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ENGINEERING SEISMOLOGY is not a subject taught in
Universities and it is one that requires both scientific and
engineering knowledge. To acquire this it is not sufficient merely to
attend short courses or read papers on the subject, it is necessary
in addition to develop an_intimate knowledge of all aspects of the
subject; much of this can be achieved by studying the effects of
earthquakes in the field. Through the field study of earthquake

effects on engineering structures and on the ground itself, a

unigue opportunity exists to develop an understanding of the
behaviour of full-scale structures, when tested by nature. It IS
only through properly run field studies that ground
and structural failures, liguefaction and slope stability

can be properly back-analysed. Existing building codes
and regulations, as well as the efficacy of their enforcement and
implementation, can be tested only after an earthquake.
Furthermore, field study allows the interaction of ideas and the
testing of theories in situ between members of a mission who are
drawn from different disciplines and helps the young engineer to
choose his line of research on realistic grounds and with
enthusiasm.
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VALIDATION CRITERION: Prediction vs Observation
METRICS (Luco & Cornell, 2007; Jalayer & Cornell, 2009)
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VALIDATION CRITERIA: Prediction vs Observation

CASE A Receiver Operating Curve (Kongar et al., 2015)
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OPTIMAL TRESHOLD: Mathews Correlation Coefficient

PP X NN — NP X PN

MCC =
J(PP + NP)(PP + PN)(NN + NP)(NN + PN) (Powers, 2011)

Area Under Curve (Kongar et al., 2015)
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LIQUEFACTION HAZARD: Indicators

(Boulanger & Idriss, 2014 -2015) «f——ettes
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LIQUEFACTION HAZARD: Validation criteria

Terre del Reno (San Carlo) — May 2012
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LIQUEFACTION HAZARD: Validation criteria

Terre del Reno —May 2012 (M, =6.1)
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LIQUEFACTION HAZARD: Validation criteria
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a) Compute the cyclic
resistance ratio (CRR)
and cap the maximum at
0.6;

LIQUEFACTION HAZARD: Validation criteria
Christchurch — Feb 2011 - (M,=6.2)

ROC curves
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VULNERABILITY OF BUILDINGS

3

1. BUILDING TYPOLOGY N=Negligible
: V.S=Very Slight
Boscardin &
(e.g. GEM taxonomy) Cording (1989) Severe to Very Severe

(3]

2. DAMAGE SCALE

Moderated to severe »

(e.g. FEMA, 1999)
3. ENGINEERING DEMAND

: Slight
S
PARAMETER : %

0 1 2 3 4 5 6 7
Distortion angle (B=L/2R) *10%-3

Horizontal g round strain (m/m)

11 1
B 500 © 300 150
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VULNERABILITY OF BUILDINGS: EDP
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VULNERABILITY OF BUILDINGS: EDP

FACTORS GOVERNING DIFFERENTIAL SETTLEMENTS PREN1997 (2008)

(4)P Calculations of differential settlement shall take account of:

— the occurrence and rate of settlements and ground movements;

— random and systematic variations in ground properties;

— the loading distribution;

— the construction method (including the sequence of loading);

— the stiffness of the structure during and after construction.

PREN1997 (2008)



VULNERABILITY OF BUILDINGS: Numerical modelling
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VULNERABILITY OF BUILDINGS: Influence of building stiffness
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VULNERABILITY OF BUILDINGS: Influence of subsoil variability
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VULNERABILITY OF BUILDINGS: Influence of subsoil variability
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Settlement (p)

Karamitros et al. (2013)

12} son ejecta

‘compressis

(d) sedimentation settlement (e) consolidation settlement
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Bray & Macedo (2017)

Settlement, S: mm

CAV: cmis
1000 2000 3000 4000 5000 6000

Bullock et al. (2018)

INDEX REFERENCE M SUBSOIL BUILDING
NT Foundation bearin
P Karamitros et al., 2013 |a,,,, T?N = r? f |lv(t)|dt | Three-layer 8
r=0 pressure
Building geometry,
Ds Bray and Macedo, CAVdp, Sal Three-layer depth and contact
2017 :
pressure of foundation
Multi-layer Bgﬂdmg geometry,'
Low/high Inertial mass, foundation
Sadj Bullock et al.,2018 CAV ermeabili embedment depth,
P ca ty foundation contact
P pressure




VULNERABILITY OF BUILDINGS: Validation

Dwelling Foundation Damage Categories

Type of Damage Minor | Moderate | Major
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Oto Sto
>
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0to 20to
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Van Ballegooy et al. (2014)
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VULNERABILITY OF BUILDINGS: Validation
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VULNERABILITY OF BUILDINGS: Absolute settlements

ROC CURVES
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VULNERABILITY OF BUILDINGS: Absolute settlements
Christchurch February 22" 2011 - M,,,=6.2 ROC CURVES
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aSadj_Bullock
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«LSN

Sadj (Bullock et al., 2018) 0.63
Dt (Bray Macedo, 2017) 0.63
P (Karamitros et al., 2013) 0.63

LSN (van Ballegooy et al., 0.57
2014)




Christchurch February 22" 2011 - M,,=6.2

- Number of building levels >2

- Three layer subsoil (ESP_,<10%) & *

Moderate damage

Taylor et al. (2015)

PERFORMANCE (MCC)
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VULNERABILITY OF BUILDINGS: Absolute settlements

ROC CURVES
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Christchurch February 22" 2011 - M,,=6.2

- Number of building levels >2

- Three layer subsoil (err<10%)

- Major damage

Taylor et al. (2015)

PERFORMANCE: OPTIMAL THRESHOLDS (MCC)
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VULNERABILITY OF BUILDINGS: Absolute settlements

ROC CURVES

aSadj_Bullock

~Ds_BrayMacedo

—p_Karamitros

FNR

Sadj_mm (Bullock et al., 0.74 =180 mm
2018)
Pdyn_mm (Karamitros et 0.75 =280-290 mm
al., 2013)
Dt_mm 0.89 =320 mm
(Bray & Macedo 2017)




2011/03/11-14:46 38.103N 142.860F 24lan M9.0(CHB(08)

125135514 [gal] —

CHEDO8 (1)

~125.135514 [gal] —

N-S time-series data at K-
NET CHBO00S

9 . O 167.300278 gl -

CHBOOB {2)

FUKUSHIMA | - Dallcht
FUKUSHIMA 1l - Dalnl— "1

~157.300279 [gal] -

E-W time-series data at K-
NET CHB00S

Pacific Ocean

o A ' ‘ Earthquake eplcenter

J A P AN & Damaged nuclear pow er plant

@ Radloactive Contamination




Edo River

) Funabashi ,
"“’a g Narashino

IO ._I R\ .
ﬂa yasumba

Shinkiba i =
in Chiba- |L\

o5

Tokyo-
port Tokyo Bay

Tokyo Bay Y,
L chiha :

)
Yokosuka

) ’poft
B 1985-1996
voona = o [ e
History of reclamation in Miura__5 Pma E :£:£
Tokyo Bay area (Slightly B 1868-1925
modified from Endoh (2004)). 0 5 10km B 1603-1867

1969 1974-1978 1979-1983




URAYASU (CHIBA PREFECTURE) B\

Percentage finer in weight (%)

Grain size (mm)

Horie Higashino Mihama Imagawa
2.chome 1-chome 3-chome  2.chome Takasu 3’ A
Wi=0.90m | WL=-2.99m WL=-3.00m WL=-1.98m WL=-0.50m Ley
SPT-N SPT-N|  SPT-N SPT-N B SPT-N (Tp| ?
7 - 0.0
= — = i» s i B REESEee ﬂg., I i '10.0
" ’ | 200
1 Ac
-30.0
-40.0
-50.0
-60.0
| ]
Old sea wa 700
% -80.0
0.0 500.0 1000.0 1500.0 2000.0 2560.0 3000.0 3500.0 Distance (m)
< >
Boiled sand was observed
=L
. —6— Max M, =85
Sandy silt

Depth (m)

Sandy silt

Soil type

0

10 20 30
N count

00 05

Liquefaction
probability

—8— Max M, =8.0
A~ Max M,, =9.0

Input parameter:

PGA: 142.9 cm/s?

Vs12: 123 m/s

Water table: 1 m

Dry density: 1.76 gicm®
Wet Density: 1.92 g/cm?







aseqele(
|E21UYI91030)

Aaning adewe(




Demand




DAMAGE ON PIPELINES

Ground settlements
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DAMAGE ON PIPELINES
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DAMAGE ON PIPELINES
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DAMAGE ON PIPELINES
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DAMAGE ON PIPELINES
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LIQUEFACTION RISK ASSESSMENT
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LIQUEFACTION RISK ASSESSMENT

OBSERVED DAMAGE

(O VERY LOW (DAMAGE<20%)
O LOW (20% < DAMAGE < 40%)

%5

LOCALIZATION

© MEDIUM (40% < DAMAGE < 60%)
@ HIGH (60% < DAMAGE < 80%)

@ VERY HIGH (60% < DAMAGE < 99%)
@ COMPLETE (DAMAGE = 100%)

DEFINITION

UANTIFICATION

EXPECTED DAMAGE

(O VERY LOW (DAMAGE<5%)
O LOW (5% < DAMAGE < 10%)

© MEDIUM (10% < DAMAGE < 30%)
@ HIGH (30% < DAMAGE < 70%)

San Carlo (Terre del Reno) @ very icH pamace=70%)




LIQUEFACTION RISK ASSESSMENT
| MITIGATION UNIT COST = 20,00 €/m? }
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LOCALIZATION

DEFINITION

QUANTIFICATION |-

Benefit/cost analysis for the mitigaton against
liquefaction for civil buildings in Terre del Reno
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ab HP: Mitigation Cost '

100,00 €/mc

LOCALIZATION

DEFINITION LEGEND

Annual Liquefaction Risk vs Jof
Annual Mitigation Cost | °

it>
O Benefit > Cost LEGEND

QUANTIFICATION o swicoms | 288 7 =

Benefit/cost analysis for the mitigaton against
liquefaction for industrial buildings in Terre del
Reno
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DEFINITION

Legend
[ 0.00-0.01
| 0.01-0.02

QUANTIFICATION

M o.02-0.03

Annualized probability of damage on pipilines in
Urayasu (Japan)
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LIQUEFACTION RISK ASSESSMENT
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LOCALIZATION

Traffic Flow
[veh/day]
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QUANTIFICATION

Predicted modification of the traffic flow in the
area of Terre del Reno (ltaly)







