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BACKGROUND TO OUR PRESENTATION —LESSONS FROM
CHRISTCHURCH, NEW ZEALAND ERTHQUAKES 2010 TO 2012
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4 SEPTEMBER 2010, 4:35AM, MOMENT MAGNITUDE 7.1, 8 -15 SECONDS.
26 DECEMBER 2010, 10:30AM, MOMENT MAGNITUDE 4.7, 1-1.7 SECONDS.
22 FEBRUARY 2011, 12.51PM, MOMENT MAGNITUDE 6.2, 8- 10 SECONDS.
13 JUNE 2011, 14.20PM, MOMENT MAGNITUDE 6.0, 6-7.5 SECONDS.

7000 EARTHQUAKES AND AFTERSHOCKS HAVE BEEN REPORTED SINCE THE
SEPTEMBER 2010 EARTHQUAKE

SEVERAL EARTHQUAKES RANGING FROM 3.2 TO 6.0 MOMENT MAGNITUDE REPORTED
IN DECEMBER 2011 AND JANUARY 2012.

SEISMOLOGIST PREDICTION THAT AFTERSHOCKS COULD CONTINUE UP TO 30 YEARS.
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Figure 1; Mammum horzontal and vertical PGAs recorded durng the & September 2010 earthquake at Goclet statons Figure 2 Maximum horizonial and vertical PGAs reconded during the 22 Fobruary 2011 earthguake st GeoMet siations
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« DAMAGE TO BRICK AND MASONRY BUILDINGS, LIQUEFACTION AND LATERAL
SPREADING, FLOODING FROM BROKEN WATER AND SEWER PIPES.

« FURTHER DAMAGE TO BUILDINGS ALREADY DAMAGED BY PREVIOUS
EARTHQUAKES.

« 182 DEATHS (June 2011), CATASTROPHIC FAILURE OF PREVIOUSLY DAMAGED AND
UNDAMAGED BUILDINGS, SIGNIFICANT DAMAGE TO HERITAGE AND MODERN
BUILDINGS.

« IRREPARABLE DAMAGE TO MODERATELY DAMAGED BUILDINGS, LIQUEFACTION
AND ROCKFALLS FROM CLIFFS.
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Figure 4.3 Overview of the impact of the 17 February 2011 Christchurch aftershock on the budt
Figure 4.1: Fault rupture length and aftershock sequence for the 4 September 2010 and environment

22 February 2011 events. (Scurce: GNS) l |
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Figure 4.5 (b) Design versus demand — 22 February 2011
Figure 4.5 (a) Design versus demand — 4 September 2010
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SOIL PROFILE VULNERABLE TO LIQUEFACTION AND LATERAL SPREAD

ROLE OF RESEARCH INFRASTRUCTURES IN SEISMIC REHABILITATION




A MULTI-DISCIPLINARY APPROACH TO PROTECTION OF INFRASTRUCTURE FROM SEISMIC ACTIONS

FAILURE
OF SHEAR
WALLS

COLUMN BEAM
FRAMES
VULNERABLE TO
CATASTROPHIC
FAILURE UNDER
REPITITIVE
SEISMIC EVENTS

ROLE OF RESEARCH INFRASTRUCTURES IN SEISMIC REHABILITATION




A MULTI-DISCIPLINARY APPROACH TO PROTECTION OF INFRASTRUCTURE FROM SEISMIC ACTIONS

CURRENT STRUCTURAL DESIGN PRACTICE

SEISMIC ENERGY DISSIPATED WITH YIELDING AT PREDETERMINED LOCATIONS
AND CONTROLLED DEFORMATION.

NON-CATASTROPHIC DAMAGE TO STRUCTURE AND POTENTIAL DAMAGE TO
NON STRUCTURAL COMPONENTS.

ALTERNATIVE STRUCTURAL DESIGN PRACTICE

REPLACEABLE MECHANICAL COMPONENTS IN PLACE OF YIELDING MATERIALS.
PASSIVE AND ACTIVE SYSTEMS THAT MODIFY RESPONSE TO SEISMIC EFFECTS.
CONTROL SYSTEMS THAT ENHANCE PERFORMANCE AND RELIABILITY.

DESIGN FOR INERTIAL AND KINEMATIC EFFECTS IN FOUNDATION SYSTEMS.
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THE MULTIDISCIPLINARY APPROACH

« NON LINEAR TIME HISTORY ANALYSIS FOR
STRUCTURAL SYSTEM.

« MECHANICALLY ENGINEERED COMPONENTS FOR
TRANSLATION AND ROTATION.

« PASSIVE AND ACTIVE DAMPING SYSTEMS FOR
RESPONSE CONTROL.

e MICRO-ELECTRO-MECHANICAL SENSOR AND
RELIABILITY MONITORING SYSTEMS FOR
PERFORMANCE ENHANCEMENT OF COMPONENTS.

e ASSESSMENT AND CONTROL OF GROUND
STRUCTURE INTERACTION AND FOUNDATION
PERFORMANCE DUE TO KINEMATIC EFFECTS.
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STRUCTURAL STEEL CONNECTIONS TO CONCRETE FILLED STEEL TUBES
BEUTEL, THAMBIRATNAM AND PERERA
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Beam Tip Deflection

Beam Tip Deflection
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RESULTS OF STABLE POST YIELD BEHAVIOUR IN BEAMS
FROM EXPERIMENTAL STUDIES
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SUBJECT FOR CONTINUING RESEARCH

MECHANICAL CONNECTIONS WITH SHEAR PINS AND
DAMPING STRUTS
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SHEAR WALL SYSTEMS WITH EMBEDDED DAMPING
MARKO, THAMBIRATNAM AND PERERA
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Damper placed in cut-out of shear wall
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SOIL-PILE INTERACTION IN DEEP LAYERED MARINE SEDIMENT
UNDER SEISMIC EXCITATION PEIRIS, THAMBIRATNAM AND PERERA
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INERTIAL FORCES

KINEMATIC EFFECTS
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INVESTIGATION OF KINEMATIC EFFECTS ON FOUNDATIONS — LATERAL SPREADING
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Coode Island Silt (CIS) (16m)

Superstructure load

Soll elements Pile elements

E = 10MPa, Unit Weight=16kN/m3 v
Lateral
boundary
conditions -
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Fishermens Bend Silt (FBS) (6m) g
E=15MPa, Unit Weight=18 kN/m3 Base b'OU n
conditions
f T 2 2 2 3 3 3 2
E=21MPa, Unit Weight=18.5kN/m3
Moray Street Gravels (MSG) (2m) Selsmic Ioadlng
E=63 Mpa , Unit Weight = 19 kN/m3
Moray Streat Gravels (M5G) (7m) SOIL STRUCTURE INTERACTION MODEL
E = 248 Mpa, Unit Weight = 19 kN/m3

TYPICAL MOVEMENT
SENSITIVE SOIL PROFILE
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uT, U1

VERTICAL
DISPLACEMENT

LATERAL PILE
DISPLACEMENT

VERTICAL
STRESSES

QDB trial-2D-Shearstress.odb  Abaqus/Standard 6,9-1

HORIZONTAL
STRESSES

Step: Earthquake
Increment 0: Step Tirne = 0,000

U1
Deformed Var: U Deforrnation Scale Factor: +1,500e+01

SOIL AND PILE INTERACTIVE ACTIONS
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LIGHTWEIGHT BUILDING COMPONENTS -HYBRID-COMPOSITE
FLOOR PLATE SYSTEM ABEYSINGHE, THAMBIRATNAM AND PERERA
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« GLASS FIBRE REINFORCED CONCRETE SHELL + PERFORATED STEEL
LAMINATE + POLYURETHANE CORE

 50-70% LIGHTER THAN CONVENTIONAL FLOOR PLATE SYSTEMS

« TOTAL SELF WEIGHT REDUCTION OF STRUCTURE - MINIMUM 20%.

« 15-20% REDUCTION OF INERTIAL SEISMIC FORCES EOR 4 TO 20 STOREY
BUILDINGS IN COMPARISON CONVENTIONAL BUILDINGS
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