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Welcome
On behalf of the New Zealand Society for Earthquake Engineering, it is our pleasure to welcome you to Christchurch
and the 2003 Pacific Conference on Earthquake Engineering.
We have put together an exciting conference programme of state-of-the-art addresses, oral and poster sessions,
incorporating new information across a full range of topic areas including engineering seismology, geotechnical
engineering, structural engineering, lifelines systems, emergency management, social and economic issues and
other international issues.
A special welcome is extended to our keynote speakers and international guests. With more than 15 countries
participating in this conference, it is truly an international event.
The programme also allows time for informal exchange of technical experience and understanding, and we hope
you will take this opportunity to maximise the benefit of your attendance at PCEE 2003.
Along more relaxing lines, we have offered a range of social activities, including a selection of tours for
accompanying persons, who we also welcome to the conference.
An especially warm welcome is extended to those of you who are visiting Christchurch for the first time.
Christchurch is friendly and relaxing, the shopping is outstanding and there is a marvellous range of restaurants,
cafes and bars for you to enjoy.
We wish you a stimulating and successful conference experience, and trust you enjoy your time in Christchurch.

Bruce Deam
Convenor, PCEE Organising Committee

Richard Sharpe
President, NZSEE
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their products, take some home. Organised by award-winning
food writer Mavis Airey. Tastings include a selection from
farmhouse cheese, award-winning wine, salmon, ostrich, olive
products, honey, cider, mead, nut products, and handmade
chocolates.

Social Programme
Registration and Welcome Reception
Wednesday 12 February 5.00-6.00pm in the Central Lecture
Theatre foyer.
Included in full registration fee and for those others who have
pre-booked and paid.

Price: $80 per person includes transport, tastings, and
refreshments

International Antarctic Centre - Half-day
morning excursion, Saturday 15 February

Thursday Social Hour
Thursday 13 February, immediately after the close of the last
session, in the ‘School of Engineering’, University of
Canterbury.

Visit one of Christchurch’s top attractions. The International
Antarctic Centre is the home of the United States, Italian and
New Zealand Antarctic Programmes.
The cost includes coach transfer, introductory talk, tour of the
International Antarctic Centre, a Hãgglund ride (the actual
tracked vehicle used in Antarctica - adventure course and
‘behind the scenes’ tour) and morning tea.

Conference Dinner
Friday 14 February, 7.00pm, Hotel Grand Chancellor, 161
Cashel Street.
Included in full registration fee and for those others who have
pre-booked and paid.
Buses will depart from the halls of residence, Academy Motor
Lodge and Chateau on the Park to the dinner. Please check the
departure time relevant to your accommodation on your dinner ticket.

Price: $40 per person

Conference Information
Audio Visual for Presenters
It is recommended that all presenters check any audio visual
equipment before their presentation. A technician will be available to assist presenters, based in the Central Lecture Theatre
block. Student assistance is available in each room.
A speakers’ preparation room is located on the ground floor of
the Central Lecture Theatre block.
Each lecture theatre has a slide projector, an overhead projector, and equipment for voice amplification. Facilities for electronic presentation using Microsoft Powerpoint operated from
a PC are also included. Speakers using Powerpoint should
make themselves known to the conference technician, preferably at least two hours before their scheduled presentation
time.

Accompanying Persons
Programme
For those of you who have pre-booked and paid: tickets
are in your registration envelope. Some tours are still available-see the conference registration desk for details.

Akaroa - Day Excursion, Thursday 13
February
Akaroa - “Long Harbour”, is a romantic seaside town on Banks
Peninsula where Maori, French and English culture combine
with the churches, galleries, historic cottages and beautiful
scenery, to make this a unique destination.
Depart Christchurch at 10am and travel along the Summit
Road with panoramic views of the city, the Canterbury Plains
and Lyttelton Harbour. Arrive at Akaroa with time to explore
the town and its galleries before lunch around midday at a
local restaurant. Board the Canterbury Cat at 1.30pm for a two
hour cruise to view Hector dolphins, white flippered penguins,
fur seals and a wide range of marine and bird life. 3.30pm
return to Christchurch via Barry’s Bay Cheese Factory, the
Canterbury Plains and Lake Ellesmere, arriving Christchurch at
5pm.

Messages
The contact number for the Conference Registration Desk is
+64 3 366 7001, extension 4840.
All messages for delegates will be posted on a message stand
near the registration desk. Please check the stand regularly.
Information regarding the conference will also be displayed on
the notice board.

Name Badges
Admission of delegates to all sessions, morning and afternoon
teas and lunches, is by conference name badge only.
Delegates are requested to wear their name badge at all times.

Posters

Price: $135 per person includes hotel/motel pick up, lunch
and cruise

The Poster Session is in the upstairs foyer of the Central
Lecture Theatre Block from 9.20 - 10.20am on Friday morning.
Authors are asked to be available at their posters for discussion during this session.
Each poster board is numbered and a list showing these
details is at the back of this book.

Wine and Food Gourmet Tour - Half-day
afternoon excursion, Friday 14 February
Departing at 1.30pm from Central Lecture Theatre Block at the
University of Canterbury to visit some of Canterbury’s finest
wine and food producers. Watch the makers at work, taste

General Information - Accommodation - Contact Details
The International Country Code for New Zealand is +64; for Christchurch: +64-3

College House

100 Waimairi Road

Academy
Motor Lodge

62 Creyke Road Ilam

Phone 351 9347

Fax 351 6027

189 Deans Avenue
Riccarton
Cnr Durham and
Kilmore Streets
14 Cathedral Square

348 8999

348 8990

354 4699

366 6302

365 1111

365 7676

Chateau on the Park
Copthorne Durham
Street Hotel
Millennium
Christchurch

Delegates staying at College House will have direct dial
facilities in their rooms. Phone 341 1500 and the extension
number allocated on check in. Fax 364 2101
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Banking

Pharmacy

ATM machines are located next to the University Bookshop, in
the foyer of the Central Library and at the carpark entrance to
the Students’ Association building.

Students’ Association Building, ground floor. Open Monday Friday 8.30am-5.30pm. Phone ext. 6215.
Church Corner Amcal Chemist, 376 Riccarton Road. Phone 348
6397, open Monday to Friday 8.30am-8.30pm; Saturday 9am8.30pm; Sunday 9.30am-8.30pm.

Cell Phones
You are kindly requested to have your cell phone turned off
while in any of the conference sessions or workshops.

Photocopying

Catering

Monday to Friday only, 8.30am-5.00pm in the Copy Centre,
Central Library (rear of Level 2).

Lunches and morning and afternoon teas will be provided in
both the upstairs and downstairs foyers of the Central Lecture
Theatre Block. Please note that no food or drink is to be taken
into the lecture rooms.

Post Office
Students’ Association Building, ground floor for postal
services: The nearest Post Shop is at the corner of Maidstone
and Waimairi Roads, open 8.30-5.30 Monday to Friday, 8.30-12
noon Saturday.

Dining Out
The following list is not complete, but offers a few suggestions
for evening dining close to the University.

Public Transport

Within walking distance

Buses depart for the city every 30 minutes (on the hour and
half hour) from the bus stop opposite the School of
Engineering on Creyke Road and every 15 minutes from the
bus stop outside the Student Association Building on Ilam
Road (every 30 minutes after 7.30pm). Please check the time
of the last bus at night. BusInfo phone:366 8855.

Bush Inn Cobb and Co (fully licensed, family style dining) 364
Riccarton Road
Foo San Restaurant (BYO, Chinese) 6 Rountree Street, off Ilam
Road

Shopping

Tuskers Bar and Bistro (licensed bistro dining) Church Corner,
Yaldhurst Road

The closest shopping malls are Fendalton Mall, Memorial
Avenue (15 minutes walk); Bush Inn Centre, Riccarton Road
(15 minutes walk); Riccarton Mall, Riccarton Road (25 minutes
walk).

Tandoori Palace (fully licensed, Indian) 71 Ilam Road.

Suburban Cafés
Misceo (fully licensed café style, gourmet pizzas, bar snacks)
Cnr Ilam and Clyde Rds

Smoking
Smoking is not permitted in the Central Lecture Theatre Block
or inside any building on Campus.

Merrin Street Cafe (fully licensed Pacific Rim cuisine)
Avonhead Shopping Centre

Taxis

Fine Dining
Rotherhams of Riccarton (fully licensed New Zealand
European cuisine) 42 Rotherham Street Riccarton

Corporate Cabs
Gold Band
Blue Star

Fast Food

Telephones

Campus Corner, corner Rountree Street and Ilam Road (5
minutes’ walk) - fish and chips, Chinese.

There are two telephones located in the downstairs foyer of
the Central Lecture Theatre Block. These are available, free of
charge, for local calls only. Dial 1 for an outside line.

Clyde and Riccarton Roads corner (15 minutes’ walk) - ethnic,
Chinese, fish and chips

379 5888
379 5795
379 9799

A card/coin operated telephone is available in the Registry
concourse - 8.30am-5.00pm, open weekdays.

Email Facilities

Please note that cell phones should be switched off before
entering the lecture theatres.

Delegates wishing to check their email may purchase a user
code from the conference desk for $10. This gives use of
University facilities from 8.30-5.00pm, Wednesday 12 Saturday 15. You will be directed to a specific laboratory.

University Bookshop
Hours: 8.30am-5.30pm, Monday to Friday 10.00am-3.00pm
Saturday.

Emergency Medical Assistance

Not open Sunday. Phone 364 2043

Riccarton Clinic, 6 Yaldhurst Road. Phone 343 3661.

Books and stationery only.

Open 8.00am-10.00pm 7 days.

University Recreation Centre

After Hours Surgery, corner Bealey Avenue and Colombo
Street. Phone 365 7777.

Delegates are welcome to access all services and facilities at
the University Recreation Centre. Please present your
conference name tag for entry and concessions. For all
bookings, hours, timetables, information etc - phone 364-2433
or ext 6433

Hours: 5.00pm-8.00am Monday to Friday, 24 hours Saturday
and Sunday.

Faxes

University Staff Club

Faxing facilities are available at the Copy Centre in the Central
Library (rear of Level 2) Monday to Friday only, 8.30am 5.00pm.

87 Ilam Road
Open Monday to Friday evenings 4.30-7.00pm - cash bar
operates. Please wear your conference name badge.

Parking
As this is a semester break, parking is available in any
unnamed carpark.
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the University of Alberta and Northwestern University, and
received an Honorary Doctor of Science from McMaster
University in 2002. He has received many awards and is a
Fellow of both the Canadian Society for Civil Engineering and
the Canadian Academy of Engineering. Art is a member and
former chair of Canadian National Committee for Earthquake
Engineering (CANCEE); this committee is responsible for
developing and recommending the seismic loading provisions
of the National Building Code of Canada (NBCC). His is also a
member of its steering committee. In addition, he is a member
of the Board of Directors of the Canadian Academy of
Engineering, and Chair of the Academy's Development and
Implementation Committee.

Keynote Speakers
Professor John Mander –
sponsored by the
Earthquake Commission
John received his PhD from the
University of Canterbury in 1984, where
he now holds the Chair of Structural
Engineering. Prior to 2000 he was on the
faculty of the State University of New
York at Buffalo where he also served as a
consultant to the Federal Emergency Management Agency
(FEMA), United States Geological Survey (USGS), National
Institute of Building Sciences (NIBS) and industry in the United
States, Canada, Europe and New Zealand. John specialises in
the seismic design, evaluation and retrofit of concrete, steel
and timber structures. He has conducted numerous field and
laboratory experiments on nonductile bridges, substructure
elements, bearing, dampers and mechanical energy
dissipating devices and holds several patents in this area.

Associate Professor Mike
Griffith – sponsored by
Robinson Seismic
Mike is currently an associate professor
in the Department of Civil and
Environmental Engineering at the
University of Adelaide, Australia and
President of the Australian Earthquake
Engineering Society. He has degrees
from Washington State University, and a PhD from the
University of California, Berkeley in 1988. He has had over five
years consulting experience as a structural engineer
specialising in structural dynamics and earthquake
engineering. As a structural engineer with Robert Cloud
Associates in Berkeley, California between 1984 and 1987, he
specialised in the earthquake analysis and design of piping
systems in nuclear power plants. He is currently involved with
specialist consultant work for engineering firms in the field of
earthquake engineering. Mike is a member of the joint
Australia-New Zealand Standards Committee responsible for
the harmonization of the Earthquake Loading Standard. His
current research focuses on trying to develop improved
methods for seismic assessment of unreinforced brick
masonry buildings. Mike’s other recent research activities
have involved investigations into the non-linear dynamic
response of reinforced concrete frames and seismic retrofit of
concrete columns using composite plating techniques.

Chris Poland – sponsored by
the Earthquake Engineering
Research Institute and
Benfield Greig
Chris is Chairman, President, and CEO of
Degenkolb Engineers, one of the US
West Coast’s foremost structural
engineering firms specializing in
earthquake engineering. Chris is also
currently serving a two-year term as the President of the
Earthquake Engineering Research Institute (EERI). During his
28-year career with Degenkolb in San Francisco, Chris has
managed and supervised projects of all construction types,
including structural design, seismic retrofit and rehabilitation,
and historic preservation, for private companies and public
institutions interested in reducing earthquake hazards,
preserving life, and ensuring ongoing operations. He has also
contributed significantly to the structural engineering
profession through his participation in developing important
state and federal standards and guiding associations such as
EERI. Under his current leadership as President, EERI is in the
process of advocating a major expansion in earthquake
engineering research and expanding its outreach activities by
serving as an expert resource to the public on understanding
risks and reducing the losses. Chris has played a major part in
developing a wide variety of guidelines and standards,
including serving as the principal author for ATC 14 and the
ICSS Standard RP-4. He chairs the ASCE Rehabilitation
Standards Committee, currently in the process of converting
both FEMA 310 and 356 into standards for use by building
officials. Previously, Chris served as Chairman of the Vision
2000 Committee of SEAOC, which developed PerformanceBased Seismic Engineering of Buildings: Interim
Recommendations, published in 1995.

Dr Graham Shorten sponsored by the Ministry
of Civil Defence &
Emergency Management
Graham has worked for 30 years in the
fields
of
engineering
geology,
geotechnical engineering and disasterrisk
assessment
in
academic,
government and applied organisations
including Queensland Department of Mines, Mineral
Resources Department Fiji, CSIRO Geomechanics,
Queensland University of Technology (QUT) and, most
recently, the South Pacific Applied Geoscience Organisation
(SOPAC). He has spent much of that time involved in applied
and research projects on natural hazards in the Pacific Islands.
Graham has a PhD from the University of Sydney, Department
of Civil and Mining Engineering, and an MSc in engineering
geology from the University of Queensland. He has authored a
number of papers on earthquake microzoning and the impacts
of earthquakes on ground failure. Graham now operates a
private consultancy, Environmental & Community Risk
International in Brisbane, but, at this conference, is primarily
representing SOPAC and the significant body of work carried
out there, including the applications of earthquake engineering
and risk analysis in the major capitals of the Pacific.

Professor Arthur Heidebrecht
sponsored by the Building
Industry Authority
Arthur (Art) is a professor emeritus of
McMaster University, having taught there
since 1963 where he was twice Chairman
of the Department of Civil Engineering
and Engineering Mechanics, as well as
having served as Dean of Engineering
and Provost/Vice-President, Academic. He has degrees from
iv

Conference Programme
Time

Wednesday 12
February

8:00 - 8:20 am
8:20 - 8:40 am
8:40 - 9:20 am
9:20 - 10:20 am
10:20 - 10:50 am
10:50 - 12:30 pm
12:30 - 1:10 pm
1:10 - 1:50 pm
1:50 - 3:10 pm
3:10 - 3:40 pm
3:40 - 5:00 pm
5:00 - 6:00 pm

Registration
Reception Function

Thursday 13
February

Friday 14
February

Saturday 15
February

Registration
Conference Opening
Keynote Session 1
Streamed Technical
Session 1

Registration

Registration

Keynote Session 3

Keynote Session 5
Streamed Technical
Session 8

Streamed Technical
Session 2

Tea/Coffee
Streamed Technical
Session 5
Lunch

Streamed Technical
Session 9

Keynote Session 2

Keynote Session 4

Streamed Technical
Session 10

Streamed Technical
Session 3

Streamed Technical
Session 6
Tea/Coffee
Streamed Technical
Session 7
NZSEE AGM

Streamed Technical
Session 4
Social Hour

7:00 pm -

Poster Session

Conference Review

Conference Dinner

Thursday 13 February Detailed Session Information
8:40 - 9:20 – Keynote Session 1 (C1 - David Middleton)
Improving Linkages Between Earthquake Engineering Research and Practice
Professor John Mander
9:20 - 10:20 – Streamed Technical Session 1
1.1 - Structural Base Isolation
(C1 - Les Megget)

1.2 – Bridges
(C2 - Donald Kirkcaldie)

1.3 – Lifelines
(C3 - David Hopkins)

• Experiment of a Sliding Isolated Structure
Subjected to Near-Fault Ground Motions L.-Y.Lu
• Impact of Decentralized Semi-Active Control
on the Stability of Tall Structures Under
Seismic Loading - J.G.Chase
• Structural Design of a Seismic Isolated
Building With a Guyed tower - K.Saito

• Wave-Passage Effect on the Seismic
Response of Long Bridges - J.Wang
• An Experimental Study into the Distribution
of Earthquake Forces in Steel Plate Girder
Bridges - L.P.Carden

• Lifelines and Earthquakes: a Review of
New Zealand's Key Vulnerabilities D.R.Brunsdon
• Natural Hazards Risk Associated With
Petroleum Storage, Wellington Region,
New Zealand - P.Brabhaharan
• Modelling the Spread of PostEarthquake Fire - W.J.Cousins

10:50 - 12:30 – Streamed Technical Session 2
2.1 - PEER Performance-Based
Earthquake Engineering (PBEE)
(C1 - John Mander)

2.2 - Piles and Bridge Foundations
(C2 - Kevin McManus)

2.3 - Hazard Assessment:
Methodology and Examples
(C3 - Russ Van Dissen)

• A Framework for Performance-Based
Earthquake Engineering - G.Deierlein
• Barriers to Adoption and Implementation of
PBEE Innovations - P.May
• Building Specific Loss Estimation for
Performance Based Design - E.Miranda
• Collapse Performance Prediction of RC
Frame Structures - J.P.Moehle

• Gapping Effects on the Lateral Stiffness of
Piles in Cohesive Soil - S.Pranjoto
• A Pseudostatic Approach for Seismic
Analysis of Piles in Liquefying Soil D.S.Liyanapathirana
• Development of Analytical Procedure for
Estimating Effects of Liquefaction-Induced
Ground Flow on Bridge Foundations K.Tamura
• Performance of Retrofitted Pile Foundations
Subjected to Seismically Induced Lateral
Spreading - T. H.Abdoun
• Seismic Safety Retrofit of a Major Bridge– a
Canadian Study - U.D.Atukorala

• Recent Paleoearthquakes of the Porters
Pass Fault and Hazard Posed to
Christchurch, New Zealand M.E.Howard
• Uniform Approach to Probabilistic
Region- and Site-Dependent Seismic
Hazard Estimation - V.Yu.Sokolov
• Improving the New Zealand Seismic
Hazard Model - M.Stirling
• Seismic Assessment for an Industrial
Facility in Dunedin - M.O'Brien
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Thursday 13 February Detailed Session Information (continued)
1:10 - 1:50 – Keynote Session 2 (C1 - David Brunsdon)
International Visions and Goals for the Earthquake Engineering Research Institute
EERI President Chris Poland
1:50 - 3:10 – Streamed Technical Session 3
3.1 - Seismic Loadings Standard Workshop
(C1 - Art Heidebrecht)
• The Development of the Joint New Zealand and Australian
Earthquake Loading Standard - A.B.King
• From Hazard Maps to Code Spectra for New Zealand G.H.Mcverry

3.2 - Liquefaction Mitigation
(C2 - Mick Pender)
• Desaturating Sand Deposits by Air Injection for Reducing
Liquefaction Potential - M.Ishihara
• Seismic Design of a Highway in Pumiceous Land - W.Okada
• An Assessment of the Liquefaction Susceptibility of Adapazari Silt
– R.B.Sancio
• Seismic Lateral Response of Piles in Liquefying Soil D.S.Liyanapathirana

3:40 - 5:00 – Streamed Technical Session 4
4.1 - Structures Precast Frames
(C1 - Craig Stevenson)

4.2 - Retaining Walls and
Embankments
(C2 - John Berrill)

4.3 - Fault Rupture Hazard
(C3 - Mark Stirling)

• Sesimic Performance of Reinforced Concrete
Perimeter Frames with Slabs Containing
Precast Units - D.B.N.Lau
• Preliminary Experimental Results and
Seismic Performance Implications of Precast
Floor Systems With Detailing and Load Path
Deficiencies - J.Matthews
• Background to the testing of a Precast
Concrete Hollowcore Floor Slab Building D.K.Bull
• Seismic Structural Damage Assessment of
Reinforced Concrete Framed Structures P.Dong

• Displacement of Gravity Retaining Walls
Under Seismic Loading - M.Okamura
• Effect of Earthquake Shaking on
Displacement of Earth Retaining Structures
- P.Brabhaharan
• Geotechnical Seismic Evaluation of Bridge
Abutments in Southeast Missouri - Y.Munaf
• Optimal Ground Motion Intensity Measures
for Assessment of Seismic Slope
Displacements – T.Travasarau

• An Interim Classification of New
Zealand’s Active Faults for the
Mitigation of Surface Rupture Hazard R.Van Dissen
• Illustrations of Historic and Pre-Historic
Surface Rupture of Active Faults in New
Zealand - R.Van Dissen
• Building Adjacent to Active Faults: a
Risk-Based Approach - A.B.King
• Relative Displacement Across Faults:
Measuring Slip Rates When Both Sides
are Uplifting - G.J.Huftile

Friday 14 February Detailed Session Information
8:40 - 9:20 – Keynote Session 3 (C1 - Andrew King)
Seismic Design Implications of Revisions to the National Building Code of Canada
Emeritus Professor Arthur Heidebrecht
9:20 - 10:20 – Poster Session
• Project “E-Defense” Introduction of E-Defense - K.Ohtani
• Project “E-Defense” Technical Development of Mechanical
Components - T.Harada
• Project “E-Defense” Control System Architecture - O.Rood
• A Simplified Evaluation Method for the Seismic Performance of
Underground Common Utility Boxes - T.Nishioka
• Computer-Aided Strengthening of Steel and Reinforced Concrete
Telecommunication Poles - E.Kalkan
• Lateral Dynamic Soil Stiffness for Partially Embedded Foundations
in Heterogeous Soils - T. N.Nogami
• Seismic Stability of Mt. Frederick Sidecast - C.W.Krumdieck
• H_Infinity Direct Output Feedback Control of Structures - C-C.Lin
• Hybrid Steel-Concrete Connections Under Reversed Cyclic Loading
- B.Li
• Structural Uplift Induced by Near-Source Earthquakes - Y.Naito
• The Relationship Between Overstrength and Members Ductility of
R.C. Moment Resisting Frames - M.Mahmoudi

2003 Pacific Conference on Earthquake Engineering

• Stiffness-Strain Relationship of Singapore Residual Soils - E.C.
Leong
• In-Situ Measurement of Shear Wave Velocities At Two Soft Soil
Sites in Singapore - E.C. Leong
• A Simple Method for Stochastic Dispersion of Earthquake Waves J.Wang
• Stationarity of Seismic Noise and SPAC: Results of a New
Approach - F.J.Chavez-Garcia
• Responding to Earthquake Hazard Effects: Promoting Household
Resilience and Preparedness - D.Paton
• A Constitutive Model for Concrete Cylinders Confined by Steel
Reinforcement and Carbon Fiber Sheets - Y-F.Li
• Fragility Curves for Seismically Retrofitted Concrete Bridges - S-H
Kim
• Artificial Neural Network (ANN) Modelling for Earthquake Damage
Detection in Water Distribution System - S.Takada
• Improvement of Building Machinery for the Rescue of Persons
Buried Alive - S.G.Gentes

Friday 14 February Detailed Session Information (continued)
10:50 - 12:30 – Streamed Technical Session 5
5.1 - Structural Frames
(C1 - Richard Fenwick)

5.2 - Structural Modelling
(C2 - Peter Moss)

5.3 - Site Effects
(C3 - Nelson Lam)

• Displacement Capacity of Dual Reinforced
Concrete Building Systems - T.Paulay
• Estimation of Seismic Strength of RC
Frames Designed for Gravity Loads in Korea
- Y.W.Lee
• Seismic Performances of Reinforced
Concrete Frames Under Low Intensity
Earthquake Effects – B.Li
• Analytical Model for Beam to Column Joints
in RC Moment Resisting Frames - S.R.Uma
• Estimation of Shear Strength of Reinforced
Concrete Interior Beam-Column Joints by
Using a Database of Experimental Results T.Kusakari

• Mass-Eccentric Building Structures: Effects
of Asymmetric Distribution of Axial Forces in
Vertical Resisting Elements - M.De Stefano
• A Proper Member Model for Member
Flexural Behaviour At the Fixed-Ends - A.Liu
• Multi-Surface Strength Model for Concrete
Beam-Column Joints Subjected to Cyclic
Loading - S.C.Fan
• Cyclic Strut-and-Tie Modelling of Reinforced
Concrete Structures - N.H.T.To
• The Generation of Inelastic Response
Spectra for Earthquake Acceleration
Records - A.J.Carr

• Waves, Layers, Microtremors,
Earthquakes – Lessons From Four Soft
Sites - W.R.Stephenson
• Evaluation of Parameters of Future
Earthquakes for Purposes of Seismic
Zonation and Hazard Assessment V.Yu.Sokolov
• Testing the Extensibility of an
Earthquake Vulnerability Microzonation
Methodology by Application at Bargara,
Queensland - M.Turnbull
• The Influence of Ground Motion
Characteristics on Site Response
Coefficients - R.A.Green

Keynote Session 4 (C1 - Richard Sharpe)
Achievements and Future Challenges for Earthquake Engineering in Australia
Associate Professor Mike Griffith
1:50 - 3:10 – Streamed Technical Session 6
6.1 - Dynamic Analysis
(C1 - Athol Carr)

6.2 - Structural Timber
(C2 - Bruce Deam)

• A New Algorithm for Non-Linear Dynamic
Structural Analysis - B.W.Golley
• Probabilistic Seismic Hazard Analysis of
Semi-Active Control of Tall Structures J.G.Chase
• Seismic Engineering for a Replacement
Research Reactor in Australia - K.Kayvani
• An Efficient Model for Seismic Analysis of
Building Structures With the Effect of Floor
Slabs - D-G.Lee

• Full Sized House Cyclic Racking Test S.J.Thurston
• The Effect of Eccentric Overturning
Restraint in Complete Shear Wall
Assemblies - S.E.Pryor
• Earthquake Duration Effects on Very Low
Cycle Structural Damage Estimates J.W.Van De Lindt
• Comparison of Pseudo-Dynamic Test and
Inelastic Time History Computer Analysis S.J.Thurston

6.3 - Earthquake Attenuation
and Particle Motion
(C3 - Euan Smith)
• The Component Attenuation Model for
Low and Moderate Seismic Regions N.T.K.Lam
• Average Response Spectra from some
Australian Earthquakes - T.I.Allen
• Factors Bounding Prograde RayleighWave Particle Motion in a Soft-Soil
Layer - W.R.Stephenson

3:40 - 5:00 – Streamed Technical Session 7
7.1 - Structural Design Methods
(C1 - Des Bull)

7.2 - Structural Materials
(C2 - Richard Sharpe)

• Seismic Displacement Response Predictions
Using a Calibrated Substitute Structure
Approach - M.R.Edwards
• Displacement Focussed Seismic Design
Methods - a Comparative Study - H.J.Judi
• Parametric Study of Reinforced Concrete
Walls With Irregular Openings - H.Wu
• Investigating the Load Paths of RC Shear
Wall With Openings Under Reversed Cyclic
Loadings - H.Wu

• Development of the Network for Earthquake
Engineering Simulation - R.Reitherman
• Seismic Performance of Internal BeamColumn Joints With Grade 500
Reinforcement - L.M.Megget
• Assessing the Seismic Performance of
Reinforcement Coupler Systems - A.Bai
• Grade 500 Reinforcement: Design Issues
With L, N and E Grade Reinforcing Steel and
the Overstrength of Pacific Steel Micro Alloy
Reinforcement – C.J.Allington
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7.3 - Earthquake Case Histories
and Instrumental Measures
(C3 - Hugh Cowan)
• Caracas Earthquake, 1967, Revisited R.I.Skinner
• Modeling Magnitude Distribution for
Local Hazard Evaluation: a New
Approach - G.Grandori
• Instrumental Measures of Earthquake
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Keynote Session 1 - Professor John Mander
Location: C1

Chaired by David Middleton

Improving Linkages between Earthquake Engineering Research and
Practice
John Mander1
In many fields of professional engineering, individual researchers, funding agencies,
practicing professionals, end users and owners are often perplexed about the long drawnout time frame needed from research to practice. This is especially the case for
earthquake engineering due to the very broad nature of the discipline that transcends the
boundaries of basic earth science, professional engineering, through the emerging areas
of the social sciences. From the inception of new ideas, concept development, basic and
applied research, product development, codification to final mainstream practice,
considerable time is needed for success. To help understand this process from research
to practice, three simple behavioural models are given: series, parallel and open market.
These models are explained by critical review of seven case studies. It is shown from the
most successful cases from research to practice that earthquake engineering is a
collaborative engagement between academia, the design professions and industry. It is
concluded that for new ideas to be mainstreamed into general practice, enhanced
undergraduate programmes are needed along with design professionals that can also
teach and conduct basic research.
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Experiment of a Sliding Isolated Structure Subjected to Near-fault Ground
Motions

Impact of Decentralized Semi-active Control on the Stability of Tall
Structures under Seismic Loading

Lyan-Ywan Lu1, Ming-Hsiang Shih1, S.-W. Tzeng1 and C.-S. Chang Chien1

Geoff Chase1, Luciana Barroso2 and Steve Hunt1

In this paper, the experimental results of a shaking-table test that was performed on a
sliding isolated structure subjected to a near-fault and a far-field ground motions are
presented and compared. In the test, a set of pulse accelerations with various pulse
periods were also artificially generated and imposed on the isolated structure, in order to
study the effect of the pulse wave component possessed in a near-fault earthquake.
Based on the test data, several effects of near-fault earthquakes on the response of the
isolated structure are investigated and discussed. These effects include the vertical
ground motion, the over-turning moment of the structure and the period of the pulse
wave, etc. The test results show that the pulse component in the near-fault earthquake
wave can lead to an isolation motion similar to resonant response. As a result, and the
isolator displacement of the sliding isolated structure is considerably amplified in the
near-fault earthquake as compared with that in the far-field earthquake.

Recent research in the area of semi-active control has led to the development of an
impressive array of smart dampers and resetable devices. These actuators typically
employ control algorithms that are a function of local structural response measurements.
However, the structural response of tall structures under seismic loading can have
significant contribution from higher modes that can negatively interact with the
decentralized nature of the control laws. The interaction of higher modes, non-linear
effects and decentralized control on the stability of tall structures is investigated for the
SAC-9 steel, moment resisting frame structure. The research is presented in terms of
semi-active resetable actuators that use the compressibility of air to create non-linear
springs that optimally release stored energy before it is returned to the structure. The
action of these devices is governed by local measurements of relative velocity and
displacement that can lead to actuator-to-actuator interaction when higher modes are
present in the response. These interactions are shown to be a function of non-linear
effects and higher mode contributions that result in increased permanent deformations,
accelerations and structural hysteretic energy. Highly effective control architectures that
mitigate these effects are presented in contrast.

Keywords: near-fault earthquake, seismic isolation, shaking table test, sliding bearing,
friction pendulum system

Keywords: semi-active, structural control, decentralized, non-linear control, hysteresis,
SAC-9
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Structural Design of a Seismic Isolated Building with a Guyed Tower

Wave-passage Effect on the Seismic Response of Long Bridges

Kenji Saito1, Hiroaki Tadokoro1, Masateru Hayashi1, Takeshi Tsuchiya1,
Kohei Sumimura1 and Ikuhide Shibata2

Jiachen Wang1, Athol Carr1, Nigel Cooke1 and Peter Moss1

A large seismic-isolated telecommunications building with a guyed mast tower was
planned to be constructed upon liquefiable subsoil. The foundation and superstructure
have to be designed taking soil conditions into account. In order to penetrate the soft soil
layers to reach the underlying firm layers, a continuous wall pile system was adopted.
For seismic analysis, seven seismic waves were used to measure the dynamic response.
The results showed that the higher modes of the site waves were dominated the
structural response. To reduce this response, viscous wall dampers were installed in the
building. The project was therefore able to be achieved, and through the application of
various structural means such as continuous wall piles, seismic isolators, viscous
dampers and by conducting a thorough seismic analysis, the level of safety of the
structure was greatly improved.

The effect of the spatial variation of seismic ground motions on the response of bridge
structures has been of concern for decades. However most of these studies focus on the
elastic behaviour of the structure. In this paper, a study of the inelastic response of an
irregular bridge with piers of different heights subjected to travelling seismic motion is
presented. The time-history responses of bridge models were produced using a 3D
computer program. Parametric analyses using different propagation velocities of the
seismic waves and different natural accelerograms were conducted to assess the wavepassage effect on the response of a bridge. The response of the bridge to asynchronous
input motions at different pier bases consists of two components: a dynamic component
induced by the inertia forces and a so-called pseudo-static component, due to the
difference between the adjacent support displacements. It was observed that the
propagation velocity of the seismic waves had a significant effect on the response of the
bridge. When the travelling wave velocity was low, the response was dominated by the
pseudo-static component. As the travelling wave velocity increased, the pseudo-static
component reduced considerably and the dynamic component increased rapidly. When
the travelling wave velocity was high, the response was dominated by the dynamic
component.

Keywords: seismic isolation, liquefiable subsoil, wall pile, viscous damper, guyed tower,
tuned mass damper

Keywords: long bridge, wave-passage effect, inelastic response, time-history
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An Experimental Study into the Distribution of Earthquake Forces in Steel
Plate Girder Bridges
Lyle Carden1, Ahmad Itani2 and Ian Buckle3
Recent earthquakes have resulted in damage to components of steel plate girder bridge
superstructures and have highlighted the need to design these components for seismic
loading. A 2/5th scale model was constructed in order to study the seismic response of a
typical concrete slab-on-steel girder bridge superstructure. The initial focus was on the
transverse response of the bridge superstructure, with earthquake loading simulated by
pseudo static loads applied at the deck level, using twin actuators. The distribution of
resulting forces was determined from experiments and supporting finite element
analysis. The longitudinal load path was also studied using finite element analysis.
Critical elements identified in the load path include the shear connection between the
deck and steel girders, as well as the end cross frames, web stiffeners and bearings. The
effect of each of these components is discussed in this paper.

Keywords: steel bridge, superstructure, shear studs, cross frames
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Lifelines and Earthquakes: A Review of New Zealand's Key Vulnerabilities

Natural Hazards Risk Associated with Petroleum Storage, Wellington
Region, New Zealand

David Brunsdon1, Michele Daly2 and John Lamb3
Brabhaharan1, Gnana Bharathy1, David Prentice2 and Roger Lynch1
Lifelines engineering in New Zealand was initiated in 1989, and is now an established
technical discipline. There are now Lifelines Projects and Groups in almost every region
of New Zealand. The Lifelines engineering process represents a very effective regional
scale collaborative model which is being viewed by other sectors as a model framework
for integrating technical processes with community needs.
While the New Zealand Lifelines process addresses all natural hazards, the considerable
risks to infrastructure posed by earthquakes throughout the country make it a prime
focus of Lifelines work. This paper summarises the findings from Lifelines work to date
regarding seismic vulnerability of utility networks. This includes first-hand observations
by New Zealand Lifelines Study Tours following major earthquakes during the 1990’s.
The common earthquake mitigation measures for the key utility sectors are summarised,
and a critical appraisal made as to the level of progress with mitigation in each area. The
authors’ views are given as to where the emphasis should be placed for future earthquake
mitigation for utilities given the current economic environment.

Wellington Regional Council has a strategy to identify, assess and manage the risks from
natural and technological hazards. As part of this strategy a study was carried out to
assess the risks associated with petroleum storage from natural hazards. The
predominant hazard posing a risk to petroleum storage facilities in the Wellington
Region is earthquakes. The assessment included bulk petroleum storage facilities,
storage at service stations as well as pipelines.
This case study illustrates the assessment of the risk associated with spill and fire /
explosion events at petroleum storage facilities, due to natural hazards, using techniques
such as event and fault tree analyses. The vulnerability of the tanks was assessed based
on their age, condition, design characteristics and the earthquake hazards. The
earthquake hazards included ground shaking, liquefaction and slope failures, and other
natural hazards comprised wild fire, flooding and storm induced landslides.
The effect of petroleum spills or fire / explosion were assessed considering the people,
built and natural environments. The risks to these environments were assessed as a
combination of the hazard and the vulnerability of these environments to the
consequences. The spatial risk was derived using a geographical information system.
Risk management measures were identified to manage the risks from the hazards
associated with petroleum storage.

Keywords: earthquake, mitigation, response preparedness, lifelines
Keywords: petroleum, risk, natural hazards, earthquake, Wellington, risk management
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Modelling the Spread of Post-earthquake Fire
Jim Cousins1, Geoff Thomas2, Dave Heron1, Sabrina Mazzoni1 and Delwyn Lloydd2
Post-earthquake fire is a highly variable phenomenon. Fire losses are often zero, but
sometimes conflagration can develop with near total destruction of a city. We describe
two GIS-based ways of modelling post-earthquake fire in the urban setting, one static
and one dynamic. The static approach relies on a buffering technique to define "burnzones" that are sampled randomly to give estimates of losses. From repeated sampling
we are able to model the fire-loss as a function of numbers of ignitions, building
separations and building properties. The dynamic approach uses a cellular automaton
technique for determining both the rate and extent of fire spread in response to a wide
range of factors including wind, radiation, sparking, branding, cladding materials and
individual separations of buildings. Using the static model we show that losses due to
fire following a major earthquake near Wellington City are likely to be smaller than
losses due to shaking, provided the wind at the time is no stronger than a moderate
breeze, but are likely to become severe in gale-strength winds. Creating artificial
firebreaks appears not as effective a mitigation measure as minimising the numbers of
ignitions and providing buildings with non-flammable claddings.

Keywords: fire, earthquakes, urban fire spread, fire following earthquake, loss modelling
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A Framework for Performance-based Earthquake Engineering
Greg Deierlein1, H. Krawinkler1 and C.A. Cornell1
Efforts are underway in Pacific Earthquake Engineering Research center to develop a
performance-based earthquake engineering methodology for buildings and bridges. The
performance assessment process is described through four generalized variables that
characterize information from the relevant scientific and engineering disciplines in a
logical and consistent manner. The process begins with defining a ground motion
Intensity Measure, which is often described by a seismic hazard curve for spectral
acceleration or other quantities. Next, nonlinear computer simulations are used to
determine response of a facility to earthquake ground motions. Output from these
simulations is defined in terms of Engineering Demand Parameters, which may consist
of interstory drifts, floor accelerations, local ductility demands, or other engineering
response quantities. Engineering Demand Parameters are then related to Damage
Measures, which describe the physical damage to the structure and its components.
Damage states are delineated by their consequences or impact on Decision Variables,
consisting of dollar losses (repair and restoration costs), downtime, and casualty rates. A
key aspect of the methodology is consistent representation and tracking of uncertainties
in predicting performance metrics that are relevant to decision making for seismic risk
mitigation.
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Barriers to Adoption and Implementation of PBEE Innovations

Building Specific Loss Estimation for Performance Based Design

Peter May1

Eduardo Miranda1 and Hessam Aslani1

Performance-based earthquake engineering (PBEE) has gained prominence in the
engineering community as an approach that allows for more transparent choices about
desired earthquake performance of engineered structures. Although code provisions
containing performance-based concepts have been adopted in several countries, rigorous
methods and techniques for performance-based earthquake engineering are still largely
on the drawing board. For PBEE innovations to gain widespread currency a number
technical and decision-related challenges must be addressed. These challenges are
arguably more daunting than those previously confronting seismic isolation or load and
resistance factor design. The lessons reviewed here from those experiences suggest that
the key barriers and steps to overcoming them for PBEE are: (1) overcoming uncertainty
about the PBEE methodology and its benefits; (2) addressing concerns about the costs of
employing the methodology; (3) addressing the complexity of the methodology; (4)
legitimizing the methodology; (5) establishing a comparative advantage; and (6)
facilitating early adoption.

The main goal of performance-based design (PBD) is to design structures that will meet
the performance expectations of their owners. This work describes research efforts of the
Pacific Earthquake Engineering Research (PEER) Center aimed at describing the seismic
performance of buildings as a continuum and in term of economic losses. Specifically,
this research provides three measures of performance expressed in terms of economic
losses: (a) expected loss in the building as a function of ground motion intensity; (b)
expected annual loss; (c) annual frequency of exceedance of a given loss level. These
measures of performance provide quantitative information to help owners, lenders,
insurers and other interested parties make informed decisions regarding their buildings.
In the proposed approach, the total loss in a building due to physical damage is treated as
a random variable which is computed as the sum of the losses in individual structural
and non-structural components. Economic losses are computed using a fully
probabilistic approach that permits the explicit incorporation of uncertainties in the
seismic hazard at the site, in the response of the structure, on the fragility of individual
structural and non-structural components, and on the costs associated with the repairs or
replacement of individual building components. Physical damage is estimated by
combining building response parameters such as interstory drift ratio or peak floor
acceleration computed with incremental dynamic analyses with component fragility
functions. The latter functions describe the probability of individual building
components of being in various damage states as a function of structural demand
parameters. Results from an existing non-ductile seven-story reinforced concrete
building are presented.

Keywords: performance-based earthquake engineering, implementation, decisionmaking

Keywords: performance-based design, loss estimation, probabilistic analysis, punching
failure
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Collapse Performance Prediction of RC Frame Structures
Jack P. Moehle1 and Kenneth J. Elwood2
Reinforced concrete frames with light transverse reinforcement may be susceptible to
shear and subsequent axial load failures. An experimental program examined the
behaviour of two half-scale, one-story frames with axial loads representative of those
expected for the lower story of a seven-story building. The frames were subjected to
unidirectional simulated earthquake motions applied at the base. Shear failures of an
interior column led to axial load failure and redistribution of internal forces to adjacent
framing components. Analytical models are proposed to identify onset of shear and axial
failure. The models are incorporated in a computer framework for numerical simulation
of nonlinear dynamic response under earthquake base motion.

Keywords: collapse, columns, reinforced concrete, shear
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Gapping Effects on the Lateral Stiffness of Piles in Cohesive Soil

A Pseudostatic Approach for Seismic Analysis of Piles in Liquefying Soil

Satyawan Pranjoto1 and Mick Pender2

D.S. Liyanapathirana1 and H.G. Poulos2

This paper summaries research on the effect of gap formation adjacent to single piles
embedded in cohesive soil when subject to cyclic lateral loading. Pile-soil interaction
and gap formation were modelled using detachable Winkler springs at the front and rear
of the pile shaft. Linear soil behaviour demonstrates that gap formation produces nonlinear pile head stiffness that rapidly approaches half of the stiffness when the springs on
both sides of the pile shaft are active. Non-linear soil behaviour shows a gradual
approach to a steady state situation with increasing number of cycles. The steady state
gap width at the ground surface widens and the gap depth increases as the magnitude of
loading and number of cycles increase. Factors investigated in the parametric study are
number of load cycles, level of load, load eccentricity, pile size, pile-soil stiffness ratio,
and the undrained shear strength of the soil in which the pile is embedded. As a rule of
thumb, gapping reduces the lateral stiffness of the pile head to about half that when no
gap is present.

This paper presents a pseudostatic approach for the analysis of piles in liquefying soil,
including the contribution of the superstructure to the pile and the interaction between
the pile and the soil. The method involves two main steps. First an effective stress based
ground response analysis is carried out to obtain the maximum ground displacements
along the pile and the degraded soil modulus over the depth of the soil deposit. Next a
static load analysis is carried out for the pile, subjected to the maximum free-field
ground displacements and the static loading at the pile head based on the maximum
ground surface acceleration. The method has been verified using an independent
dynamic pile analysis program developed by the authors for the seismic analysis of piles
in liquefying soil. The new method is then used to compute the response of pile
foundations during Kobe 1995 earthquake and some centrifuge tests found in the
literature where extensive soil liquefaction has been observed. Very good agreement is
observed between the computed and the recorded pile bending moments.

Keywords: pile foundations, soil liquefaction, seismic analysis, beam on Winkler
foundation, pseudostatic approach
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Development of Analytical Procedure for Estimating Effects of
Liquefaction-induced Ground Flow on Bridge Foundation
Keiichi Tamura1 and Takuo Azuma2
We develop a new technique for estimating effects of liquefaction-induced ground flow
on a bridge foundation. This technique first analyzes ground deformation by
liquefaction-induced ground flow and then applies it to a bridge foundation. Ground
deformation is obtained by self-weight analysis, in which soil rigidity is reduced
according to the degree of liquefaction, deformation caused by self-weight of the ground
is computed by a 2-D finite element method with reduced rigidity, and the resultant
deformation is regarded as that caused by ground flow. In the second stage of the
proposed technique, a bridge foundation is so idealized that a rigid footing is supported
by piles that are supported by soils, considering nonlinear properties of pile bodies and
the ground. The ground deformation obtained by self-weight analysis is statically
applied to a bridge foundation, and the deformation and bending moment of piles are
computed.

Keywords: liquefaction, ground flow, bridge foundation, seismic design
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Performance of Retrofitted Pile Foundations Subjected to Seismically
Induced Lateral Spreading

Seismic Safety Retrofit of a Major Bridge – A Canadian Study
Upul Atukorala1 and Humberto Puebla1

1
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Experiences from earthquakes and centrifuge models have shown the great importance
of the shallow nonliquefiable soil in increasing the forces and moments imposed on the
pile cap and pile foundation subjected to liquefaction-induced lateral spreading. This
paper focuses on evaluating retrofitting strategies, with emphasis on the placement of a
soft or frangible material near the foundation in the shallow nonliquefiable layer. While
this shallow soft material reduces the stiffness and the strength of the pile foundation
with respect to the superstructure inertia forces, it constitutes an extremely effective way
to mitigate the effect of lateral spreading cases in which the resistance to inertia is
provided by other foundation elements are one area of application of the proposed
retrofitting strategies. Results of three centrifuge tests, Models 2, 2r1 and 2r2, are
presented to illustrate the effectiveness of the implemented retrofitting method.

Key aspects of a displacement-based design that was adopted to retrofit seismic
deficiencies of a major bridge in Vancouver, Canada, are presented. The displacements
anticipated as a result of the 475-year seismic loading were computed using a state-ofthe art stress-strain model developed at the University of British Columbia (Canada) that
models the observed post-liquefaction behaviour of soil. This stress-strain model was
incorporated into the public domain finite difference program FLAC2D for the analysis of
deformations. The results were used to arrive at an optimum ground improvement
scheme at selected critical locations along the bridge profile rather than at each and
every pier location. Where ground improvement using conventional methods such as
vibro-compaction and gravel compaction piles was not feasible due to access and
headroom constraints, pore pressure dissipation measures were considered using seismic
drains. The paper presents some of the results of the ground response analyses and
discusses the ground improvement program.

The experimental results for each of the centrifuge pile models are reviewed and
compared. After implementing the proposed retrofitting strategies, a dramatic reduction
in the maximum bending moment is observed at the upper boundary of the liquefied
layer (2 m depth). A reduction of up to 35% in the measured maximum bending moment
is also observed at the lower boundary of the liquefied layer (8 m depth). These
significant reductions in measured pile maximum bending moments in Model 2r,
together with the associated reduction of up to50% in the measured pile head
displacement, demonstrate the effectiveness of the implemented retrofitting method.

Keywords: centrifuge modeling, liquefaction, lateral spreading, pile foundation,
retrofitting of piles
Keywords: seismic retrofit, bridge, ground response analysis
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Recent Paleoearthquakes of the Porters Pass Fault and Hazard Posed to
Christchurch, New Zealand
Matt Howard1, Andy Nicol2, Jocelyn Campbell3 and Jarg Pettinga3
The Porters Pass fault (PPF) has a 40 km-long active trace and is a prominent element of
the Porters Pass-Amberley Fault Zone (PPAFZ) which forms a broad zone of active
earth deformation ca 100 km long, 60-90 km west and north of Christchurch. The fault
has produced repeated large magnitude earthquakes over the last 10,000 years (i.e. the
Holocene) and could contribute significantly to seismic hazard in the Canterbury region.
The amount of slip/event and the timing of paleo-earthquakes are crucial components
needed to estimate the earthquake potential of a fault. Clustering of offset geomorphic
features suggests that four to five earthquakes of ca 5-7 m/event occurred on the PPF
during the Holocene. Timing information obtained from radiocarbon dated organic
samples from excavations across the fault suggests the occurrence of at least four
Holocene earthquakes, producing recurrence intervals of ~2000-2500 years.
The combination of geometric, slip rate and timing data has enabled an estimated
magnitude range of prehistoric earthquakes on the PPF/PPAFZ of between 6.9 and 7.4.
Using these data, the earthquake shaking likely to be experienced in Christchurch due to
a PPF rupture has been calculated using a recent seismic hazard assessment and
attenuation model (Stirling et al., 1999).

Keywords: Porters Pass Fault, paleoearthquake, displacement, Holocene, trench,
radiocarbon date
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Uniform Approach to Probabilistic Region- And Site-dependent Seismic
Hazard Estimation
1

Improving the New Zealand Seismic Hazard Model
Mark Stirling1, David Rhoades1, W. Smith1, J. Beavan1, Bruno Pace2, M. Petersen3,
A. Frankel3 and I. Wong4

2

Vladimir Yu. Sokolov and Yury K. Chernov

An integrated approach for evaluating site-dependent seismic hazard (SH) is presented.
A probabilistic SH analysis in terms of Fourier amplitude spectra (FAS) of ground
acceleration is performed to calculate Uniform Hazard Fourier (UHF) spectra for a given
soil condition using spectral amplification functions. The spectral source scaling and
attenuation models are developed on the basis of regional ground-motion data. The site
amplification functions may be calculated using earthquake recordings and "hard rock"
spectral models. The "dominant earthquakes" contributing the hazard are determined for
a given return period in considered frequency range. The UHF spectra combined with
strong-motion duration are used for generation of strong ground motion time series, socalled
"Uniform
Hazard
Accelerograms",
which
allow
determining
"Site&Region&Return period-dependent" ground motion parameters. When using FAS
as an input parameter, it is possible to obtain the results in terms of Seismic Intensity
(MMI or MSK scales), Peak Acceleration, Response Spectra, and Characteristic
Accelerograms. The described approach was applied for evaluating design input ground
motion parameters and probabilistic microzonation for territories, which are
characterized by different seismicity and tectonic settings: Taiwan, Central Asia,
Caucasus, and Russian Far East region. Selected results are described in the paper.

In recent years Institute of Geological and Nuclear Sciences (GNS) has applied the
methods of probabilistic seismic hazard analysis to develop a new seismic hazard model
for New Zealand. GNS is now undertaking collaborative work with organisations from
the USA and Italy to improve the New Zealand model by incorporating new input data,
and by developing methods to validate the model. The initial part of this work includes:
(1) critically reviewing the input parameters responsible for anomalously high seismic
hazard in the present probabilistic seismic hazard maps for New Zealand; (2) introducing
new active fault parameters and earthquake scaling relations to the model that come
from recently-completed major seismic hazard assessments; (3) introducing variable site
geology into the model; (4) comparing the methodology of probabilistic seismic hazard
analysis embodied in the New Zealand and USA models against geodetic data and
historical MM Intensity data, and; (5) engaging in a project to cross-validate a number of
probabilistic seismic hazard source codes. Experiences gained from this work may
eventually be applied to seismic hazard models outside of New Zealand and the USA.
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1

Institute of Geological & Nuclear Sciences, Lower Hutt, New Zealand
Universita` “G. D’Annunzio”, Chieti, Italy
3
United States Geological Survey, Denver, CO, USA
4
URS Corporation, Oakland, CA, USA
2

1
2

Geophysical Institute,Uni-Ka, Karlsruhe, Germany
SK IGC, Stavropol, Russia
Paper 048

Paper 122

Oral Presentation 2.3.4

Notes

Seismic Assessment for Industrial Facility in Dunedin
Michael O'Brien1, Dejan Novakov2 and Rob Jury2
A detailed seismic assessment has been carried out for an industrial site in Dunedin.
Initial geotechnical assessment, using published seismic data, suggested that the site was
prone to liquefaction. As the site is near to the harbour, lateral spreading was also
considered to be a risk. Mitigation measures for the lateral spreading were likely to be
extremely expensive. A site-specific seismic assessment incorporating direct assessment
of the liquefaction and lateral spreading risks was carried out to enable a more realistic
assessment of these risks to be obtained, than is available from more commonly used
procedures.

Keywords: liquefaction, lateral spreading, seismic assessment,
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Keynote Session 2 - EERI President Chris Poland
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Keynote Oral Presentation 2
International Visions and Goals for the Earthquake Engineering Research
Institute
Chris Poland1 and Sergio Alcocer2
The Earthquake Engineering Research Institute (EERI) has recently added public
advocacy for seismic safety to its rich history of facilitating the discussion amongst
earthquake scientists and engineers. In recognition of its unique role as the authoritative
source for information in the United States, EERI also seeks to partner with other nations
to develop information for use worldwide. In 2002, EERI began forming cooperation
agreements with organizations in other countries that encourage the exchange of
information, collaborative efforts in learning from earthquakes, joint memberships,
development of mitigation tools and techniques, and access to seminars, conferences,
and technical publications. The ultimate goal of the program is to arrest the growth of
seismic vulnerability worldwide and thereby save lives, protect capital investments, and
minimize economic impacts.
Keywords: seismic safety, public advocacy, international collaboration
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The Development of the Joint New Zealand and Australian Earthquake Loading
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From Hazard Maps to Code Spectra for New Zealand G.H. McVerry
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From Hazard Maps to Code Spectra for New Zealand

The Development of the Joint New Zealand and Australian Earthquake
Loading Standard

Graeme McVerry1
1

2

3

4

Andrew King , Des Bull , Graeme McVerry and Rob Jury

The development of the joint Australian/New Zealand earthquake loadings standard has
been underway for the past 5 years as part of the development of the joint Structural
design actions (Loadings) standard, AS/NZS 1170. Comments within this paper are
based on committee draft 8 (December 2002) which, although expected to still be
subject to further change, is considered to be approaching the final standard technically.
The paper is structured to follow the layout of the new standard. Important changes are
emphasised along with discussion of the background upon which the committee
decisions were concluded.

The development of the New Zealand seismic coefficients of the draft Australia/New
Zealand Loadings Standard from a probabilistic seismic hazard analysis (PSHA) is
presented. The hazard factors Z arise directly from a scaling of the 500-year return
period estimates of the 5% damped response spectral accelerations SA(T) for period T of
0.5s. Truncation of Z to the range corresponding to rock peak ground accelerations of
0.13g to 0.6g is justified on deterministic grounds. Normalisation at the intermediate
period T of 0.5s avoids the need for the U.S. practice of mapping multiple spectral
values to construct spectra. The code spectral shapes for the various site classes give
near upper bounds across New Zealand to mapped 500-year ratios of SA(T)/SA(0.5s)
resulting from the PSHA, leading to code spectra that are near-envelopes of the hazard
spectra. Hazard curves for most locations are fitted well by the risk factor R that scales
the 500-year spectra to other return periods. The new near-fault factor N(T,D) caters for
systematic near-fault directivity effects for longer-period structures at distances D less
than 20 km from New Zealand’s most active faults. This factor is based on results
calculated from published empirical near-source modification factors.

Keywords: earthquake loadings, Australia New Zealand joint standard, capacity design,
performance engineering
1

BRANZ, Porirua, New Zealand
Holmes Consulting Group, Christchurch, New Zealand
3
Institute of Geological and Nuclear Sciences, Lower Hutt, New Zealand
4
Beca Carter Hollings and Ferner, Wellington, New Zealand
2

Paper 138

1

Institute of Geological and Nuclear Sciences, Lower Hutt, New Zealand
Paper 034

Notes

Oral Presentation 3.2.1
Desaturating Sand Deposit by Air Injection for Reducing Liquefaction
Potential
Ishihara1, M. Okamura1 and T. Oshita1
It has been known that unsaturated sands have a significantly higher resistance to
liquefaction than saturated sands. Liquefaction potential of saturated sand can be
reduced if the degree of saturation of the sand is effectively lowered. A centrifuge model
test was performed, in which air was injected into a saturated ground model through a
vertically penetrated pile, to see how wide the air injected from the tip of the pipe spread
in the originally saturated ground. 2
Undisturbed high-quality samples were taken by the ground freezing method from
grounds improved with the sand compaction pile. The degree of saturation of the ground
was found to be unusually low due to a large amount of air exhausted in the ground
during sand pile construction. Results of hollow cylindrical undrained cyclic shear tests
on the samples indicted that the resistance to liquefaction of the ground was significantly
enhanced by the de-saturation during SCP construction. The liquefaction resistances of
the improved sand are considered to be higher than those obtained from the N-value
based conventional method which is only available for fully saturated soils.

Keywords: degree of saturation, liquefaction resistance, sampling by ground freezing
method, sand conpaction pile
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Seismic Design of a Highway in Pumiceous Land

An Assessment of the Liquefaction Susceptibility of Adapazari Silt

Wataru Okada1, Sergei Terzaghi1, John Cooper1, Matthew Patel1 and Tara Adhikary1

Rodolfo Sancio1, Jonathan Bray1, Michael Riemer1 and Turan Durgunoglu2

A case study of seismic design for a highway upgrade in pumice-rich soils is presented.
Seismic design in such soils is difficult because of the unique characteristics and lack of
existing test information for pumiceous soils. Furthermore it has been demonstrated that
conventional measurements of in situ material properties do not adequately characterise
the static and dynamic soil properties. Alternative means of determining the actual soil
properties are discussed.

Liquefaction and cyclic softening of fine-grained soils occurred in Adapazari during the
1999 Kocaeli, Turkey earthquake. The results of a large number of cyclic triaxial tests
performed on "undisturbed" specimens of silty and clayey soils obtained from
throughout the city are discussed. The tests show that the current state-of-the-art method
for the determination of liquefaction susceptibility of fine-grained soils, the Chinese
criteria method, is not reliable. Soils that liquefied often met the liquid limit and liquidity
index conditions of the Chinese criteria, but did not typically meet the clay-size
condition. Test results do not show a marked effect of soil plasticity on cyclic strength of
soils with (N1)60 < 10 when PI < 12. However, soils with PI > 20 tested at effective
confining stresses < 50 kPa did not generate significant strain after the application of a
large number of loading cycles.

Numerical modelling was used to calculate the factor of safety, deformations and excess
pore pressure generated during the design earthquake for embankments subjected to
seismic loading. The numerical model output is compared with predictions based on
Makdisi and Seed’s simplified procedure. Liquefaction potential analysis via
conventional methods is also presented, with checks via numerical analysis.
Loadman portable falling weight deflectometer, in situ CBR test, plate bearing test and
nuclear densometer proved to be reliable in situ testing for the pumiceous sands while
various other tests were found to be unreliable. Particle size analysis and Cone
Penetrometer Tests (CPT’s) do not adequately determine the liquefaction potential for a
pumice sand, which is strongly dependent on relative density. A rigorous finite element
analysis may provide an alternative to laboratory testing. Makdisi and Seed’s simple
procedure for predicting permanent deformation of an embankment proved to be
applicable to the pumiceous sands.

Keywords: pumiceous sands, in-situ testing, seismic design, embankments, liquefaction,
permanent deformation
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1

1

Sinclair Knight Merz (Ltd), Auckland, New Zealand
Paper 119

2

UC Berkeley
Bogazici University
Paper 172

Notes

Oral Presentation 3.2.4
Seismic Lateral Response of Piles in Liquefying Soil
Liyanapathirana1 and H.G. Poulos2
Soil liquefaction is one of the major factors affecting the behaviour of piles founded in
seismically active areas. Although methods are available for seismic analysis of pile
foundations, in many of them the soil is assumed to be an elastic material. Here a
numerical model is presented which takes into account the reduction of soil stiffness and
strength due to pore pressure generation and subsequent soil liquefaction, in addition to
the material non-linearity. Results obtained from the new method are compared with
centrifuge test data and they show excellent agreement with the observed pile behaviour.
To investigate effects of soil liquefaction on the internal pile response, a parametric
study is carried out for a range of material and geometric properties of the pile and soil.
The effect of the nature of the earthquake on pile performance has been studied using 25
earthquake records scaled to different acceleration levels. It is found that the ‘pseudo
velocity’ of the earthquake, which is the gross area under the input acceleration record,
has a significant influence on the pile performance in liquefying soil.

Keywords: Pile foundations, soil liquefaction, seismic analysis, centrifuge test data,
Mindlin's equation
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Seismic Performance of RC Perimeter Frames with Slabs Containing
Prestressed Units
David Lau1, Richard Fenwick1 and Barry Davidson1
Three structural sub-assemblies were constructed and tested to investigate the influence
of precast prestressed components in the floors on the seismic performance of ductile
perimeter reinforced concrete frames. The sub-assemblies represented a bent of a frame
with four beams, two of which were internal spans and two cantilever spans. One of
these sub-assemblies had a floor slab, which contained precast prestressed components,
consisting of two spans added to one side of the frame. In this situation the prestressed
components restrain elongation in plastic hinge zones in the perimeter beams, which
increased their flexural strength. The addition of the slab was found to increase the
lateral strength of the frame by approximately 150 percent. The stiffness of the slab
allowed bending moments to be resisted by the cantilever spans. If allowance is made for
this effect, the average flexural strength increase of each plastic hinge, due to the
addition of the floor, was 78 percent. This has major implications for capacity design of
perimeter frames.
A computer model of a plastic hinge has been developed, which enables the influence of
axial compression on the hinge elongation to be modelled. This is an initial step in
investigating the influence of elongation in frames and their interaction with floor slabs
containing prestressed components.
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Background to the Testing of a Precast Concrete Hollowcore Floor Slab
Building

Preliminary Experimental Results and Seismic Performance Implications
of Precast Floor Systems with Detailing and Load Path Deficiencies

Jeff Matthews1, Des Bull2 and John Mander1

Jeff Matthews1, Des Bull2 and John Mander1

Concern has been raised about the expected performance of some of New Zealand’s
precast concrete buildings during a severe earthquake. The intent of this paper is to give
some insight into seismic performance issues. A principal concern is the affect that beam
elongation has on seat width requirements for precast floor slabs. An experimental
programme undertaken at the University of Canterbury is described.

Concern has been raised about the expected performance of many of New Zealand’s
recently and presently constructed precast concrete buildings during a severe earthquake.
The intent of this paper is to give some insight into the results from a recently completed
experimental programme undertaken at the University of Canterbury. One particular
concern is the detailing used to attach the precast hollowcore floor units to the perimeter
frame. Results show that if a large earthquake were to hit New Zealand, precast
buildings would not perform well compared to cast-insitu systems—collapse of floors
may be expected.
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Seismic Structural Damage Assessment of Reinforced Concrete Framed
Structures
Ping Dong1, Peter Moss1 and Athol Carr1
To find a rational procedure for carrying out damage assessment analyses of reinforced
concrete ductile framed structures under elastic code level earthquakes specified in New
Zealand codes, three main aspects of earthquake scaling were studied, namely the
relationship between the member curvature ductility and structural displacement
ductility, the effect of varying the hysteresis model and member damage indices on the
damage indices for the storeys and structures respectively. These three aspects were
studied by carrying out elastic and inelastic time-history analyses employing three fully
ductile structures (design structural ductility of 5.0 assumed), four earthquakes, seven
hysteresis rules and four member damage indices. Finally, a procedure for the seismic
structural damage assessment is recommended.

Keywords: earthquake scaling, hysteresis model, damage index
1

University of Canterbury, Christchurch, New Zealand
Paper 075

Oral Presentation 4.2.1

Oral Presentation 4.2.2

Displacement of Gravity Retaining Walls under Seismic Loading

Effect of Earthquake Shaking on Displacement of Earth Retaining
Structures

M. Okamura1, Y. Saito1, O. Matsuo2 and Keiichi Tamura1
Brabhaharan1, Graham Fairless2 and Howard Chapman3
This paper describes a new calculation method for seismic displacement of retaining
walls with embedment. A macroscopic failure surface and a plastic displacement
potential in the general load space are considered in the method to evaluate the subgrade
reaction force from foundation ground. The method is capable of calculating not only
horizontal, vertical or rotational displacement alone, but also their combined effect. The
method is validated through comparison with centrifuge test results of a gravity retaining
wall with dense backfill sand subjected to strong base shaking. The calculated
displacement components, that is vertical, horizontal and rotational displacement, agreed
well with those measured.

Seismic design of large, reliable, economic retaining structures can be achieved by
allowing limited displacement, provided their likely displacement performance during
earthquakes is known. Design is commonly based on pseudo-static methods using
horizontal peak ground accelerations, with no consideration given to vertical ground
motions.
The research examined the effect of significant vertical earthquake motions on the
displacement of retaining structures. Numerical time history analyses using a finitedifference program FLAC were carried out for a typical reinforced soil wall. Four
earthquake records with different characteristics were used, and the results are presented.
The research showed that peak ground accelerations are a poor parameter for the
prediction of wall displacements. The sum of the power spectral density, representing
energy content, correlated better with the displacements calculated. Vertical shaking and
the frequency content of the earthquakes had a significant effect on wall displacements.
The results led to a hypothesis that vertical shaking increases the flexibility of the
retaining structure, modifying its natural period, and where this shifts the period to a
frequency with significant earthquake energy, resonance and larger displacements result.
The research confirmed the importance of energy, frequency content and vertical
shaking of earthquakes to the displacement performance of retaining structures,
particularly in near-field areas with significant vertical shaking.

Keywords: earthquake, retaining walls, displacement, vertical motions, numerical
analysis, energy
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Optimal Ground Motion Intensity Measures for Assessment of Seismic
Slope Displacements
Thaleia Travasarou1 and Jonathan Bray1
Correlating seismically induced permanent displacements to parameters characterizing
the intensity of the earthquake strong ground motion allows the dynamic response
computation to be decoupled from the seismic hazard evaluation in a probabilistic
seismic displacement analysis. Using an earthquake database of over 1400 records,
seismically induced permanent displacements were calculated using a linear and an
equivalent-linear coupled stick-slip generalized single degree of freedom model. Linear
and nonlinear regression analyses were performed on these results to identify Intensity
Measures (IMs), which may be classified as being period-dependent or periodindependent, that correlate best to the computed displacements. Optimal IMs were
identified based on the efficiency and sufficiency criteria. The analyses demonstrated
that the optimal IM depends on the dynamic response and strength characteristics of the
earth slope. It is useful to categorize slopes as stiff or ductile and as weak or strong. The
benefit resulting from the use of vectors of IMs as opposed to a scalar IM for
displacement prediction depends greatly on the slope properties. An example is shown
that demonstrates the benefit for using Arias Intensity as the optimal IM in the case of
estimating seismic displacements of stiff slopes.

Keywords: earthquakes, ground motions, probability, seismic displacements
1

University of California, Berkeley, USA
Paper 093

Oral Presentation 4.2.4

Oral Presentation 4.3.1

Geotechnical Seismic Evaluation of Bridge Abutments in Southeast
Missouri

An Interim Classification of New Zealand’s Active Faults for the Mitigation
of Surface Rupture Hazard

Yulman Munaf1, Shamsher Prakash1 and Thomas Fennessey2

Russ Van Dissen1, Kelvin Berryman1, Terry Webb1, Mark Stirling1, Pilar Villamor1,
Peter Wood1, Simon Nathan1, Andy Nicol1, John Begg1, David Barrell1,
Graeme McVerry1, Rob Langridge1, Nicola Litchfield1 and Bruno Pace2

Southeast Missouri experienced the largest magnitude (estimated 8.0-8.3) earthquakes in
recorded history (1811-1812). In a future major earthquake, the reopening of critical
emergency vehicle access routes into St. Louis, Sikeston and Cape Girardeau would be a
top priority. The extent of damage and survivability of these critical roadway features in
the event of a major earthquake is not fully known. On basis of a study on detailed
earthquake assessments at two bridge sites along designated vehicle access route, it was
found that under an event with PE of 2% in 50 years, these routes will be rendered
unserviceable. In this paper a detailed study on the displacements on top of the abutment
due to sliding and rotation and considering non-linear soil properties has been estimated.

Interim Guidelines for mitigating the impacts of building on, or near, active faults have
recently been promulgated in New Zealand. In the Guidelines, the defining faultavoidance criterion for an active fault is its average recurrence interval of surface
rupture. Here we present an interim classification of most of New Zealand’s on-land
active faults based on the fault-avoidance recurrence interval classes defined in the
Guidelines. In assigning faults to specific fault-avoidance classes, we give preference to
fault-specific recurrence interval data which, in general, is most complete for the
principal faults in New Zealand. For the remainder, and majority, of active faults, where
recurrence interval data are generally either less constrained or non-existent, we assign
fault-avoidance classes, though with less confidence, based on an iterative combination
of available fault-specific data, the use of fault-scaling relationships, and comparisons
with similar better studied faults. For each fault we also note the level of confidence with
which the fault is assigned to a particular fault-avoidance class. This indicates the
precision (or lack thereof) with which active faults can presently be classified according
to the fault-avoidance criteria defined in the Guidelines. It also highlights those faults
where better constrained recurrence interval data will have the most benefit towards
mitigating surface rupture hazard.

Keywords: abutments, seismic displacements, non-linear analysis, dynamic SSI, bridges
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Illustrations of Historic and Pre-historic Surface Rupture of Active Faults
in New Zealand
Russ Van Dissen1, Peter Wood1, Kelvin Berryman1 and Simon Nathan1
Interim Guidelines for mitigating the impacts of building on, or near, active faults have
recently been promulgated in New Zealand. In the Guidelines, the surface rupture hazard
of an active fault is defined by the fault’s average recurrence interval of surface rupture,
and the complexity of its surface rupture trace. Examples of the latter are illustrated in
this paper via a suite of photographs of historic and pre-historic surface ruptures of
active faults in New Zealand. These images also highlight three important points
relevant to the mitigation of surface rupture hazard: a) the location of past surface
rupture along an active fault is generally a reliable guide as to the location of future
surface rupture along the fault, b) surface rupture deformation is most intense at the
fault, but, in places, significant "off fault" deformation can occur, and c) the extent of
surface rupture deformation along an active fault can often be geographically defined to
a level compatible with planning and engineering needs.

Keywords: active fault, surface rupture hazard, earthquake
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Relative Displacement Across Faults: Measuring Slip Rates when Both
Sides are Uplifting

Building Adjacent to Active Faults: a Risk-based Approach
Andrew King1, David Brunsdon2, Bruce Shephard3, Janine Kerr4 and Russ Van Dissen4

Gary Huftile1, Scott Lindvall2, L. W. Anderson3, L. Gurrola4 and M. A. Bell4
Earthquake fault rupture of the ground surface increases the risk of collapse for buildings
which straddle that fault compared with other buildings. The lack of any clear regulatory
constraints to control this additional risk was identified as a deficiency in the current
building control regime in New Zealand by the Parliamentary Commissioner for the
Environment during his investigation into this issue reported in 2001.
A working group was established under the auspices of the Ministry for the Environment
to prepare a set of planning guidelines to address this deficiency. This paper discusses
the technical considerations used to prepare a risk-based interim guideline which aims to
provide planning authorities with a framework to prepare planning controls for this
aspect of land development. The paper briefly outlines the seismological issues such as
fault recurrence intervals and complexity, the engineering issues relating to building
importance classifications and consistency of risk posed by an event, and the proposed
mitigation measures, including planning controls on development and land subdivision.

A trench across the main strand of the Red Mountain fault, California, presents the
problem in calculation of slip rates as both sides of the fault are uplifting. The Red
Mountain fault is a reverse fault in the Transverse Ranges of California. It is part of a
system of north-dipping reverse faults including the San Cayetano and the Santa Susana
faults. The slip rates have been measured at 7.4±3.0mm/y on the San Cayetano fault, and
5.9±3.8mm/y on the Santa Susana fault. This work represents the first slip rate
measurement on the Red Mountain fault. The footwall block of the Red Mountain fault
has the stage 3c high stand terrace, confirmed using oxygen isotopes. This terrace has
uplifted from –39m elevation at 45ka, to +168m today, an uplift rate of 4.6mm/y. The
trench, geological mapping, and borehole drilling show that the hanging-wall block has
uplifted 34m (0.75mm/y, 1.7mm/y slip on a 25º–dipping fault) relative to the footwall
block in that time. We argue that the slip rate on the Red Mountain fault is the
combination of these rates, and thus has serious implications to tectonics of the
Transverse Ranges and the relative seismic hazard represented by the fault.

The paper reflects the approach taken in developing the draft Interim Guidelines
(hereafter referred to as ‘the Guidelines’). As such it portrays ‘work in progress’ with
further amendment and wider consultation expected before the final guideline is
available for use by planning authorities to address the issue of building over or adjacent
to active faults.

Keywords: Near Faults; Risk-based; Planning Controls; Recurrence Interval Classes;
Near Fault Building Importance Categories

Keywords: paleoseismology, active faulting, reverse faulting, trenching, California,
Transverse Ranges
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Seismic Design Implications of Revisions to the National Building Code of
Canada
Arthur Heidebrecht1
This paper begins with a brief introduction to Canadian seismicity and the history of
seismic code development in Canada; a summary of major changes planned for the 2005
edition of the National Building Code of Canada follows. Areas of major change include
seismic hazard, site effects, irregularities, force reduction factors and methods of
analysis (dynamic analysis now being preferred). The implications of the proposed
changes are presented in terms of impact on seismic design force for several structural
systems located in regions of high, moderate and low seismicity; implications for
seismic level of protection and the seismic design process are also discussed. The paper
concludes with a discussion of ongoing seismic code development issues.

Keywords: code,structures, seismic, Canada, hazard, design, loading, performance, and
regulation.
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Project "e-defense" Introduction of E-defense
Keiichi Ohtani1, Nobyuki Ogawa1, Tsuneo Katayama1 and Heki Shibata1

Considering the lessons learnt from Hanshin-Awaji Earthquake, NIED plan to construct
"E-Defense", a system which will be able to simulate the processes of the destruction of
structures under real strong earthquake motions. The basic performance of "E-Defense"
involves a maximum loading capacity of 1,200 tons, a maximum velocity of 200 cm/s
and a maximum displacement of 2 m for horizontal excitation and a maximum velocity
of 70 cm/s and a maximum displacement of 1m for vertical excitation in order to
simulate destructive ground motion. The construction work of "E-Defense" began in
early 2000, and will be completed at the beginning of 2005. We are conducting the
construction work of the facility at Miki-city, and the manufacturing of actuators, oilpressure supply system and other major parts of the shaking table at the MHI. "EDefense" is one of the largest scale high performance testing facilities in the world. "EDefense" will also be aimed for common use internationally. For the international
collaboration and the dissemination of research results, the Earthquake Engineering
Network ("EE-net") will also be constructed up until the completion of "E-Defense". EEnet will connect major earthquake engineering research organizations worldwide through
high performance Internet links. We hope that "E-Defense" and EE-net will prove to be
one of the major cooperative research organizations for earthquake disaster mitigation
worldwide.

Keywords: 3-D shaking table, Failure mechanism of structures, Full scale testing,
Network of Earthquake Engineering
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Project "e-defense" Technical Development of Mechanical Components

Project “e-defense”, Control System Architecture

Takayuki Harada1, Akeshi Koike1, Michiya Uchida1, Keiichi Ohtani2 and
Nobyuki Ogawa2

Omar Rood1, Keiichi Ohtani2 and Eisuke Yoshida3

To realize “E-Defence (3-D Full-Scale Earthquake Testing Facility)”, we were faced
with some technical developments of the hardware, such as the hydraulic actuators and
the three-dimensional link.
Since the specifications of the hydraulic actuators required a rated power of 450ton, a
maximum speed of 2m/sec and a stroke of +/-1m, the physical scale of the facility
became very large. Therefore, the hydraulic actuators could not be designed using
traditional methods. This is because of the bending effect of the piston rod due to its own
weight, the lateral load and the large bearing capacity required to resist the large
dynamic lateral loads. In addition, it was important to minimise the friction between the
piston rod and the bearings. To solve these problems, a new bearing system and sealing
system were developed.
A new bearing system was also developed for the three-dimensional link, to
accommodate the wide rotation and the large capacity required.

Project “E-Defense” now under construction in Miki, Japan will be the world’s largest 3
Dimensional seismic simulation table when completed in 2005. The scale of the shaking
table requires 44 of the world’s largest servovalves powering 24 enormous actuators.
This paper describes the real time control architecture consisting of six separate and
specialized controllers that was developed to meet the significant controller challenges
of the Project “E-Defense” shaking table. Five of the real time controllers communicate
through a fibre optic shared memory system. The primary controller is the 3
Dimensional (6 DOF) table controller that utilizes the latest table control methodologies.
It communicates with the table through three specialized servovalve controllers located
nearer the table that also collect the actuator feedbacks. The fifth controller is a
specialized data output controller while the sixth controller is a totally separate data
logger that records selected actuator and servovalve signals while also monitoring table
operation to insure that the large scale shaking table remains stable within its operating
parameters.

Eight prototype actuators and three-dimensional links were manufactured, assembled
and installed in the test facility to verify the newly designed systems. The verification
tests were started in 1995 and successfully completed at the end of 1998.
The prototype actuators and three-dimension links are currently in position at Project “EDefence”, which is due for completion in January 2005.

Keywords: E-Defence, earthquake testing facility, hydraulic actuator, three-dimensional
link

Keywords: "Project E-Defense", Shaking Table, Control Methodology, Controller
Design
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A Simplified Evaluation Method for the Seismic Performance of
Underground Common Utility Boxes
Tsutomu Nishioka1 and Shigeki Unjoh1
This paper presents a simplified evaluation method for the seismic performance of
underground common utility boxes (CUBs) with rectangular cross section. Since the
seismic deformation of underground structures is primarily the shear deformation in
terms of the whole cross section, the proposed method is based on the shear deformation
capacity. The shear deformation capacity is studied through the non-linear frame
analyses of five types of standard CUBs. In the evaluation method, the seismic
performance is checked by the difference between the ground strain criterion and the
peak ground strain on the structure's underground level. The proposed method is applied
to the CUB located at Kobe in Japan that was subjected to the 1995 Hyogoken-nanbu
earthquake. The results show that the CUB has enough ductility with respect to the shear
deformation, which coincides with the fact that the CUB suffered little damage from that
earthquake.

Keywords: simlified evaluation method, seismic performance, underground common
utility boxes, ground strain criterion
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Computer-aided Strengthening of Steel and Reinforced Concrete
Telecommunication Poles

Lateral Dynamic Soil Stiffness for Partially Embedded Foundations in
Heterogeous Soils

Erol Kalkan1 and Ahmet Pamuk1

Toyoaki Nogami1 and Md. Asheque Mahbub1

The absence of explicit guidelines for the rehabilitation of existing pole structures was
the motivation to investigate the effectiveness of steel jacketing for the retrofitting of
self-supporting steel and reinforced concrete telecommunication poles. The present study
describes a numerical simulation of pre- and post-retrofitted conditions of the pole
structures subjected to seismic hazards. By this way, effects of superstructure flexibility,
variable damping on dynamic response, significance of flexural period on base shear
amplification and overall effectiveness of retrofitting against base excitation are assessed
on two reinforced concrete and two steel poles through the application of modal
analyses, and by utilizing a modal superposition technique and response spectrum
approach based on a set of strong motion accelerograms recorded during the 1994
Northridge earthquake. Analysis of results shows that steel jacketing has more
remediation on reinforced concrete poles than steel poles for decreasing their seismic
vulnerability.

The first author has recently developed the differential equation cell method to formulate
the dynamic soil stiffnesses for partially embedded foundations in homogeneous soils. In
this paper, this method is further extended to foundations in heterogeneous soils. The
expressions for soil responses are obtained in simple closed forms, and the computation
process requires iterations. The developed formulation for the lateral stiffness is
demonstrated for computations of rigid foundations partially embedded in heterogeneous
soils. The computations are found to generally converge with very little iteration for the
cases analyzed. The developed final expression for the stiffness is simple yet produces
the results very close to those computed by the much more elaborated method.

Keywords: telecommunication pole, finite elements, seismic retrofitting, steel jacketing,
response spectrum analysis, earthquake

Keywords: partially embedded foundation, stiffness, heterogeneous soil, frequency
domain
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Seismic Stability of Mt. Frederick Sidecast
Colin Krumdieck1 and Steven Woods1

As a part of Solid Energy’s progressive rehabilitation of the Stockton Mine, it was
determined that significant rehabilitation of the existing Mt Frederick Sidecast would be
required to ensure the long-term stability of the sidecast. The site is located in an area of
high seismicity with a number of known active faults. The stability of the existing
sidecast is largely governed by the presence of loose unconsolidated materials within the
sidecast, the presence of soft saturated and potentially liquefiable sediments that underlie
the toe of the existing slope, and the potential level of ground shaking and seismicallyinduced deformations that may occur during future seismic events. The goal of this
rehabilitation is to reshape the existing stockpile into a more stable slope configuration,
and the construction of a comprehensive stormwater collection and discharge system.
The reconfigured slopes will facilitate the final revegetation of the exposed surfaces and
the management of surface and groundwater discharges from the area. This paper briefly
describes the specific details of the project and the significance of seismic conditions on
the long-term stability of the reconfigured stockpile.

Keywords: seismic stability, slope stabilty, mine rehabilitation
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H_infinity Direct Output Feedback Control of Structures

Hybrid Steel-concrete Connections under Reversed Cyclic Loading

Chi-Chang Lin1, Ming-Chi Pan1 and Jyh-Yang Wei1

Bing Li1, Woon-Kwong Yip1 and Chee-Lai Leong1

In this paper, a Hinfinity direct output feedback control algorithm, is developed to reduce
the structural responses due to seismic loads. It is done through minimizing the entropy,
a performance index measuring the trade-off between Hinfinity optimality and H2
optimality. The control forces are calculated directly from the multiplication of output
measurements by a precalculated time-invariant feedback gain matrix. In real active
control, control force execution time delay cannot be avoided. This study derives explicit
formulas to calculate the maximum allowable delay time, tdmax, to assure system
stability. tdmax can be increased with increasing structural original damping or by
appropriately selecting control parameters. Fewer sensors and controllers and simple online calculations make the proposed control algorithm favorable to real implementation.

The aim of the test was to develop a preliminary guideline for the overall design and
construction of precast concrete structures for lateral load resistance. Specimens were
tested under reversed cyclic loading to evaluate their ductility, strength and energy
dissipation capacity characteristics. Four beam-column joint with slab specimens were
tested and the results are presented. MJ1 & MJ2 were monolithic specimens while their
precast counterparts CJ1 & CJ2 were constructed using the proposed hybrid steelconcrete connections for a precast concrete frame. Although the structural behaviour was
generally similar, a different cracking pattern was found. The results indicate that the
proposed hybrid steel-concrete connections for precast concrete frame are conceptually
sound but can be refined in design detailing for enhanced performance. It was found that
the discontinuity in the bottom reinforcement of the precast beams caused the formation
of a lower lever arm, which eventually led to a lower moment capacity of the specimens.
The precast specimens however, behaved similarly to their monolithic counterparts and
showed consistent hysterisis loops characteristics throughout the test

Keywords: H_infinity Control, Direct Output Feedback, Time Delay, Earthquake
Engineering

Keywords: precast, beam-column joints, hybrid, strength, beam-to-column connection
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Structural Uplift Induced by Near-source Earthquakes
Yuki Naito1 and Nawawi Chouw1
The study addresses the influence of near-source earthquakes on uplift response
behaviour of the main structure as well as secondary structures inside the main structure.
In the investigation the soil-structure interaction is taken into account. The considered
earthquakes are the 1995 Kobe earthquake and the 1999 Turkey earthquake. The result
shows that uplift potential of structures does not only depend on the relationship between
the characteristic of the ground excitation and the natural frequencies of the structure. It
is also determined by the slenderness of the structure. An approach to reduce the uplift
potential of secondary structures is also presented.

Keywords: structural uplift, near-source earthquakes, FEM-BEM, SSI, reduction
approach
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The Relationship between Overstrength and Members Ductility of RC
Moment Resisting Frames

Stiffness-strain Relationship of Singapore Residual Soils
E.C. Leong1, H. Rahardjo1 and H.K. Cheong1

1

Mussa Mahmoudi

Overstrength is the strength in excess of seismic code requirements. According to the
seismic codes the buildings are allowed to use overstrength to survive strong earthquake.
Overstrength depends on the various factors, the most important of them is ductility.
Only the ductile structures exhibit overstrength.
This paper investigates the relationship between overstrength and members ductility of
various R.C. moment resisting frames having one, two, three, four, five, six, eight, ten
and fifteen stories. They were loaded on the basis of the Iranian seismic code (standard
no. 2800) and designed according to ACI-318 code.
This investigation was carried out using DRAIN_2DX computer program by applying
the monolithically increasing horizontal loading (pushover analysis) to all frames. In
each step of loading overstrength of frames and local ductility of members (beams and
columns) were determined and their relationship was shown on curves.

Residual soils are formed from the in-situ weathering of rock formations. In Singapore,
residual soils occupy about two-thirds of the total land area. Cyclic triaxial tests were
performed on three saturated residual soil samples from the Singapore Jurong formation.
The soil samples were tested at strain levels from ± 0.005% to ± 1% for 40 loading
cycles at a frequency of 0.5Hz and then sheared to failure. From the stress-strain loading
curves, shear modulus and damping ratio at each strain level can be determined. The
shear moduli increase slightly and the damping ratios decrease slightly with increasing
number of loading cycles. The shear moduli and damping ratios reported in the literature
are mainly for saturated sands and clays. The trends of the shear modulus and damping
ratio with shear strain amplitude for the Jurong formation residual soils are similar to
those reported in the literature. However, the stiffness-strain relationships suggested for
saturated sands and clays in the literature were found to overestimate the shear moduli
and damping ratios of the residual soils. A general stiffness-strain relationship was found
to provide a reasonable fit to the shear modulus curve of the residual soils.

The results indicate that the overstrength depends on members ductility considerably.

Keywords: overstrength factor, members ductility factor, pushover analysis, R/C
moment resisting frame
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In-situ Measurement of Shear Wave Velocities at Two Soft Soil Sites in
Singapore
Leong1, S. Anand1, H.K. Cheong1 and T.C. Pan1
In-situ measurement of shear wave velocities provides information on soil stiffness at
very low strain, typically less than 10-3%. It is now widely recognised that low strain
stiffness should be determined as part of the site investigation for seismic problems.
However depending on the measurement method, there are some differences in the wave
velocities. In-situ measurement of shear wave velocities using the down-hole technique
and continuous surface wave technique were performed at two soft soil sites in
Singapore. In the down-hole technique, a single borehole, a horizontally polarised
surface source and a down-hole geophone were used. The continuous surface wave
technique uses a continuous vibrating source placed on the ground surface. Surface
waves of various frequencies from 5 to 100 Hz were generated and the waves were
picked up by a series of geophones placed collinear with the source. The surface wave
test measures the Rayleigh wave velocities. The down-hole tests were able to provide
information to a great depth whereas the surface wave tests were only able to provide
information down to a depth of about 12 m. The measured shear wave velocities found
from the down-hole test and computed shear wave velocities found in the surface wave
tests show differences of about ±10%. The difference is not due to the assumed
Poisson’s ratio used in the computation of the shear wave velocities from the Rayleigh
wave velocities alone, but is also attributed to the differences in wave source.

Keywords: in-situ, shear wave, rayleigh wave, soft soil, stiffness and low strain
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A Simple Method for Stochastic Dispersion of Earthquake Waves

Stationarity of Seismic Noise and Spac: Results of a New Approach

Jiachen Wang1, Athol Carr2, Nigel Cooke2 and Peter Moss2

Francisco Chávez-García1, Miguel Rodríguez1 and Bill Stephenson2

The analyses of the dynamic response of extended structures to asynchronous earthquake
input motions need more than one input motion. The recently developed theoretical
framework of conditional random field simulation of ground motion is too complex to be
used by engineers. In this paper, a simple method to generate ground motions with
dispersion from original seismic waves is proposed. The proposed method is based on
the two assumptions that in the time domain the components of discretized space-time
random field {ft1(x), ft2(x), ¡, ftn(x)}, are mutually uncorrelated, and only the correlation
of the predominant frequency of the earthquake is considered for the frequency
dependent spatial correlation function of the ground motion field. With the aid of these
assumptions, the modified Kriging method for multi-variate Gaussian random fields can
be easily performed in the time domain. A description of an algorithm for the simulation
of ground motions at M locations conditioned by the recorded time-histories from n
locations is presented. A numerical example to generate the input ground motions for
several bridge support points from one specified time-history is given and some results
are presented.

The SPAC method to analyse ambient noise vibration was introduced many years ago by
Aki (1957). This method makes recourse to a spatial averaging (through crosscorrelation functions) of microtremor measurements using an array of stations. This idea
has popped up repeatedly, but no significant modifications have been contributed to the
original technique. In this paper we propose a fresh look at the SPAC method,
introducing the idea of exploiting temporal stationarity as a substitute for spatial
averaging. This idea has several advantages from which we cite the two most important:
there is no need for simultaneous recordings using an array of stations, whose locations
must obey a very rigid scheme; we can obtain results for a large number of closely
spaced distance intervals. Our proposal is tested using data from the Parkway,
Wainuiomata, temporary array, which operated for almost two months in 1994. The
results are excellent.

Keywords: conditional simulation, kriging method, dispersion, asynchronous earthquake
input motions
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Responding to Earthquake Hazard Effects: Promoting Household
Resilience and Preparedness
Douglas Paton1, Leigh Smith2, Malcolm Johnston3, David Johnston4 and Kevin Ronan1
Central to contemporary emergency planning is the development of individual/
household resilience to hazard effects. Drawing upon work conducted in New Zealand
on risk perception and preparedness for volcanic hazards, this paper outlines a model,
derived from Protection Motivation Theory and the Theory of Planned Behaviour to
predict the causal relationship between certain social cognitive variables and individual
preparation for natural hazard effects. Core elements in the model include outcome
expectancy, risk perception, self-efficacy and action coping. The role of earthquake
anxiety was also examined. From this a tentative model of individual risk reduction
behaviour is proposed. Data from the members of four communities in New Zealand
were collected to test the model. Structural equation modelling was used to fit the data to
the model in regard to preparedness for earthquake hazards. The implications of this
model for developing key performance indicators for personal resilience and for
intervention planning is discussed. In regard to the latter, by linking these findings to
earlier work the opportunities for developing intervention strategies by incorporating
them within a community empowerment process is discussed, as is the capability of the
model to operate within an all-hazards management framework.

Keywords: community resilience, preparedness, public education
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A Constitutive Model for Concrete Cylinder Confined by Steel
Reinforcement and Carbon Fiber Sheet

Fragility Curves for Seismically Retrofitted Concrete Bridges
Sang-Hoon Kim1

1

2

Yeou-Fong Li , Tsang-Sheng Fang and Ching-Churn Chern

2

In this paper, we modify the L-L model (Li et al., 2002) and extend the application of
this model to concrete cylinders confined, respectively, by steel reinforcement only, by
carbon fiber reinforced plastic (CFRP) only, and by both steel reinforcement and CFRP.
Thirty-six concrete cylinders with dimensions of a 30cm diameter and 60cm height were
tested to verify the effectiveness of the Modified L-L model. The design parameters of
the concrete cylinders include the different confinement types of the steel reinforcement
(such as spiral and circular hoop) and the number of layers of CFRP. The experimental
test results show that different types of steel reinforcement have a great effect on the
compressive strength of concrete cylinders confined by steel reinforcement, but the
different types of steel reinforcement have very little effect on concrete cylinders
confined by both steel reinforcement and CFRP. Compared with the stress-strain curves
of confined concrete cylinders, we can conclude that the Modified L-L model can
provide more effective prediction than Kawashima models.

This study presents the development of fragility curves of the Caltrans bridges. The
bridges were seismically strengthened following the 1994 Northridge earthquake by the
retrofitting of steel jacketing of bridge columns and restrainers at expansion joints.
Monte Carlo simulation is performed to study nonlinear dynamic responses of the
bridges before and after retrofit. Fragility curves in this study are represented by
lognormal distribution functions with two parameters (fragility parameters consisting of
median and log-standard deviation) and developed as a function of peak ground
acceleration (PGA). The sixty ground acceleration time histories for Los Angeles area
developed for FEMA SAC project are used for the dynamic analysis of the bridges and a
computer code is developed to calculate hysteretic parameters of bridge columns before
and after steel jacketing. The effect of retrofit is expressed in terms of the increase of the
median value of the fragility curve for retrofitted bridge from that of the bridge before
retrofit. The comparison of fragility curves of the bridges before and after column
retrofit demonstrates that the improvement of the bridges with steel jacketing on the
seismic performance is excellent for the damage states defined in this study.

Keywords: constitutive model, confined concrete, steel reinforcement, carbon fiber
reinforced plastics
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Artificial Neural Network (ANN) Modeling for Earthqauke Damage
Detection in Water Distribution System

Improvement of Building Machinery for the Rescue of Persons Buried
Alive

Shiro Takada1, Nemat Hassani2 and Reza Rasti3

Sascha Gentes1

The artificial neural networks (ANN) as a non-parametric system identification approach
present a robust and efficient way to simulate the nonlinear behavior of engineering
systems. In this paper an artificial neural network, a general back error propagating
perceptron, is used to detect damage in pipelines in water distribution systems which are
involved in earthquakes. Since the pipes are buried underground, it is possible that their
damage may not be found, even through extensive excavation. The failure point or
points were obtained by using the amount of water discharge from the tanks. The states
of probable failures then have to be computed. The amount of output discharge from the
tanks is obtained by direct analysis for different states of pipe failure. Through a
parametric study, different geometries, shapes, diameters and pressures of the water
network are surveyed and the best network architecture for each case is obtained. The
peak responses and phase delays are assumed to be the network outputs. Another feature
is that the network can be operated in a supervised manner. The study shows the
efficiency and capability of the ANN to model the observed nonlinear behavior.

Standard building machinery is not suited to the rescue of people buried in damaged
buildings after an earthquake or an explosion. Heavy machinery is normally used
immediatly after an accident has happened to remove massive pieces of rubble. As a
result of the excessive forces which are discharged into the heap of rubble people buried
under suffer fatal injuries. The main problem in this context are pieces of rubble with an
diameter below 150 millimetres. Because everything is covered by them it is neither
possible to scrutinize the structure of the rubble nor to estimate the dimensions of beams,
columns or parts of ceilings. The central idea of this project is the automatic removal of
small pieces of rubble by a suction plant. The computer-controlled pipe, which is
fastened to a jib of an excavator, follows the structure of the heap of rubble
automatically. It can therefore also work in areas which are out of the driver's sight. The
suction plant replaces the dangerous manual removal which is currently standard.
Additionally other pieces of machinery, for example chrushers and grabs, shall be
examined for possibilities of improvement to modify them for dismantling the damaged
building.

Keywords: artificial neural network, back error propagation, water distribution system,
back analysis
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Displacement Capacity of Dual Reinforced Concrete Building Systems
Tom Paulay1
To enable expected seismic displacement demands on building systems to be
accommodated, the knowledge of its dependable displacement capacity is indispensable.
A rational and simple approach to relevant displacement estimates is presented. The
displacement capacity of a ductile system is controlled by either that of its clearly
identified critical element, or by magnitudes of storey drifts satisfying codified
performance criteria or those chosen by the designer. Attractive features of this design,
rather than analysis-oriented approach, are that displacement capacity estimates do not
require the knowledge of seismic strength. The designer may assign fractions of the
lateral design forces, eventually required, to various elements, to suit design intentions
and practicality in construction, with disregard for traditionally perceived values of
element stiffness.

Keywords: displacement capacity, reinforced concrete, seismic design
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Estimation of Seismic Strength of RC Frames Designed to Gravity Loads in
Korea

Seismic Performances of Reinforced Concrete Frames under Low Intensity
Earthquake Effects

Young Lee1

Bing Li1, Y.M. Wu1 and T.C. Pan1

The seismic design regulations have not been applied to low buildings that are less than
6 stories in Korea. Although they are only designed for gravity loads, they have inherent
strength to resist moderate earthquakes. In this study, to have a clear understanding the
characteristics of the inherent strength, theoretical equations are derived based on
column or beam hinge sway mechanism. For the comparison of accuracy, the 3, 4 and 5story buildings are designed and push-over analyses were performed. The comparisons
show good agreement between theoretical values and numerical analyses for weak
column – strong beam structures. The strength of re-bar, steel ratio of column, bay
number and span length are all shown to be proportional to the inherent strength but
story height and DL are shown to be inversely proportional to the inherent strength.

In a region of low to moderate seismic risk and low wind speed, such as Singapore and
Malaysia, buildings with relatively weak lateral structural resisting system are likely to
represent a large portion of the building inventory. Many buildings appear to contain
possible soft-stories. Although ground shaking motions, due to long distance
earthquakes centred in Sumatra, have occurred in Singapore and Malaysia, there has
been no record of earthquake damage in this region. However the reinforced concrete
design code, BS 8110, used in Singapore and Malaysia does not specify any requirement
for seismic design or detailing of reinforced concrete structures. The main objective of
this paper is to strengthen the need to look into the seismic performance of some typical
existing and prospective reinforced concrete frame structures designed to BS 8110 in
Singapore under low seismic loading. The performance of the structures is checked
through a non-linear dynamic analysis.

Keywords: seismic inherent strength, designed, gravity loads, reinforced concrete frame,
estimation

Keywords: beam-column joints, ductility, strength
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Analytical Model for Beam to Column Joints in RC Moment Resisting
Frames
S.R. Uma1 and A. Meher Prasad2
Damage in reinforced concrete structures from earthquake attacks was mainly attributed
to shear force due to the inadequate detailing of reinforcement and the lack of transverse
steel and confinement of concrete in structural elements. For better seismic performance
of R/C moment resisting frames, joint panel zones are preferred to be elastic, however,
weak joints undergo inelastic deformations and fail in shear and bond. In this paper, a
new analytical model for shear characteristics of joint has been proposed which
estimates the shear strength capacity and predicts the amount of shear deformation by
establishing shear stress-shear strain relationship based on softened truss model theory.
The model adopts constitutive law for softened concrete including confinement effect in
the joint. Inelastic behavior associated with the slip of longitudinal reinforcement
anchored in the joint is represented through bar slippage model. The response of joints
and its effect on overall behavior have been studied by carrying out nonlinear dynamic
analysis on experimental sub-assemblages under cyclic loads. The critical responses in
the joint behavior were noted down and good comparison was observed with available
experimental results.

Keywords: analytical model, beam-column joint, bond-slip, cyclic loads, joint shear
deformation, moment resisting frames, non-linear dynamic analysis
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Estimation of Shear Strength of Reinforced Concrete Interior Beamcolumn Joints by using Database of Experimental Results

Mass-eccentric Building Structures: Effects of Asymmetric Distribution of
Axial Forces in Vertical Resisting Elements

Toshio Kusakari1 and Osamu Joh2

Mario De Stefano1 and Barbara Pintucchi1

Effective factors on shear resistance of R/C interior beam-column joints•@were
analyzed using experimental data including 303 specimens tested in Japan•@and
abroad from 1971 to 2000. These specimens could be classified into four types of
failure mode: 1)shear failure in joints without beam or column yielding (J-type), 2)shear
failure after beam or column yielding (BJ and BJ•f-type), 3) flexural failure in beam
ends without joints failure (B-type), 4) flexural failure in column ends without joints
failure (C-type). The number of specimens in the four failure types is 55, 180, 64, 4,
respectively. A reliable equation to evaluate the joint shear strength was proposed using
the regression analysis of the shear strength and three factors: concrete strength, column
axial stress and bond index which was consisted of joint reinforcement and beam bar
bond stress in the joint. The failure modes in joint shear and in beam/column flexure can
be easily distinguished by this equation.

Torsional behavior of asymmetric buildings is one of the most frequent sources of
structural damage and failure during strong ground motions. Plan irregularity of
buildings frequently involves the asymmetric distribution of mass which results in
rotational motions of the floor slab in addition to the translational motions, even for stiff,
strong symmetric systems. As a consequence, both force and displacement demands on
vertical resisting elements can be larger then those they would experience in the
presence of mass symmetry. Moreover, asymmetric distributions of mass leed to an
asymmetric distribution of axial forces in resisting elements, presenting different lateral
strength capabilities because of the influence of interaction phenomena. However,
simple single storey asymmetric models used so far are not capable to show the
influence of these aspects. They have in fact been developed under the assumption that
resisting elements are able to sustain uni-directional horizontal forces only, and no
allowance for vertical forces is usually made. Therefore, a refined advanced numerical
model of one-storey asymmetric building structures has been developed which is able to
overcome limitations of the above-mentioned simplified models. This new idealization
can take into account the presence of vertical forces due both gravity loads and vertical
input ground motion as well as effects of inelastic interaction between axial force and bidirectional horizontal forces. Results obtained from this new model are compared to
those from previous models. It is evident of the significant effects of plan-asymmetry of
axial forces due to gravity loads on the overall lateral-torsional inelastic behaviour.

Keywords: reinforced concrete, beam-column joint, strength, shear resistance
mechanisms
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A Proper Member Model for Member Flexural Behaviour at the Fixed-ends
Aizhen Liu1, Athol Carr2 and Bob Park3
Key elements in seismic assessment of an existing reinforced concrete structure are the
identification of the non-linear deformation sources of a member and adequate
modelling of the identified non-linear behaviour. Tests on as-built reinforced concrete
components with plain round longitudinal bars shows that the major non-linear
deformation is due to flexural cracks of beams at beam-column interface, referred to as
the fixed-end rotation of the beams. Beam deformation at the fixed-end occurs mainly
due to severe bond degradation along the longitudinal reinforcement within the joint
core and it is associated with beam force transfer across the joint core and therefore
associated with the other members framing into the same joint. All the existing member
models assume that post-elastic behaviour of a member is fully determined by the
considered member. Hence, there is a need for incorporating other members at the same
joint in adequately modelling member behaviour at the fixed-end. Subsequently, a
tentative member model is proposed.

Keywords: member model,post-elastic seismic behaviour, seismic assessment, bond slip,
fixed-end rotation, beam-column joint
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Multi-surface Strength Model for Concrete Beam-column Joints Subjected
to Cyclic Loading

Cyclic Strut-and-tie Modelling of Reinforced Concrete Structures
Nicholas To1, Jason Ingham1, Barry Davidson1 and Sri Sritharan2

1

1

Sau-cheong Fan and Zhengnan Yin

Laboratory tests of structural elements, in particular the reinforced concrete beamcolumn joints, subjected to cyclic loading provide useful information of the structural
damage and post-damage ductile behaviour during an earthquake. With the advent of
computer technology, it is possible to study the complicated phenomena through
numerical simulations. However, the major hindrance lies in the establishment of a
sound constitutive model for concrete. This paper puts in place a multi-surface strength
model for concrete, which accounts for the elastic, plastic, damage and post-damage
behaviour. It is a semi-theoretical model, in which the strength envelope is derived from
experimental meridians and completed through strength theory. Different from those
popular but over-simplistic strength criteria, such as Tresca and Mises, the present
strength model takes into account all stresses. Eventually, the strength model is
presented in multi-surface form in the 3-dimensional stress space (π-space) for different
phases. The key one is the maximum strength surface, which is subsequently used to
derive the elastic-limit surface and series of plastic loading surfaces. In addition,
evolution of stress states is governed by known rules for the loading-unloading-reloading
processes. In the pre-damage phase, non-associate plasticity and hardening rule are
employed to govern the behaviour of concrete. In the post-damage phase, anisotropic
damage theory is used to describe the stiffness degradation. The numerical simulation of
a beam-column joint is presented and compared with experimental results

Nonlinear cyclic force-displacement responses of three concrete cantilever beams and
three large-scale concrete bridge knee-joint systems were analysed using nonlinear
cyclic strut-and-tie models. Existing element models in computer program
RUAUMOKO were employed for performing the nonlinear analyses. The analytical
results were found to compare satisfactorily with the experimental data.

Keywords: cyclic structural response, strut-and-tie model
Keywords: strength theory, concrete, constitutive law, cyclic loading
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The Generation of Inelastic Response Spectra for Earthquake Acceleration
Records
Athol Carr1
In 1960 Newmark showed that the displacements of inelastic structures subjected to
earthquake excitation were similar to those of the same structure when it behaved
elastically. Code writers have taken this to develop the equal displacement concept that
has been the mainstay of seismic design codes for the past 40 years. Modifications have
been made to the approach for structures with short natural periods of free vibration, to
use the equal energy and equal acceleration concepts when deriving the inelastic design
spectra. It will be shown in this paper that many of these assumptions are not particularly
true even for the earthquake accelerograms used by Newmark. With all the advances in
the analysis methods and design philosophies, such as capacity design and performance
based design, made over the past 40 years that it is appropriate than the basic
assumptions used in deriving the inelastic design spectra need to be re-appraised. This
paper will outline a method of deriving the inelastic design spectra for any earthquake
excitation allowing for almost any stiffness and strength degradation models to be used
to represent the structural behaviour.

Keywords: inelastic response spectra, analysis, design spectra
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Waves, Layers, Microtremors, Earthquakes – Lessons from Four Soft Sites

Evaluation of Parameters of Future Earthquakes for Purposes of Seismic
Zonation and Hazard Assessment

Bill Stephenson1, Hortencia Flores2 and Cinna Lomnitz3
Soil-to-rock spectral ratios for earthquake motions and horizontal-to-vertical spectral
ratios for microtremors ("Nakamura ratios"), are compared for four sites which are all
composed of thick soft alluvium. The range of amplifications within the class "soft site"
is large. The differences in amplification can sometimes be identified by studying
horizontal-to-vertical spectral ratios for microtremors.

Vladimir Yu. Sokolov1, Arkady V. Ovcharenko2, Chin-Hsiung Loh3 and KuoLiang Wen4
The method for evaluation of seismic hazards, which is based on models of dynamic
deformation of the Earth’s crust, is described. The 4D-model (geographic coordinates,
depth, and time) of deformation is constructed on the basis of observed geophysical data,
such as data from GPS networks, Sea Water Level monitoring, seismic catalogues, and
other data reflecting the dynamic process of the deformation. The process is considered
as the interaction of slowly propagating waves (fronts) of deformation, the moving
velocities of which vary between 0.05-300 km per year (effective widths about several
tens of kilometres). The possible earthquakes could be revealed by analysis of
distribution of deformation inside the crust. The case of recent 1999 Chi-Chi, Taiwan,
earthquake of M=7.6 is described as an example. On the other hand, the seismic events
are considered as the peculiar points of dynamic deformation – the moments of
interaction of four and more fronts of deformation. Earthquake magnitude is evaluated
using statistical 5D-model (geographic coordinates, depth, time, magnitude). The
4D/5D-models are applied jointly for the compilation of a theoretical seismic catalogue
for the nearest tens of years that is used for the purposes of seismic zonation. The results
of the modelling are described for the case of Taiwan region. Theoretical catalogues are
also compared with observed data.

Keywords: Modelling, Crust Deformation, Seismicity, Earthquake Prediction
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Testing the Extensibility of an Earthquake Vulnerability Microzonation
Methodology by Application at Bargara, Queensland

The Influence of Ground Motion Characteristics on Site Response
Coefficients

Mike Turnbull1

Russell Green1 and Wanda Cameron1

The author has developed an extensible methodology for conducting microzonation
surveys for vulnerability to earthquake shaking. This methodology was used to survey
the City of Bundaberg, Queensland. The methodology has now been used to conduct a
similar survey of the adjoining town of Bargara. The geology of the two survey areas is
quite different. This has allowed the methodology’s extensibility to be tested. The results
of that test are provided in this paper.

Site response coefficients are used by many building codes to relate rock motions to
corresponding motions for site conditions other than rock. The site response coefficients
in the latest edition of the NEHRP Provisions were derived from observed earthquake
motions, largely supplemented by data from numerical site response analyses. The input
motions used in the site response analyses were wide ranging in characteristics, with the
derived site amplification coefficients specified universally across the US. However, the
amplification of seismic waves varies as a function of the motions' frequency content
relative to the elastic dynamic characteristics of the soil profile, in addition to factors
such as impedance ratio and soil non-linearity. Given the difference in the frequency
characteristics of the ground motions observed in the various tectonic regimes across the
US, it should not be expected that similar soil profiles located across the US will amplify
motions similarly, if subjected to regionally-characteristic earthquakes, irrespective of
soil non-linearity. Examined herein is the influence of the frequency characteristics of
ground motion on the ratio of the computed soil surface pga to the corresponding rock
outcrop pga, with a clear trend being identified, providing credence for the development
of region specific site response coefficients.

Keywords: microzonation, risk, vulnerability, Nakamura, site effect, spectral ratio
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Achievements and Future Challenges for Earthquake Engineering in
Australia
Mike Griffith1
The Australian Earthquake Engineering Society was established in 1990 with its main
objective to promote and advance the practice of earthquake engineering and
engineering seismology in Australia. In the decade or so since its establishment the
Society has had some successes in this regard as well as some disappointments. In this
paper, the author will highlight these along with research and other important
professional developments during this period. The perceived obstacles to getting a better
take-up of earthquake engineering amongst Australian practitioners and the role of the
Society in furthering the cause of earthquake engineering in Australia will then be
discussed. The paper will conclude with an outline of possible strategies for overcoming
these obstacles.
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A New Algorithm for Non-linear Dynamic Structural Analysis

Probabilistic Seismic Hazard Analysis of Semi-active Control of Tall
Structures

Bruce Golley1, Alistair Mitchell2 and Joe Petrolito3
Geoffrey Chase1, Luciana Barroso2 and Steve Hunt1
The analysis of structures under dynamic loading is generally carried out using time
stepping methods, of which the most popular is Newmark's method. In most non-linear
methods, dynamic equilibrium is satisfied at the ends of the time step, although in some
methods it is satisfied at the midpoint. In this paper, linear structures are first considered,
and properties of the exact amplification matrix are noted. An approximate procedure is
then developed using cubic interpolation, with coefficients being chosen using weighted
residuals with unspecified weight functions. Properties of the weight functions are then
determined such that the amplification matrix is of a similar form to the exact matrix,
and are unconditionally stable, permits controlled algorithmic damping and is of the
maximum available accuracy. The procedure is shown to be equivalent to a weighted
sum procedure based on two pairs of sampling points, thus satisfying dynamic
equilibrium in an average sense. The weighted sum procedure is ideal for solving nonlinear problems.

Keywords: time stepping, unconditional stability, weighted integrals

The structural engineering community has been making great strides in recent years to
develop performance-based earthquake engineering methodologies for both new and
existing construction. Structural control can provide an additional method to meet
desired performance objectives. Design of a structure/controller system should involve a
thorough understanding of how various types of controllers enhance structural
performance, such that the most effective type of controller is selected for the given
structure and seismic hazard. This research develops probabilistic seismic demand
curves to evaluate the performance of semi-active control systems under seismic
excitations, so that the probability that any damage measure exceeds a pre-determined
allowable limit can be determined. This study focuses on steel moment resisting frames,
specifically the nine-story SAC Phase II structure designed for the Los Angeles region.
Several controllers are developed for each structure, and their performance is judged
based on the drift, dissipated hysteretic energy, and floor acceleration demands. The use
of a probabilistic format allows for a consideration of structural response over a range of
seismic hazards. The resulting annual demand hazard curves can be used to evaluate the
effect of different control parameters as well as provide a basis for comparison between
different control strategies.

Keywords: seismic hazard analysis, performance based design, structural control, semiactive control
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Seismic Engineering for Replacement Research Reactor in Australia
Kourosh Kayvani1, Boyne Schmidt1, John Steele1 and Geoff Sidwell2
This paper describes various aspects of the seismic engineering of the Replacement
Research Reactor Project (RRRP) at Lucas Heights near Sydney, Australia. They
include: seismic hazard studies; codes and criteria; 3D response spectral analyses of the
Reactor Building and design of shear walls; 3D time history analysis of the Reactor
Building under synthetically generated ground accelerations; derivation of floor spectra
for equipment design; seismic qualification of the Reactor Block; and Beyond Design
Basis assessment of the Reactor Building using push over analysis.

Keywords: Research Reactor,Seismic, Nuclear, Time History Analysis, Floor Spectra
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Full Sized House Cyclic Racking Test

An Efficient Model for Seismic Analysis of Building Structures with the
Effect of Floor Slabs

Stuart Thurston1 and Andrew King1
1

2

3

D-G Lee , S-K Ahn and D-K Kim

Most of the building structures consist of structural elements such as beams, columns,
braces, shear walls, foundations, and floor slabs. In general, the models used for the
analysis of building structures are prepared without the floor slabs assuming that they
would have ignorable effects on the response of a structure. Therefore, the floor slabs are
simply replaced by rigid floor diaphragms for the efficiency in the analysis.
Several researchers attempted to study the effects of floor slabs using finite element
models with refined plate element meshes to account for the flexural stiffness of floor
slabs. Since beams and floor slabs are not located in a common plane, in general, rigid
bodies shall be introduced to represent the T-beam effects. Therefore, the model used in
the analysis of building structures with floor slabs would have refined finite element
meshes with too many degrees of freedom to be used for the practical engineering
purpose.

Earthquake and wind loads for timber framed house designs in New Zealand are
specified in NZS 3604. Various lining and cladding manufacturers publish bracing
strengths for their wall systems based on the BRANZ P21 racking test. The P21 tests are
carried out on a short length of wall with contrived end restraints to simulate continuity
of actual construction.
To verify that this design approach is realistic, an existing house was relined and
cyclically racked to failure. This paper compares the actual house strength with the
strength determined using the NZS 3604 design provisions.

The analytical model was proposed in this study for the efficient seismic analysis of
building structures considering the flexural stiffness of the floor slabs. The proposed
models employ super elements, rigid diaphragms, and the substructuring technique to
minimize the number of degrees of freedom to be used in the analysis.
Analyses of several example structures were performed to verify the efficiency and the
accuracy of the proposed model in the seismic analysis of multistory building structures.
The proposed model could provide seismic response of the example structures in
significantly reduced computational times while the accuracy in the analysis results such
as vibration periods and response time histories were very close to those obtained from
the refined model.
Keywords: flexural stiffness of floor slab, T-beam, substructure, super element, rigid
diaphragm assumption, stick model
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The Effect of Eccentric Overturning Restraint in Complete Shear Wall
Assemblies
Steve Pryor1
In this paper various aspects of the effect of eccentricity in overturning restraint devices
used in light-framed wood shear walls is discussed. To accurately assess the demand on
the tension end post, three dimensional nonlinear finite element modeling is used to
investigate the effect that sheathing/nailing can have on the boundary posts in shear
walls. Results are presented at both the allowable stress design level and at the strength
limit state, and these results are compared against a bare post analysis. Additionally,
both one and two story conditions are analyzed. The results show that the
sheathing/nailing can significantly reduce the internal post stresses, and that this
reduction is proportional to post stiffness and nail spacing.

Keywords: holdown, eccentricity, overturning, sheathing, nailing
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Earthquake Duration Effects on Very Low Cycle Structural Damage
Estimates

Comparison of Pseudo-dynamic Test and Inelastic Time History Computer
Analysis

John van de Lindt1 and Ginhuat Goh1

Stuart Thurston1

The duration of strong ground motion has been shown to have a significant effect on the
level of damage sustained by engineered structures during moderate to severe
earthquakes. In this study, the authors develop and make use of the regressive
relationship between the fundamental structural period of a system and the number of
deformation response cycles during an earthquake of a specified duration. Damage is
assumed to accumulate linearly in a structure or component based on the well-known
Park-Ang damage model. The deformation response peaks for non-linear systems can be
shown to closely fit a two-parameter Weibull distribution. Knowledge of the statistics of
the response peaks for non-linear systems was combined with the theory of order
statistics to quantify the effect of duration on damage estimates. It is concluded, based
on the mean structural reliability indices for a suite of non-linear systems, that
earthquake duration has a significant effect that it should be considered in seismic
reliability analyses that focus on low-cycle damage.

The paper discusses the reasoning behind the performance of pseudo-dynamic tests, the
background and the theory. The pseudo-dynamic testing facilities developed at BRANZ
were verified by comparing with inelastic time history analysis.

Keywords: earthquake duration, damage index, structural reliability index
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The Component Attenuation Model for Low and Moderate Seismic Regions
Nelson Lam1 and John Wilson1
The Component Attenuation Model (CAM) has been developed over the past five years
to model the seismic demand for low and moderate seismic regions. The key objective of
this paper is to explain the underlying concept of CAM which is primarily to address
problems arising from the paucity of strong motion records. Emphasis is on how to
incorporate regional geological and seismological parameters into the modelling.
Important features to highlight include the modelling for source effects, long distance
attenuation, regional upper crustal effects, and soil resonance with particular reference to
velocity and displacement response spectra. CAM is currently used in the assessment of
seismic hazard for Australia, Southern and Eastern China, Singapore and Indo-China.

Keywords: response spectrum, intraplate, low and moderate seismicity, component
attenuation model
1

The University of Melbourne, Parkville, Australia
Paper 099

Oral Presentation 6.3.3

Oral Presentation 6.3.2

Factors Bounding Prograde Rayleigh-wave Particle Motion in a Soft-soil
Layer

Average Response Spectra from Some Australian Earthquakes
Trevor Allen1, Gary Gibson2 and Jim Cull1

Bill Stephenson1
Response spectra have been calculated for three moderate magnitude southeastern
Australian earthquakes (from MW 4.1 to MW 4.4) with epicentral locations within
Palaeozoic terranes. Average 5 per cent damped spectral acceleration and spectral
pseudo-velocity are compared with expected results from published attenuation
functions using Californian data. Results indicate that for Australian earthquakes, a
single-degree-of-freedom system will tend to approach a peak ground acceleration
(PGA) or peak ground pseudo-velocity (PGV) at higher frequencies than their
Californian counterparts, particularly in the near-field. This can be attributed to the
shorter duration and unusually high stress drops typically observed for Australian
earthquakes. In the far-field, attenuation of the high frequency content yields equivalent
responses for both regions. Moreover, low frequency ground motion is comparable in
the near-field, however, at distance the long period motion is lower for Australian
events.

The ellipticity of particle orbits is calculated for Rayleigh waves travelling in a soil layer
lying upon a rock half-space, for a selection of different combinations of Poisson ratio in
the soil, and shear wave impedance contrast between the soil and the rock. If either or
both the Poisson ratio of the soil and the shear wave impedance contrast between the soil
and the rock, are high, there is a range of frequencies for which the particle orbit
becomes prograde. In transitions between prograde and retrograde motion, the
Horizontal-to-Vertical Spectral Ratio (HVSR) of the waves becomes in turn very large
and then very small with increasing frequency. It follows that any site with an HVSR
that has the typical structure of a high peak followed by a low trough must be soft, must
trap energy by reflection, and will be particularly prone to amplify earthquake shaking.

More data are required to produce a comprehensive local spectral attenuation function.
These results, however, take a constructive step towards the development of Australian
response attenuation functions derived entirely from spectral amplitude data. In the
absence of quality Australian strong motion recordings from very large earthquakes
(necessary to describe engineering design spectra), these data may assist in choosing
between published attenuation functions for future earthquake hazard studies.

Keywords: Australian earthquakes, response spectra, attenuation functions, high
frequency PGA
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Seismic Displacement Response Predictions using a Calibrated Substitute Structure
Approach M.R. Edwards, J.L. Wilson and N.T.K. Lam
Displacement Focussed Seismic Design Methods - A Comparative Study H.J. Judi, B.J.
Davidson and R.C. Fenwick
Parametric Study of Reinforced Concrete Walls with Irregular Openings H. Wu and B.
Li
Investigating the Load Paths of RC Shear Wall with Openings under Reversed Cyclic
Loadings H. Wu and B. Li
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Chaired by Richard Sharpe

Development of the Network for Earthquake Engineering Simulation R. Reitherman
Seismic Performance of Internal Beam-column Joints with 500 Grade Reinforcement
L.M. Megget, R.C. Fenwick and N. Amso
Assessing the Seismic Performance of Reinforcement Coupler Systems A. Bai, J.M.
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Grade 500 Reinforcement: Design Issues with L, N and E Grade Reinforcing Steel and
the Overstrength of Pacific Steel Micro Alloy Reinforcement C.J. Allington and D.K.
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Caracus Earthquake, 1967, Revisited R.I. Skinner
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Theoretical Design and Field Deployment of a Dense Strong Motion Instrument
Network for the Alpine Fault, South Island, New Zealand. C. Francois, J.B. Berrill and
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Seismic Displacement Response Predictions using a Calibrated Substitute
Structure Approach

Displacement Focussed Seismic Design Methods - A Comparative Study
Hayder Judi1, Barry Davidson2 and Richard Fenwick2

1

1

1

Mark Edwards , John Wilson and Nelson Lam

Performance based design of structural systems requires realistic predictions of
displacement response to earthquake excitation. Considerable research effort has been
undertaken internationally with approximate methods published to enable practitioners
to make some prediction of peak displacement demand. This paper describes some of the
research that has been undertaken to examine the nature of deformation and damping in
reinforced concrete frame systems based on a large data base of experimental testing
with a particular focus on the substitute structure method. The findings have been
incorporated into detailed time history analysis models that have, in turn, been used to
calibrate a linear idealisation of response. Comparisons made with other published
predictive methods have been encouraging for the limited structural range considered.
The results suggest that a substitute structure methodology can be calibrated to provide
an improved prediction of maximum displacement response when compared with other
published methods.

Two methods of seismic design, namely Direct Displacement Based Design and
Displacement Focused Force Based Design, are reviewed together with the Capacity
Spectrum Method for the analysis for existing structures. Modifications to these three
approaches are proposed to enable them to more accurately predict the influence of
different hysteretic behaviour on response. To assess the relative accuracy of these
methods, a range of single degree of freedom structures were proportioned by each of
the methods for different hysteretic behaviours. The responses of these proportioned
structures to four different earthquake records were then determined. A comparison of
the maximum displacement recorded in each time history analysis, shows that there is
little to pick between the three design approaches in terms of accuracy.

Keywords: displacement, prediction, concrete, damping, substitute, structure
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Parametric Study of Reinforced Concrete Walls with Irregular Openings
Hui Wu1 and Bing Li1
A parametric study was conducted on reinforced concrete walls with irregular openings
to investigate the influence of critical parameters on the behavior of the walls subjected
to earthquake loading. The parameters included the flanges, the axial load, and the sizes
and positions of the openings. The parameters were added to the specimens tested by the
previous researchers. The study was conducted using a reliable non-linear finite element
program. The load paths indicated by the principal compressive stress flows, obtained
from the finite element analysis, were studied to understand the influence of these
parameters on the force transfer mechanisms of the walls. Analytical results show that
the flange and axial loads increased the load carrying capacity of the walls, but caused a
decrease of the structural ductility. The sizes and positions of openings showed direct
relationships with the levels of strength, stiffness and ductility the walls, with walls
containing larger and more frequent openings exhibiting poorer performance. However,
the walls could perform satisfactorily if the opening areas were limited within certain
levels and the walls were well detailed to ensure the force-transfer mechanisms in the
walls could function suitably.

Keywords: wall with irregular openings, parametric study, load path, force-transferred
mechanism
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Investigating the Load Paths of RC Shear Wall with Openings under
Reversed Cyclic Loadings

Development of the Network for Earthquake Engineering Simulation
Bob Reitherman1

1

Hui Wu and Bing Li

1

Ten models of structural walls were analyzed using a reliable non-linear finite element
program. Six models walls with low aspect ratios, including one solid wall, three walls
with irregular openings and two walls with regular openings, were identical with the
specimens tested by Yanez in the University of Canterbury. The other four slender walls,
including one solid wall and three walls with stagger openings, were tested by Ali in the
University of Michigan. The models were analyzed under reversed cyclic loading to
simulate the behavior of the walls subjected to earthquake. Based on the principal
compressive stress flows obtained from the finite element analysis, the load paths in the
walls with irregular openings were proposed to understand the force transfer
mechanisms in these walls. The load paths showed a good correlation with the strut-andtie models proposed to design these walls. The typical principal stress distributions and
the internal forces of the sections in some critical zones at each ductility level were
studied to verify the load paths. Similar force transfer mechanisms were found in the
walls with regular openings. A cyclic strut-and-tie model for walls with openings
proposed based on the analytical results was also analyzed.

The Engineering Directorate of the National Science Foundation (NSF) of the United
States has initiated a major program designed to advance earthquake engineering by
infusing it with recent developments in information technology (IT). The program is the
George E. Brown, Jr. Network for Earthquake Engineering Simulation (NEES). The
components of NEES are currently under development and are scheduled for completion
in the fall of 2004 to be ready for NEES Collaboratory research. "Collaboratory" is a
term derived from "collaborative" and "laboratory" that describes how researchers,
whether they are conducting experimental or simulation investigations, can use
information technology tools to work at the same time on the same research project even
though they are not located in the same physical laboratory. NEES is planned to be
operational from 2004 through 2014. Further information on NEES is available at
http://www.nees.org./.

Keywords: wall with openings, load path, principal compressive stress flow, strut-and-tie
model, stress distribution
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Seismic Performance of Internal Beam-column Joints with 500 Grade
Reinforcement
Les Megget1, Richard Fenwick1 and Namir Amso1
To assess the performance of grade 500 reinforcement in beam-column joint zones, three
beam-column sub-assemblies were built and tested. The units were detailed to comply
with the minimum requirements of the Structural Concrete Standard in the joint zone.
The test results show that bar slip occurred at ductility levels appreciably lower than the
permissible design values implied in the Loadings and Structural Concrete Standards.
This slip led to a loss of stiffness together with a loss of strength. It was also found that
replacing grade 300 reinforcement with grade 500 reinforcement significantly reduces
the effective stiffness of both the joint zone and the beams in the pre-yield load cycles.
To avoid the problems associated with both bond in internal joint zones and loss of
stiffness in beams, it is recommended that the beams of ductile moment resisting frames
should be designed using grade 300 reinforcement.

Keywords: joints, bond, stiffness, slip
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Grade 500 Reinforcement: Design Issues with L, N and E Grade
Reinforcing Steel and the Overstrength of Pacific Steel Micro Alloy
Reinforcement

Assessing the Seismic Performance of Reinforcement Coupler Systems
Anselmo Bai1, Jason Ingham1 and Richard Hunt1
International literature reporting on reinforcing mechanical connection system testing
protocols and experimental studies conducted in the United States, Japan, and Europe
were assessed to provide recommendations for an upcoming review of the New Zealand
reinforced concrete design standard. Both static and seismic conditions, in terms of their
relevance in the New Zealand context, were considered in the literature review. At
conclusion of this exercise, new standard criteria for the use of mechanical connection
systems in New Zealand were proposed, and a range of couplers commonly used in New
Zealand were subjected to preliminary tests in accordance with the proposed standard
criteria. Testing indicated that the couplers performed in a satisfactory manners.

Chris Allington1 and Des Bull1
Using the principles of capacity design, it is necessary to be able to predict the maximum
strength of the yielding elements in a structure. The ratio of the maximum moment
capacity divided by the nominal moment capacity is commonly called the overstrength
factor for a reinforced concrete member. With the introduction of Grade 500
reinforcement into the marketplace, it is necessary to determine the change in the
overstrength factor compared to that for Grade 430 reinforcement. This paper presents
the results obtained from an analytical study aimed at determining the overstrength
factor for concrete members with Grade 500 reinforcement as longitudinal steel.

Keywords: Grade 500 reinforcement, overstrength
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Caracus Earthquake, 1967, Revisited
Ivan Skinner1
This paper examines the types of earthquake damage which occurred throughout and
near the city of Caracus, Venezuela, in 1967. Attempts were made to deduce the
mechanisms of damage and collapse, and their causes. The character of the earthquake
motions were estimated, and included large microzone effects due to varying depths of
alluvium throughout the city, and a very severe ground lurch towards the north at the
Macuto Beach resort. New Zealand responses to lessons from the Caracus earthquake
are discussed. A more detailed account is given in the author’s original report (Skinner
1968).

Keywords: microzones, near-fault pulses, engineering studies, matched buildings
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Modeling Magnitude Distribution for Local Hazard Evaluation: A New
Approach

Instrumental Measures of Earthquake Intensity in New Zealand.
Peter Davenport1

1
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Giuseppe Grandori , Elisa Guagenti and Lorenza Petrini

2

For the design of ordinary buildings, many seismic codes prescribe to assume the peak
ground acceleration corresponding to a return period of the order of 500 years at the site,
a(500). This quantity is dominated by the size distribution of strong earthquakes that are
expected in the zone. On the other hand, the number of strong earthquakes in available
catalogs is generally not sufficient for the statistical validation of a magnitude
distribution model, nor for a meaningful comparison between competing models.
Besides this epistemic uncertainty, the problem is obviously affected by the inevitable
statistical uncertainty due to the fact that the catalog is a random sample drawn from the
real magnitude distribution (in the favourable hypothesis that such a distribution exists).
In this paper we give a definition of the credibility of a magnitude distribution model as
regards the evaluation of a(500) at a specific site. We find that the comparison between
the credibilities of competing models opens new statistical prospects. In particular the
hazard analysis for an Italian site shows that the systematic application of the concept of
model credibility may lead to a reduction of both statistical and epistemic uncertainty.

The economic and societal impact of an earthquake on the built environment is often
related to the shaking intensity that is expressed on the Modified Mercalli Intensity scale
(MMI). This measure of intensity is determined by observers present during the event or
by evidence (usually damage) that can be seen later. Compiling MMI values from
observations can be a time consuming task and the information may not be available
until some considerable delay after an earthquake.
With the recent deployment of telemetered strong motion instruments throughout New
Zealand, it is desirable to be able to rapidly estimate the shaking level intensity from the
strong motion records that are available shortly after an earthquake event.
A pilot study found that no single parameter from the strong motion records appears to
be a good analogue, by itself, of MMI. This paper reports a more detailed study of the
available data and the numerical results determined for a correlation of the MMI values
with a number of strong motion parameters such as peak accelerations, velocities,
displacements and spectra as well as other derived values.

Keywords: validation, statistical uncertainty, epistemic uncertainty
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Theoretical Design and Field Deployment of a Dense Strong Motion
Instrument Network for the Alpine Fault, South Island, New Zealand.
Caroline Francois1, John Berrill1 and Jarg Pettinga1
A dense network of strong motion seismometers is being developed for the central South
Island of New Zealand. This is to investigate the complexities of the upper crustal
rupture process and propagation of major seismogenic sources such as the Alpine Fault
and strands of the Marlborough Fault System defining the South Island sector of the
Australia-Pacific plate boundary zone.
The proposed network is designed as a dense array of approximately 20 accelerographs
using the University of Canterbury 12-bit CUSP instrument, whose development is now
nearing completion. It will be deployed immediately to the East of the East-dipping
Alpine Fault in the central West Coast region of the South Island, and coverage will
extend across the to the Alpine-Hope Fault junction region.
The array layout is being designed utilizing the frequency-analysis MUSIC method
(Multiple Signal Characterization) developed by Goldstein and Archuleta (1991a&b).
Synthetic strong-motion records were computed using an empirical Green's function
synthetic seismogram program EMPSYN (Hutchings, 1987). The process of finding an
optimal configuration is dependent on the geometry of the array (study of the frequency
analysis performance of the modelled earthquake data for various proposed array
configurations), and on the instrument site conditions (geology, communications,
accessibility, isolation etc).
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Keynote Session 5 - Dr Graham Shorten1
Location: C1

Chaired by Lynda Angus

Challenges for the Application of Earthquake Engineering in the Pacific
Islands
Experience has shown that successful application of earthquake engineering in the
Pacific, particularly the understanding of earthquake risk as applied in the high-risk
urban areas, is fundamentally dependent on continuing studies of seismicity and
neotectonics; research on foundation problems; the institution of building standards; and
seismic microzonation studies of urban population centres. The whole needs to be
carried forward by a comprehensive risk-management approach that takes scientific and
engineering advances towards social outcomes by defining the people, buildings and
infrastructure at risk, and engages the relevant communities in planning for ways to treat
risk, including risk-financing for catastrophes. The challenges inhibiting that successful
application in the Pacific Islands are manifold, and include problems imposed from
outside the region as well as those inherent from within. The focus of activities related to
earthquake engineering should now be on the solutions to those challenges, including
improvements in education, organisational approaches and research on the local risk, as
well as providing for an immediate technical response capacity to disasters and a
regional network facility. Overwhelmingly, a more efficient coordination of the services
provided by the international community is called for, because a concerted effort is
required if there is to be any chance of successfully overcoming the challenges to
sustainable development in the Pacific.

Keywords: earthquake engineering, Pacific, seismic microzonation, risk management,
sustainable development, challenges
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Part 2 - Earthquake Vulnerability and Risk T.D. Jones, G. Fulford, M.R. Edwards, N.
Corby and J. Schneider
An Application of Liquefaction Hazard Evaluation in Urban Planning C. Anderson and
T. McMorran
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Innovative Seismic Retrofit of Concrete Water Supply Tanks R.G. Taylor and P.D.
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Seismic Design of Liquid-containing Concrete Structures per ACI Standard 350.3 J.A.
Munshi and N.A. Legatos
Improvements to Seismic Design of Circular Prestresed Concrete Storage Tanks J.H.
Wood and M.J.N. Priestley
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Bothara and R.D. Sharpe
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Probabilistic Earthquake Risk Assessment of Newcastle and Lake
Macquarie, Australia: Part 1 – Seismic Hazard

Probabilistic Earthquake Risk Assessment of Newcastle and Lake
Macquarie, Australia: Part 2 - Earthquake Vulnerability and Risk

Trevor Dhu1, David Robinson1, Cvetan Sinadinovski1, Trevor Jones1, Andrew Jones1,
John Schneider1 and Andres Mendez2

Trevor Jones1, Glenn Fulford1, Mark Edwards2, Neil Corby1 and John Schneider1

Geoscience Australia is examining the risk to Australian communities from a range of
geohazards which include earthquakes. As part of this project a detailed study of the risk
posed by earthquakes to Newcastle and Lake Macquarie has been recently completed
This paper is the first of two companion papers that detail the earthquake risk for the
Newcastle and Lake Macquarie region.
Detailed analysis of local seismicity and geology was used to define a seismic source
model consisting of three distinct source zones. This source model, amplification factors
developed from local geotechnical data and an attenuation model developed for central
and eastern North America were used in a probabilistic earthquake hazard assessment of
the Newcastle and Lake Macquarie region. The results of this hazard assessment suggest
that the region has a higher level of earthquake hazard than suggested by the current
Australian Standard for earthquake loading.

This earthquake risk assessment focuses on economic losses caused by building damage
from ground shaking. The hazard model is presented in a companion paper. A
comprehensive field survey in the study region was conducted to document the
vulnerability characteristics of a sample of more than 6,000 buildings. Australian
damage models based on the capacity spectrum method were prepared and a modified
HAZUS economic loss model was used. Damage and economic loss was calculated in a
stratified Monte Carlo simulation of 1,200 events. The results were then aggregated to
produce a loss curve for the study region. Natural variability was incorporated by
allowing parameter values to vary in the simulations. Simulations of the 1989 Newcastle
earthquake were compared with observed data.
Results show that the annualised loss for the study region is of the order of 0.04%, or
around $11 million per year. The majority of the earthquake risk is from events with
return periods in the range 50 - 1,000 years. The 1989 Newcastle earthquake had an
economic impact with a return period of the order of 1,500 years. Differences in regolith
distribution and thickness cause strong local variations in the risk. Timber frame
buildings contribute about three-quarters of the total risk and unreinforced masonry
buildings contribute a further one-sixth. The risk of casualties is low.

Keywords: probabilistic earthquake hazard, Australia
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An Application of Liquefaction Hazard Evaluation in Urban Planning
Clive Anderson1 and Tim McMorran1
In planning for a new town at Pegasus Bay, 30 km north of Christchurch, the risk of
seismic liquefaction was considered and evaluated. URS New Zealand Limited
evaluated the likelihood of liquefaction within the soils beneath the areas proposed for
residential development. The liquefaction assessment was developed using the results of
a geological site investigation and a seismic hazard evaluation based on a Probabilistic
Seismic Hazard Assessment.
This paper describes how the results of recent earthquake hazard research were
incorporated into the analyses and an assessment of design criteria for liquefaction
mitigation in the proposed residential subdivision.
The study demonstrates that liquefaction could occur at the site during the 50 year
design life of the houses and commercial buildings, and that current New Zealand codes
and standards require that countermeasures be provided during the subdivision design
phase. It also demonstrates that the Alpine Fault is not the most critical earthquake
source in terms of the liquefaction effects predicted for the site. An assessment of the
mitigation options demonstrates that it is possible to construct the subdivision with a
lower risk of liquefaction than comparable sites in eastern Canterbury.

Keywords: liquefaction, risk, New Zealand, residential, mitigation
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Innovative Seismic Retrofit of Concrete Water Supply Tanks

Seismic Design of Liquid-containing Concrete Structures per ACI Standard
350.3

Roy Taylor1 and Peter Wright1
J.A. Munshi1 and N.A. Legatos2
Many of the stock of concrete water supply tanks have distinct seismic defects while
others provide for lower seismic force resistance than in modern practice. Against this
background, water supply tanks form a critical part of infrastructure and integrity of post
earthquake water supply is an important part of any asset management plan. This paper
reports actual construction experience of the seismic retrofit of concrete city water
supply tanks by the authors, 13 in the authors' specialist company and seven while
employed by a large consultant.
The tank seismic retrofit methods included external and hoop post-tensioning with
greased and sheathed tendons at roof level outside pilasters on circular tanks, epoxy
bonding angle shaped steel plates to transfer seismic shear forces at the base of precast
circular tanks, use of epoxy impregnated carbon fibre to structurally connect
components, and strengthening of 9,000 m3 rectangular concrete tank cells by posttensioning with greased sheathed strand passing through the body of the tank cells.
The paper provides an overview of design philosophy methods, construction experience
and the benefits for asset management of New Zealand infrastructure.

The new ACI Code 350/350.R-01, "Code Requirements for Environmental Engineering
Concrete Structures", has greatly expanded the seismic design provisions of the previous
edition, ACI 350-89, in two ways: (1) through the adoption of Chapter 21 of ACI 318
("Special Provisions for Seismic Design"), and (2) the drafting of detailed seismic
analysis guidelines in a separate Standard, ACI 350.3/350.3R ("Seismic Design of
Liquid-Containing Structures"). Chapter 21 covers the "resistance" side of seismic
design, while ACI 350.3 covers the "load" side. This represents a departure from ACI's
traditional practice, which has been to concentrate on the design (resistance) aspect,
while leaving the derivation of the seismic loads themselves (seismic analysis) to other
references. As a result of this innovation, the two documents, ACI Standard
350.3/350.3R, in combination with Chapter 21 of ACI 350, fill a real need for the
profession. They equip the practicing engineer with a practical and reliable tool for
analyzing and designing liquid-containing concrete structures of all types to resist
earthquakes. The paper will concentrate on ACI 350.3/350.3R in two parts; The first part
will offer an overview of the theory behind the "load" provisions of the document, will
highlight the basic theory involved, and will outline the derivation of the seismic loads.
The second part will lay out an overall "road map" of how to design a typical liquidcontaining structure for specified seismic loads.

Keywords: seismic design, tanks, ACI 350, liquid-containing structures
Keywords: tanks, retrofit, seismic, strengthening, reservoirs, concrete
1
1

Concrete Tank Consultants (International) Limited, Wellington, New Zealand
Paper 019

2

STS Consultants Ltd, Vernon Hills, IL, USA
Preload Inc, Hauppauge, NY, USA
Paper 007

Oral Presentation 8.2.3

Notes

Improvements to Seismic Design of Circular Prestresed Concrete Storage
Tanks
John Wood1 and Nigel Priestley2
Several of the main issues of concern in prestressed concrete tank seismic design are
addressed. The most important of these is the application of structural analysis methods
for predicting the reserve capacity above the elastic response force levels. Another of the
important issues investigated was the influence of soil-structure interaction on the
response of both the horizontal and vertical modes of vibration. An analysis procedure
for estimating the reserve capacity of prestressed concrete tanks is presented and the
method illustrated by the analysis of a tank of typical dimensions. Charts for estimating
the influence of soil-structure interaction for the practical range of tank sizes and
foundation conditions are also presented.

Keywords: concrete tank design, tank force-reduction, tank damping, tank codes
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Reconstuctional Survey of 3 Villages - Selari, Kalyanpar, Sangramsar
(district Rapar, Gujarat)

Seismic Protection in Developing Countries: Where are the Gaps in Our
Approach?

A. Pranab1 and S. Dhanda1

Jitendra Bothara1 and Richard Sharpe2

The Gujarat Earthquake, India (26th January’ 01) brought out major imperfections in
building construction, which led to massive destruction of both life and property.
Preliminary estimates suggest damages to the extent of Rs.20875 Crores(US $4.5
Billion) to private and public properties.

Recent earthquakes in Turkey and India have caused human loss and destruction of
buildings on a large scale. The economic and human losses have opened a Pandora’s box
of problems in the implementation of seismic protection in these countries and placed
blame on many of the stakeholders in the construction industry. Affordability, lack of
awareness, weak human memory (caused by large time gaps between seismic events)
and lack of legal control are generally considered major hurdles to the implementation of
seismic protection. However, the losses to middle-class housing in Ahmedabad in the
2001 Bhuj (India) earthquake highlighted how increased affluence does not necessarily
result in safer buildings. Similarly, the extraordinary losses in the 1999 Marmara Sea
(Turkey) earthquake happened despite the awareness of the hazard. There, despite the
inevitability of this earthquake, shoddy structures continued to be built. Both these
countries have some sort of legal system to control bad construction, but it could not be
turned into safer buildings. These examples raise concern that affordability, lack of
awareness, and the legal system are not the only issues. The difficulty in providing
seismic protection is more of a socio-economic, legal and human issue than merely a
technical one. Unfortunately, there remain fatal gaps between the socio-economy, the
legal system, implementation processes, building codes and local needs and practices.
Until these issues are addressed, seismic protection in these countries will remain
essentially a mirage. This paper describes these gaps, taking examples from Nepal, India
and Turkey, and examines how these gaps could be mended.

Delhi University shared its deep concern with the fate of the people in various parts of
Gujarat. It came up with project UDAI – with the aim of providing technical support for
rehabilitation and reconstruction of three quake affected villages.
This paper is an in depth study of the prevailing conditions in three villages, namely
Selari, Kalyanpar and Sangramsar in Rapar district, Gujarat as surveyed during the
UDAI project. The paper gives a brief account of the prevailing social and economic
conditions and disaster management before and after the quake.
It analyses the various aspects of reconstruction as undertaken by the villagers. It
outlines certain areas of defective reconstruction and also gives note of few innovative
methods of reconstruction used by villagers.
In the end, it summarizes the various activities of the Delhi University students for
rehabilitation and reconstruction.

Keywords: seismic safety, informal construction, developing countries, legal issue, gaps
in approach
Keywords: Gujarat Earthquake, Bhuj, UDAI, rehabilitation, reconstruction
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Strengthening Existing New Zealand Buildings for Earthquake: An
Analysis of Cost Benefit using Annual Probabilities
David Hopkins1 and George Stuart2
This paper describes the analysis of the cost benefit of improving the performance of
existing buildings in earthquake. This involved the development of a custom-made
mathematical model to deal with wide range of data and variables involved, including
time.
Four groups of commercial and large residential buildings (Pre-1935, 1935-65, 1965-76
and post-1976) were examined in 32 cities and towns in New Zealand. Specially derived
values were obtained for the seismicity at each location and for the floor areas of each
building type. Relationships between shaking intensity and damage were used to
estimate the benefit of improving structural performance. Corresponding relationships
for injuries and fatalities were used. Business interruption and social disruption were
taken into account.
Estimates were made for each of four possible legislation regimes: the status quo, and
regimes requiring existing buildings to comply with 33%, 67% and 100% of new
building standard, respectively.
For the base values used in the analysis, B/C ratios varied considerably, reflecting the
wide variation in seismicity within New Zealand. The results obtained underline the
need to deal with existing buildings, and particularly high risk buildings in those towns
and cities in New Zealand that are subject to moderate to high seismicity.

Keywords: buildings, retrofit, cost-benefit analysis, New Zealand Earthquake Codes
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The fib State-of-the-art Report on the Seismic Design of Precast Concrete
Building Structures
Robert Park1
For the last four years an international committee of Commission 7 : Seismic Design of
the International Federation of Structural Concrete (fib) has been preparing a state-ofthe-art report on the seismic design of precast concrete buildings. The report includes
aspects of both precast reinforced and prestressed concrete. The committee has had
contributions from 32 members, including six members from New Zealand (R. Park, D.
Bull, L. McSaveney, A.O’Leary, N. Priestley and J. Restrepo). The other contributions
have been from members in Canada, Chile, Indonesia, Italy, Japan, Mexico and the
United States. The co-convenors of the committee are R. Park (New Zealand) and F.
Watanabe (Japan). The report is due for completion in early 2003.
The main sections of the report are: state of the practice in various countries; advantages
and disadvantages of incorporating precast reinforced and prestressed concrete in
construction; lessons learned from previous earthquakes; precast construction concepts;
design approaches; primary lateral load resisting systems (moment resisting frames and
structural walls including dual systems); diaphragms of precast concrete floor units;
modelling and analytical methods; gravity load resisting systems; foundations and
miscellaneous.
The object of the report is to present existing practice, to recommend good practice, and
to discuss current developments.
The paper presents a summary of the contents of the report.
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On the Seismic Behavior and Design of Long Span Precast Concrete
Diaphragms

Seismic Response of a Cast-in-place Steel Fibre Concrete Joint
Connecting Precast Beams and Columns

R.B. Fleischman1 and K.T. Farrow2

Lusa Tuleasca1, Aurel Cuciureanu2 and Jason Ingham1

Floor systems are intended to provide diaphragm action between elements of the lateralload resisting system during seismic response. Recently, significant design issues have
been raised related to precast concrete diaphragms in long floor span structures. These
issues include the possibility of larger than expected forces, joints in critical locations
that may not possess sufficient strength or ductility, and the potential for large drift
demand on the gravity system due to excessive diaphragm flexibility.

An experimental investigation to evaluate the response of a monolithic precast joint,
with cast-in-place steel fibre reinforced concrete (SFRC), when subjected to earthquaketype lateral loading is described in this paper. The use of SFRC in monolithic precast
joints subjected to high magnitudes of static and dynamic actions is desirable due to its
isotropic nature. Design variables that control the response of a SFRC joint subjected to
lateral loading were evaluated, with special attention given to the influence of these
parameters on the cast-in-place joint between the double-tee beams and the column.
Response of the test specimen was also examined in terms of beam plastic hinge
spreading.

An analytical research program has examined the behavior of floor diaphragms in long
floor span precast concrete structures, focusing on parking structures. A two stage
approach was taken in the research: Nonlinear static (pushover) analyses of topped and
pretopped floor diaphragms were performed to determine the effect of structural
dimension and construction details on the service level stiffness and ultimate capacity of
the diaphragms; and, diaphragm demands were established for structures with
diaphragms of varying strength and flexibility through nonlinear transient dynamic
analysis.

It was found that this joint, when using SFRC, possessed greater strength and
deformation capacity than when constructed of ordinary concrete, despite incorporating
a smaller quantity of conventional reinforcement. The joint developed only superficial
damage at later stages of testing, corresponding to the development of full beam plastic
hinging.

Design recommendations are proposed based on a comparison of the diaphragm
capacities to the diaphragm demands. These recommendations include provisions for the
appropriate design strength, allowable flexibility, and ductility requirements for precast
concrete floor diaphragms in long span construction, including parking structures.

Keywords:
Keywords: earthquake design, precast concrete, flexible diaphragms, parking structures
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Analysis and Design of Precast Hybrid Frames
Sri Sritharan1 and S. Vernu1
Precast hybrid frames with dry jointed connections have been implemented in seismic
design of buildings in the United States. The use of unbonded post-tensioning tendons
and mild steel reinforcement debonded over a short distance at the connections between
precast beams and columns provide several advantages for this framing concept.
However, the strain-incompatibility that exists between concrete and steel at the
connection makes the analysis and design of the hybrid frames more complex than the
monolithic frame systems. Consequently, the available analysis and design techniques
are based on several simplified assumptions. This paper provides an improved version of
the equivalent monolithic concept to analyze the hybrid frame at the connection and
system levels. By comparing analytical values with experimental data, it is shown that
the improved analysis method provides satisfactory prediction of the moment-rotation
response, neutral axis depth and elongation of the post-tensioning steel. By reversing the
analysis method, an alternative design concept for hybrid frame connections is also
presented.

Keywords: Precast, Hybrid frame, Unbonded, post-tensioning, Seismic, Analysis,
PRESSS
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Intergrain Friction and Contact Density on Cyclic Resistance of Sands

Modelling Pore Fluid Migration in Layered, Liquefied Soils

S. Thevanayagam1, T. Kanagalingam1 and T. Shenthan1

Katherine Butterfield1 and Malcolm Bolton2

Soil liquefaction phenomenon involves progressive intergrain contact deformation, slip,
reorganization of contacts, and eventual collapse of soil skeleton. During this process
frictional energy is lost along contacts. Resistance to liquefaction depends on the density
of active intergrain contacts, contact friction, and confining stress. Soils with a
higher density of active intergrain contacts (per grain) are more resistant to liquefaction.
Higher confining stresses lead to greater energy loss along contact points and these also
have a higher resistance to liquefaction. This paper presents an analysis of the evolution
of intergrain contact friction, slip, and energy loss during undrained cyclic loading in
sand. A theoretical framework for estimation of an index of active contact density for
sands is presented. Theoretical results for mobilized intergrain friction and frictional
energy loss are compared with experimental data. A new expression is presented for
porewater pressure generated during undrained cyclic loading as a function of energy
loss.

To date, most research on water films has been undertaken using relatively expensive,
specialist equipment such as centrifuge models or large laboratory models. This paper
describes a simple, inexpensive apparatus that allows the direct observation of pore-fluid
migration within the liquefied soil. A review of other research on waterfilms is presented
and frames from digital video footage of the model in operation will be shown. The
model may prove useful in the study of water film formation as well as post-liquefaction
settlement, consolidation of soils at very low effective stress and sediment transport
within a liquefied mass.

Keywords: liquefaction, layered soil, water films.
Keywords: liquefaction, energy, sand, silty sand, sandy silt, grain
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Simplified Procedure to Estimate Ground Settlement from Seismic
Compression of Compacted Soils
Jonathan P. Stewart1 and Daniel H. Whang1
Seismic compression is defined as the accrual of contractive volumetric strains in
unsaturated soil during strong shaking from earthquakes. We describe a simplified
procedure for estimating ground displacements from seismic compression in compacted
fill. The procedure has three steps: (1) estimation of shear strain amplitude within the fill
soil mass from the peak acceleration at the ground surface and other seismological and
site parameters; (2) estimation of volumetric strains within the fill mass based on
compaction conditions in the fill, the shear strain amplitude, and the equivalent number
of uniform strain cycles; and (3) integration of volumetric strains across the fill section
to estimate settlement. The framework of the present procedure is similar to that of
Tokimatsu and Seed (1987), which is strictly applicable only to clean sands. We update
this widely used procedure to incorporate relatively recent material models for clean
sands, and to extend the formulation to allow analysis of non-plastic silty sands and lowplasticity clays. The procedure is implemented for three field case history sites with
measured settlements, and is found to generally provide reasonable, first-order estimates
of ground settlements given the simplifying assumptions associated with this
approximate method of analysis.

Keywords: seismic compression, compacted fills, ground failure
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A Closer Look at Arias Intensity-based Liquefaction Evaluation Procedures

The Effect of Mechanism Information on Fatalism about Earthquakes

Russell Green1 and James Mitchell2

John McClure McClure1 and R. Sutton2

In attempting to overcome several of the shortcomings inherent to the commonly used
stress-based liquefaction evaluation procedure, several studies have proposed using
Arias intensity to quantify the capacity and demand of the soil and earthquake motions,
respectively. Originally developed by Arias (1970) to quantify the destructiveness of
earthquake motions on buildings, Arias intensity is proportional to the integral over time,
of the acceleration time history squared, and therefore, is directly a function of the
frequency content and duration of the earthquake motion. Presented herein are insights
gained from a closer examination of the Arias intensity-based liquefaction evaluation
procedures. For example, it is shown that the Arias intensity-based liquefaction
evaluation procedure proposed by Kayen and Mitchell (1997) is actually an alternate
formulation of the stress-based procedure, with however, several advantages and
shortcomings over its counterpart. One advantage of using Arias intensity to quantify
demand, as stated above, is that the frequency content and duration of the earthquake
motion are directly taken into account. However, as a corollary, the use of Arias
intensity to quantify capacity inherently implies that the capacity of soil is frequency
dependent, which requires further validation. Further elaboration of these and additional
issues are presented.

Previous research has shown that attributions for events are influenced by the
information about the causal mechanisms that contribute to the outcome. In the present
research, the mechanism model was applied to attributions for disasters such as
earthquakes, and the issue of whether people think that human actions can make any
difference to the outcome. Two studies presented scenarios about earthquakes based on
actual reports of earthquakes. Scenarios indicated that negative outcomes in earthquakes
affected buildings with a particular design (mechanism information). As predicted,
people made less fatalistic inferences, and attributed damage more to lack of preparation,
when negative outcomes were linked to poor building design. In contrast, participants
saw the outcomes as unpreventable and attributed the outcome to uncontrollable causes
when negative outcomes occurred to buildings with good building design. These
findings show that mechanism information can lead people to see that even with natural
disasters that include gigantic uncontrollable forces, negative outcomes partially reflect
particular building designs that are subject to human modification. Disasters often reflect
several causes, some of which are controllable. The same principles apply to other risks.

Keywords: liquefaction, Arias intensity, soils, earthquake
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Risk of Casualties in New Zealand Earthquakes
David Dowrick1 and David Rhoades1
This paper reports on a study of all earthquakes that have caused (or could have caused)
casualties in New Zealand in the period 1840 - 2001 inclusive. The intensity which has
been the effective threshold for injuries is Modified Mercalli intensity VII (MM7). In the
period of interest at least 71 earthquakes of magnitude Mw ≥ 5 have caused MM7 or
greater in populated areas, and of these events 16 have caused direct casualties, 297
deaths and 640 hospitalized injured. The causes of the casualties are tabulated and
discussed, and the potential to reduce casualties in the future is assessed, in particular in
a large earthquake on the Wellington fault. Death rates have been determined
empirically as functions of four types of structure and MM intensity.

Keywords: casualties, causes, buildings, ground damage, masonry, risk reduction
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Assessing and Increasing the Level of Earthquake Preparedness in New
Zealand Homes

Developments in Emergency Planning
Kevin O'Kane1 and Hans Brounts1

Andrew Charleson1, Barrie Cook2 and Gary Bowering2
The limitations within emergency plans are well-known, but the planning process
produces a number of benefits. The paper focuses on establishing clarity within
emergency plans, by following a defined logical process for hazard analysis that drives
their structure and form. Examples from the development of both regional and national
emergency plans in New Zealand are summarised. An emphasis on planning on the basis
of identified consequences, and on linking functions across the plan as a whole, has been
followed. Consideration is also given to how the provisions of a plan may be given
greater effect through planned maintenance and review.

This paper presents the methodology and findings of two earthquake preparedness pilot
surveys conducted in parallel, and compares their results with those from previous
surveys.
The first survey, a door-to-door audit of 100 homes in Wellington City, ascertained the
extent to which householders had seismically restrained tall furniture and other chattels.
In the second and parallel survey, 50 homes located in the same suburbs as the door-todoor audit were telephoned. An adult occupant was questioned about what mitigation
actions had been taken.
Results from the home audits indicate a very low incidence of household items being
intentionally restrained to prevent earthquake damage, and that results from self-reported
surveys are overly optimistic. Given householders apparent resistance to media
prompting to improve preparedness, two alternative strategies to improve levels of
household preparedness are suggested.

Keywords: earthquake, preparedness, home, household, restraints, mitigation
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Seismic Retrofitting of Unreinforced Masonry Walls by FRP Strips

Accuracy of Displacement-based Seismic Evaluation of Unreinforced
Masonry Wall Stability

Shih-Wei Chuang1, Yan Zhuge1, Peter C. McBean2, Tsu-Yan Wong1 and Louise Peters1
Mike Griffith1 and G. Magenes2
In the last two decades, several seismic retrofitting techniques for masonry structures
have been developed and practiced, but rarely validated with experiments and numerical
modelling. Further more, the research has been carried out mainly in America and Japan
where the risk of major earthquake is high. In Australia, although unreinforced masonry
is one of the most popular types of construction, research into seismic retrofitting of
masonry structures is rare. The purpose of this research is to develop a new and high
strength seismic retrofitting technique for masonry structures. An innovative retrofitting
technique is presented in this paper using Fiber Reinforced Polymers (FRP) strips. In the
paper, the experimental results of three unreinforced masonry walls retrofitted with FRP
strips are presented. All walls were tested under combined constant gravity load and
incrementally increased in-plane lateral displacement reversals. The results showed that
both the strength and ductility of tested specimens were significantly enhanced with this
technique. Seismic retrofitting of unreinforced masonry walls with FRP proved to be an
effective and reliable strengthening alternative.

A displacement-based method has been proposed recently for assessing the out-of-plane
stability of unreinforced masonry (URM) walls. This is an important development given
that this particular failure mode is arguably the most commonly observed failure
mechanism in earthquakes in regions where URM construction is widespread. The
proposed method is simple and recognizes that a masonry wall will not collapse as long
as it does not deflect beyond its point of stability. In essence, estimates of displacement
demand, obtained from a displacement response spectrum, are compared to the
displacement capacity for the wall. The accuracy of this procedure was verified by a
limited number of shaking table tests and non-linear dynamic analyses. In the proposed
paper, results of a comprehensive, systematic assessment of this simplified procedure are
presented. In this assessment, the URM wall parameters of: initial elastic stiffness and
period, maximum strength and ultimate (stability) displacement, ground motion
frequency content and intensity were all investigated. It is shown that the key parameters
for accurate assessment of a wall’s seismic demand depend only on a wall’s maximum
flexural strength and ultimate displacement capacity. It is also shown that these
parameters can be predicted with good confidence since they are relatively insensitive to
the mechanical properties of the masonry material.
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A General Model for Analysing Response of Slender Masonry Structures
under Multi-component Earthquake Excitations
Barbara Pintucchi1
In this paper, a numerical method is presented to perform non-linear dynamic analyses
of coupled transverse and longitudinal oscillations of masonry beams. The beams are
analysed with different constraints, when subjected to any dynamic loading type,
including vertical and transverse motion imposed at their support. In developing the
model, a non-linear constitutive equation giving stress characteristics as a function of
strain, for materials with no tensile strength and limited compressive strength, has been
used. The model allows the analysis of the dynamic behaviour of masonry slender
structures with primarily flexural behaviour, such as towers, under multi-component
earthquake excitations. It seems to be a useful model as it requires short computational
time, while accounting for the material non-linear behaviour. Results from a case study
provide evidence that there are differences in the dynamic response with respect to
responses obtained both from a linear elastic analysis and from a simpler non-linear
model, where no allowance for a limited compressive strength was made. Subsequently,
preliminary results on dynamic response of slender towers under real input ground
motion illustrate the ability of the model to supply information which may be used to
evaluate indices of global and local structural damage.

Keywords: slender towers, no-tension material, inelastic coupling phenomena, nonlinear dynamic.
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Seismic Loading and Displacement of a Tank Foundation Incorporating
Soil / Structure Interaction

Soil Structure Interaction and the Australia – New Zealand Loading
Standard

Tam Larkin1

Mick Pender1 and John Butterworth1

Tanks are a critical part of seismic lifelines, providing water and fuel for the period
immediately following the event. This paper focuses on a typical steel tank on soil of
medium strength and describes an evaluation of the seismic loading and displacement of
the foundation mat. Both the impulsive and convective modes of the tank are considered.
An equivalent linear solution in the frequency domain is used. Radiation damping of the
foundation soil is investigated. The influence of radiation damping is shown to be
greater on the horizontal displacement of the tank compared to rotation. The overturning
moment and horizontal shear on the foundation mat are significantly effected by the
stiffness of the foundation soil. The yield acceleration of the mat foundation with respect
to overturning and shear is evaluated. The elastic and plastic displacements of the
foundation mat (rotation and translation) are evaluated using a Newmark sliding block
analysis for the permanent deformation.

The purpose of this paper is to look at the provisions of the draft Australia-New Zealand
loading standard (DR1170.4/PPCS3) with respect to the effect of soil-structure
interaction on the earthquake design actions for shallow foundations supporting multistorey buildings. Work by earlier researchers had led to the suggestion that for tall
buildings the lengthening of the structure-foundation period caused by soil-structure
interaction might give reduced foundation design actions. The results of numerical
modelling using the modal response spectrum method did not reveal any strong evidence
for such a reduction, in fact generally there was an increase rather than a decrease. We
suggest that the jumps between the design spectra when moving from a rock site, to a
shallow soil site, to a deep soil site are more significant than the subtle soil-structure
interaction effects caused by the modest period lengthening of the structure-foundation
system induced by the soil conditions considered.

Keywords: tank foundation, earthquake loading, soil structure interaction
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actions, soil-structure interaction, shallow foundations
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Non-linear Local Site Amplification and its Effect on Structural Response
Jian Zhang1, Peter Moss2 and Athol Carr2
The paper employs a coupling method to utilise finite elements and boundary elements,
together with a bounding surface soil model, to investigate the amplification of a soft
clay site, especially considering the effect of soil non-linearity. The ground surface
responses from the analyses are then used as input motions to investigate the response of
a fixed-base 6-storey frame. The analyses show that soil non-linearity has a large
influence on the structural response due to site amplification in a period range around the
fundamental period of the frame.

Keywords: Site amplification, structural response,non-linear soil, bounding surface
model
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Influence of Three-dimensional Soil-structure Interaction on Structural
Responses Induced by Near-source Earthquakes

Developing an Urban Search and Rescue Capability for New Zealand: Two
Years of Achievement

Kayoko Hashimoto1 and Nawawi Chouw1

Lynda Angus1, James Dance2 and David Brunsdon3

The study addresses the relationship between the characteristics of near-source
earthquakes and the system frame structure with multiple foundations and subsoils. The
influence of the three-dimensional ground excitation and the effect of the soil-structure
interaction on the structural response are considered. The ground excitations are the
acceleration at the Port Island of the 1995 Kobe earthquake, and at Duzce of the 1999
Turkey earthquake. The investigation shows that a simultaneous horizontal and vertical
ground excitation can amplify the response of the structure, not only structures with
fixed bases but also structures with subsoil compliance. Soil can reduce the forces
induced in the structure. However, it can strongly amplify the induced vibrations in the
structure, especially in the vertical direction.

New Zealand Reconnaissance Teams following the 1999 Turkey (NZSEE) and Taiwan
(NZFS & NZSEE) earthquakes returned with the very strong message that New Zealand
needed to develop more appropriate urban search and rescue capabilities. Previous
efforts in 1995 to establish an Urban Search and Rescue (USAR) unit had not been
followed up on due to a lack of high-level support.
In July 2000, the Ministry of Civil Defence and Emergency Management and the New
Zealand Fire Service initiated a project to assess the level of capability to rescue people
from structural collapse, and to make recommendations regarding the appropriate level
of national capability. This investigation led to the assessment that New Zealand had
only a limited ability to undertake structural collapse scenarios with no systematic
training arrangements and response procedures being in place. Moreover, the report
highlighted that there was no management structure in place to organise international
rescue teams in the days following a major structural collapse or earthquake.
In the two years following this initial investigation, significant progress has been made
towards establishing a sustainable national capability for undertaking structural collapse
rescue. The key feature of the structures developed is the adoption of a multi-agency
approach at both governance and operational levels. This approach is in contrast to the
single agency large-scale task force model used in many other countries, and is the
subject of considerable international interest.
This paper summarises the key elements of the New Zealand USAR structures, and
outlines the achievements during the first two years of its development.

Keywords: 3D ground excitation, SSI, FEM-BEM, near-source earthquakes, secondary
structures
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Involving Engineers in Urban Search and Rescue
David Brunsdon1, David McGuigan2 and Des Bull3
Structural engineers are a key part of an Urban Search and Rescue (USAR) response.
They have a critical role to play in providing technical advice for rescue teams. This
includes assessing the overall stability of a partially or wholly collapsed structure,
monitoring the structural stability and the development of temporary shoring
arrangements.
To be fully effective in a rescue situation, engineers must be specifically trained in
USAR procedures and techniques, and must have regular involvement with the rescue
teams with which they are associated. As part of the process of developing a national
USAR capability in New Zealand, considerable thought has been given to establishing
appropriate specialist training for engineers and ongoing engagement arrangements with
rescue teams.
This paper summarises the key roles that engineers play in conjunction with a USAR
rescue team, and outlines the arrangements currently being established with both the
national Task Force Teams and local rescue teams. Details are provided of the new
Level One and Level Two USAR Engineer Training Courses that are currently being
developed.
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Post Earthquake Recovery of New Zealand Houses

Engineering Disaster Insurance Schemes for the 21st Century

Andrew King1 and D. Middleton2

George Walker1

This paper outlines the fundamental principles which have driven the development of
EQC’s Catastrophe Response Programme. It also details the management structure and
support mechanisms which EQC have developed to assist a fair and speedy recovery of
the residential sector from a damaging earthquake in New Zealand.

In several countries, mostly wealthy ones, those who suffer loss directly from natural
disasters are relieved of much of this burden through being insured. In general this
provides a relatively quick and efficient way of providing cash in the aftermath of a
disaster to meet the costs of repair and reconstruction, thus facilitating the recovery
process. Unfortunately this is not the case in many poorer countries. For them it often
means turning to international agencies such as the World Bank for reconstruction loans,
adding further burdens to already struggling economies. To alleviate this situation the
World Bank is promting the design and implementation of regional or national disaster
insurance schemes. Most current schemes were the result of political decisions based on
very limited understanding of the risks involved, often in the aftermath of disasters.
Today, as a result of advances in technology, schemes can be engineered using
sophisticated design tools which can simulate the performance of schemes including the
risks to which they are exposed and the financial risk management variables such as
premium rates, cover conditions, fund investment returns and reinsurance. This paper
outlines some of the basic principles for the design of disaster insurance schemes in the
modern world that have emerged from this development.

The paper also describes BRANZ involvement in developing the Earthquake Damage
Assessment Catalogue (EDAC). This is a key component of the documentation that will
be used by the damage assessment estimators and insurance loss adjusters to establish an
appropriate repair strategy, with costs, for damaged houses which have EQC insurance
cover.

Keywords: damage assessment, building repair, houses, database, catastrophe planning,
insurance cover
1
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Keywords: disasters, insurance, earthquakes, financial risk, loss risk modelling, disaster
insurance schemes
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Unpresented Paper
Small-strain Stiffness and Damping of Soils in a Direct Simple Shear
Device
Giuseppe D'Elia1, Lanzo1 and A. Pagliaroli1
Submitted papers that are not able to be presented
Small strain cyclic behaviour characteristics of soils are of major concern in many
geotechnical engineering problems, such as the response of ground during earthquake,
machine foundation design, pile driving and effects of explosions.
Small-strain Stiffness and Damping of Soils in a Direct Simple Shear Device B. D'Elia,
G. Lanzo and A. Pagliaroli
Embankment Dam Deformations Caused by Earthquakes J.R. Swaisgood
Deterministic Seismic Hazard Analysis in Northwest Oregon, U.S.A. A.G. Hull, A.
Augello and R.S. Yeats

In this study the small strain cyclic properties of reconstituted Santa Barbara clay and
Toyoura sand are presented and discussed. The tests were performed with a special
simple shear device for small-strain testing called the Double Specimen Direct Simple
Shear (DSDSS) device, originally developed at the University of Los Angeles (UCLA)
and recently constructed, with few modifications, at the Department of Structural and
Geotechnical Engineering of the University of Rome “La Sapienza”.
The testing program encompassed wide range of vertical consolidation stresses (óvc),
cyclic shear strain amplitudes (ãc), between 0.0004% and 1.0%, and frequency of cyclic
loading (f). The tests were cyclic strain-controlled, i.e., with a constant ãc, having on
average 10 cycles. Secant shear moduli, Gs, were measured at ãc as small as 0.0004%
enabling a reliable extrapolation of the maximum shear modulus, G0, at ãc =0.0001%,
while clearly-defined loops were generated at ãc as small as 0.0008% enabling the
calculation of the equivalent viscous damping ratio, D.
The laboratory tests results from testing similar sand and clay specimens with the
original and the modified DSDSS device were compared in terms of the maximum shear
modulus G0, secant shear modulus Gs, and the damping ratio D. Further, the effects of
the cyclic shear strain amplitude ãc, effective consolidation stress and the frequency of
cyclic loading, f, on G0, Gs and D are presented, evaluated and discussed.

Keywords: Small-strain stiffness, damping, simple shear, sand, clay
1
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Unpresented Paper

Embankment Dam Deformations Caused by Earthquakes

Deterministic Seismic Hazard Analysis in Northwest Oregon, U.S.A.

James Swaisgood1

Alan Hull1, Tony Augello1 and Bob Yeats2

An extensive review of case histories of embankment dam behavior during
earthquake was undertaken after several major embankment dams were severely shaken
by the 1990 Philippines earthquake. The objectives of the study, which continues to date,
were to determine if there is a “normal” trend of seismic deformation that can be
predicted and if there are certain factors that consistently have an effect on the amount of
damage and deformation incurred during earthquakes. Nearly 70 case histories have
been reviewed, compared and statistically analyzed in this effort. The results of this
empirical study have shown that the most important factors that appear to affect dam
behavior during earthquake include the peak ground acceleration at the site and the
earthquake magnitude. A chart has been prepared to summarize the relationship between
the amount of measured settlement and the peak ground accelerations experienced in the
incidents that were studied. In addition, an empirical equation was formulated and a
graph developed as an aid in estimating of the amount of deformation to be expected.

We identified and evaluated 54 possible earthquake sources to determine controlling
maximum credible earthquakes within 200 km of 12 dam sites in northwest Oregon.
Seismic hazard at the sites comes from earthquakes that could be potentially generated
by 14 active crustal faults within 50 km of the dam sites; large, deep earthquakes
generated within the subducted Juan de Fuca plate; great earthquakes occurring on the
Juan de Fuca-North American plate boundary; and a Mw 6 background earthquake 15 km
from each dam site. Our hazard analysis showed that three crustal faults and the
interplate subduction earthquake provide the controlling maximum credible earthquakes
for all 12 dam sites.
Estimated peak horizontal ground accelerations (PGA) values range from 0.57g to 0.16g
at the dam sites. Recommended PGA values are similar to those estimated by the U.S.
Geological Survey to have a 2% probability of exceedence in 50 years (2,475-year return
period). Acceleration response spectra (5% damping) were developed for each site based
on recommended PGA values. We developed four spectrally matched acceleration time
histories from instrumental records of strike-slip, normal and subduction zone
earthquakes.

Keywords: seismic hazard, deterministic, MCE, fault slip rate, Oregon, dam
Keywords: embankment, dam, earthquake, settlement, damage
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