are incompletely researched.
• There is a need of dynamic characterization of the soil profiles. The differences between nonlinear and 

equivalent linear simulations should be further researched (the spectral characteristics are better simulated 
by the nonlinear analysis, while the others by the equivalent linear analysis)

anabella.cotovanu@mta.ro

Thank you for your attention

anabella.cotovanu@mta.ro
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