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General

This presentation was made as a tribute to the
MEETING project, Line no. 3: “Geology and
large scale site effects”. In this line, the main
goal of investigation is to provide the authorities

and engineers with a series of procedures to
define, Iin a synthetic and standardized way, the
main geological-structural characteristics that

Influence a local seismic response.




General

The results of investigation will be presented in
zonation maps for seismic-geotechnical hazard.

The scope of the project is making available to
local administrations a teritorial information
platform supporting the different stages of
management of seismic vulnerabillity.

The process of making such maps is continual,
and maps should be updated from time to time.

Preparatory works for Croatian National Annex
for ECS.




Motivation

Designing according to ECS8 results In
larger sizes of structural elements
compared to that in the case of the old
codes.

=>
Is It misinterpretation of EC8 or should the
sizes really be larger?

If existing structures are undersized, what
can be done with existing structures,
especially with historical monuments?




Motivation

What Is the role of site response In the
design process?

=> Design starts with assessment of
seismic hazard which depends on site

response

Site response depends on ground types
How Is site response treated in EC8? =>




Site classification schemes in ECS8

Seismic hazard is expressed in EC 8 by the
reference peak ground acceleration on
reference return period recommended for the
non-collapse performance level is the 475 year,
corresponding to 10% probabillity of exceedance
In 50 years.

Due to possible local amplifications, base rock
acceleration could be significantly increased.

In EC8 the design ground acceleration (a,)
(related to base rock) Is equal to a tlmes the
|mportance factor, g;.

= @ -a,z => Table




Site classification schemes in EC8

Importance classes for buildings
(Table 4.3, EN 1998-1:2004 (E))

Import. Buildings
Class

B Buildings of minor importance for public safety, e.g.
agricultural buildings, etc. g,=0,8

W Ordinary buildings, not belonging in the other categories
g=1,0

Ul Buildings whose seismic resistance is of importance in
view of the consequences associated with a collapse,
e.g. schools. assembly halls, cultural institutions etc.
g=1,2

A Buildings whose integrity during earthquakes is of vital
Importance for civil protection, e.g. hospitals, fire
stations, power plants etc. g,= 1,4




Site classification schemes in ECS8

Importance classes for buildings may have an
Important role in geological and geotechnical
data collection =>

In EC8 Austrian National Annex, in the seismic
zones with earthguakes of intensities VIII and IX
and for buildings of importance classes Il and
|V, additional seismic-oriented site investigation
should be carried out.




Site classification schemes in ECS8

In ECS8 the frequency content is described by a
response spectrum. Two Influences on
frequency content are recognized in ECS,
namely:

— the magnitude of earthquake

— the type of ground => various ground types
(Table):

- General geotechnical information
- Approximate depth to bedrock




Site classification schemes in EC8
Ground types (according to Table 3.1 from ECS8)

Ground
type

Description of stratigrafic profile

Rock or rock-like geological formation including most 5m weaker material at the surface, V ;, > 800 m/s

Deposit of very dense sand, gravel or very stiff clay, at least several tens of m in thickness, characterized by a
gradual increase of mechanical properties with depth, V (5, 360 — 800 m/s, N g4, > 50 in granular
materials, c, 5, > 250 kN/m2 in cohesive materials

Deep deposits of dense or medium-dense sand, gravel or stiff clay with thickness from several tens to many
hundreds of m, V5, 180 — 360 m/s, 15 < Ngpy 5, < 50 in granular materials and 70 < ¢, 5, < 250 KN/m? in
cohesive materials.

Deposits of loose-to-medium cohesionless soil (with or without some soft cohesive layers), or of predominantly soft-
to-firm cohesive soil. V ¢ 5, < 180, Ngpr 5, < 15 in granular materials, ¢ , 5, < 70 kN/m? in cohesive materials.

Soil profile consisting of a surface alluvium layer with V 5, values of class C or D and thickness varying between
about 5 and 20 m, underlain by stiffer material with V ¢ 5, > 800 m/s.

Deposits consisting or containing a layer at least 10 m thick of soft clays/silts with high plasticity index (Pl > 40) and
height water content, V, 5, < 100 m/s,10 < ¢ , 5, < 30 KN/m? in cohesive materials

Deposits of liquefiable soils, of sensitive clays, or any other soil profile not included in types A—E or S1




Site classification schemes in ECS8

Site classification entirely relies on a single site
classification variable:

Average Vs over upper 30 m (Vs,30)

Question:

Is 30 m deep enough for site response
determination?




Site classification schemes in ECS8
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Ignoring soll depth to
bedrock may introduce
undesirable level of
uncertainty in ground
motion prediction

Building damage in the 1967 Caracas Earthquake

(Seed at al.)




Seismic hazard maps

According to EC8 ground types should be presented in
zonation maps for seismic-geotechnical hazard which
will be a part of National Annex

An attempt to standardize the assessment of such a
phenomena has been made by Technical Committee for
Earthquake Geotechnical Engineering: Manual for
Zonation of Seismic Geotechnical Hazards
(ISSMFE/TC4,1993)

The manual includes approaches for assessing three
kinds of geotechnical phenomena: local ground
response, slope instability and liguefaction. For each
kind of phenomenon, three grades of approach to
zonation are described => Table




Seismic hazard maps

Three levels of zonation ISSMFE/TCA4, 1999)

Ground
motions

Slope
instability

Liquefaction

Scale of
mapping

Grade 1

Grade-3

historical
earthquakes and
existing
iInformation on
geological and
geomorphological

mapping

omicrotremor
osimplified geotechnical
study

oAir photos and remote
sensing

ofield studies

ovegetation and precipitation
data

oair photos and remote
sensing

ofield studies

ointerview with local residents

geotechnical
investigation
and analyses

1:1,000,000~1:50,000

1:1,00,000~1:10,000

1:25,000~1:5,000




Seismic hazard maps

Purpose (limitations) of zoning maps

The zoning map Is intended for regional
purposes only, such as land use and emergency
response planning, and is not to be used for
site-specific evaluations.

The map can be used with other criteria to help
planners select potential areas for development,
avolid geologically vulnerable areas, and
prioritize seismic upgrading programs.

The map does not replace the need for site-
specific geotechnical evaluations prior to new
construction or upgrading of buildings and other
facilities. => example




Example - Arena

New sports hall Arena Zagreb, World Men's Handball Championship - 2009



Example - Arena

Plan view
- borehole 100m
- down-hole




Example - Arena

Input Spectra mslite reSponse> Site-Specific
(Rock) Design Spectra

 Mapped spectral accelerations (code approach)
 Attenuation relationships

e Seismic hazard analyses




Example - Arena

Input Spectra mslite reSponse> Site-Specific
(Rock) Design Spectra

 Site dependent behaviour (Code Approach)

o Site-specific design spectra - depends on Ground types
o Site specific analyses (1-D, nonlinear, etc.)

e H/V Spectra?




Example - Arena

Down-hole 80 m

P- wave
-depth (m) Vp (m/s)

0- 2 380
2—- 8 700
8—-34 1460
34 - 80 1820

S- wave

-depth (m) Vs (m/s)
0-14 175
4—- 8 228
8 —16 420

16 — 70 410

/0-80 504




Example - Arena
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Example - Arena
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Example - Arena
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Example - Arena

SPEKTAR ODZIVA
Bar

Ulcinj
Ston
Dinara

—— NEPHORIZ response
- EC8_Typel Groundtype_C
spectra

T - prirodni period vibracija (s)




Discussion

Considering the Croatian National Annex

Is there possibility to attribute characteristic
type of solls in Croatia, such as flysch and

marl, to specific Ground types (from EC8)?




Discussion

To which depth should V¢ be recorded?

(Matasovic, 2008) answered:

“Code requires that the soll type is established
based upon Vs (or SPT N) in top 100 ft (30 m).

30 m has been selected because of practicality —
nobody drills more than 30 m anyway (except for

major structures), so why bother.




Discussion

By which method should be the V¢ be recorded?

(Matasovic, 2008) answered:

It depends. If you measure V¢ by either Spectral
Analysis of Surface waves — SASW (preferred method)
or REMI, there Is no reason to limit investigation to top
30 m. Both of these methods can easily reach 100 m or
more, provided that there are no special constraints for
placement of geophones. This is important as site
response analysis requires Vs profile above bedrock.




Discussion

(Rodrigues-Marek, NATO- Workshop, Dubrovnik, 2007)

Comments to American codes:
Use of site categories with appropriately defined
amplification factors:
— Reduction of dispersion in ground motion prediction

— As good as 1D site response analysis (except for soft
clays)
The general “Rock” category of attenuation relationships

should be subdivided into competent rock and
weathered rock/shallow soil site categories




THANK YQOU!




Spectral shapes

Seed et al. (1976)







Spectral shapes

PRE 1994 spectral shapes rc3, 1978




1994 NEHRP workshop

Two factor approach




H/V Ratios

The point of view of a potential user:

— Can we use them to improve site
classification for codes?

— Inversion methods to obtain Vs profiles for
forward analysis

- forward analyses needed to account for soll
nonlinearity

- ... to Implement within PSHA




Data Collection

Site Data

— USGS

— ROSRINE

— SCEC (Vucetic and Doroudian)
— Stewart

— Thiel and Schneider

— Site ViISItS

Ground Motion Data

— Pacific Engineering and Analysis (W. Silva)
database




