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Introduction:
Pinheiros Station

Accident 
 Occurred on 12/01/2007Occurred on 12/01/2007
 During the bench excavation, very close of During the bench excavation, very close of 

arriving to the shaftarriving to the shaft
 First failure signs ~14h30First failure signs ~14h30
 Daylight collapse at 14h54Daylight collapse at 14h54
 Enormous material damages and 7 fatalitiesEnormous material damages and 7 fatalities

 IPT commissioned the technical investigationIPT commissioned the technical investigation



IPT Investigation 
Work and Report

 IPT Commission (team of in-house specialists)IPT Commission (team of in-house specialists)
 Board of Consultants (4 Brazilians and 2 Board of Consultants (4 Brazilians and 2 

foreigners)foreigners)
 Independent Auditing Firm (Rina Independent Auditing Firm (Rina 

International)International)

 Desk StudiesDesk Studies
 Following-up of the collapse debris excavationFollowing-up of the collapse debris excavation
 Interviews with involved staff from all partiesInterviews with involved staff from all parties





 Chapters 1-3: Introduction, objectives & scopeChapters 1-3: Introduction, objectives & scope
 Chapter 4: Urban tunnellingChapter 4: Urban tunnelling
 Chapter 5: Trends in contractual practicesChapter 5: Trends in contractual practices
 Chapter 6: Pre-bidding knowledgeChapter 6: Pre-bidding knowledge
 Chapter 7: Contractual aspects of Line 4Chapter 7: Contractual aspects of Line 4
 Chapter 8: Design and constructionChapter 8: Design and construction
 Chapter 9: CollapseChapter 9: Collapse
 Chapter 10: Mechanism and causesChapter 10: Mechanism and causes
 Chapter 11: Conclusions and LessonsChapter 11: Conclusions and Lessons

IPT Main Report
(06 June 2008)



 10 years of studies till bidding10 years of studies till bidding
 the amount of geological and geotechnical the amount of geological and geotechnical 

investigation and the level of engineering investigation and the level of engineering 
design had been continuously upgraded design had been continuously upgraded   
very reasonable and adequatevery reasonable and adequate

 Geological-geomechanical modelGeological-geomechanical model
 Hasui (1993)Hasui (1993)
 IPT (1997)IPT (1997)
 Figueiredo Ferraz (2001)Figueiredo Ferraz (2001)

IPT Main Report:
Pre-Bidding



 GGM for constructionGGM for construction
 DesignDesign

 Geomechanical model adoptedGeomechanical model adopted
 Assumptions and calculationsAssumptions and calculations
 Instrumentation and threshold valuesInstrumentation and threshold values

 ConstructionConstruction
 Quality control based on self-certificationQuality control based on self-certification
 Instrumentation dataInstrumentation data
 Management (contingency and emergency Management (contingency and emergency 

actions)actions)

IPT Main Report:
Design & Construction





Collapse
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Main Report Findings:
Collapse Evidences

706,4

703,9

701,4

698,9

696,4

693,9

691,4

706,4

703,9

701,4

698,9

696,4

693,9

691,4

708,9

711,4

708,9

711,4

eixo



 Instrumentation evidencesInstrumentation evidences

Main Report Findings:
Collapse Evidences
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 Debris position evidencesDebris position evidences

Main Report Findings:
Collapse Evidences



Main Findings: Collapse Mechanism
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 Non-Validated DesignNon-Validated Design

 Oversimplified geomechanical Oversimplified geomechanical 
modelmodel

 Structural tunnel modelStructural tunnel model
 Assumptions and completeness of Assumptions and completeness of 

calculations and simulationscalculations and simulations
 No definition of threshold values No definition of threshold values 

for monitoringfor monitoring
 Deficient GG mappingDeficient GG mapping
 Deficient analysis and Deficient analysis and 

interpretation of monitoring datainterpretation of monitoring data
 No evidence of back-analyses and No evidence of back-analyses and 

design validationdesign validation

 Non-Validated Non-Validated 
Construction ProcedureConstruction Procedure

 Change of excavation directionChange of excavation direction
 Increase of bench heightIncrease of bench height
 Change of blasting schemeChange of blasting scheme

 Deficient quality controlDeficient quality control
 Increase of excavation rateIncrease of excavation rate
 Deficient construction Deficient construction 

management (lack of bolts)management (lack of bolts)
 No decision to stop worksNo decision to stop works
 Deficient plans of contingency and Deficient plans of contingency and 

emergency actionsemergency actions

Main Report Findings:
Risk Factors and Causes



Main Report Findings:
Risk Factors and Causes

   Non-validated 
design

   Non-validated construction 
procedure and poor management

   Collapse of 
Pinheiros Station

   Accident  
Collapse and its 
Consequences

   Presence of transit 
and pedestrians  

Fault of the emergency 
plan of actions



Risk Factors and Causes:
Foreseeability and Other Aspects

 Different ground conditionsDifferent ground conditions
 Excessive rainExcessive rain
 Seismic activitySeismic activity
 Pipe leakagePipe leakage

 ForeseeabilityForeseeability
 Clear under good practice of engineering Clear under good practice of engineering 
 Misty by faults in several engineering processesMisty by faults in several engineering processes
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 Geological model complex but data was fully Geological model complex but data was fully 
disclosure disclosure  no major changes  no major changes  by no means  by no means 
claim based on Different Ground Conditionsclaim based on Different Ground Conditions

 Causes are related to faults in engineering Causes are related to faults in engineering 
processes (design and construction) processes (design and construction)  systemic  systemic 
fault processfault process

 Lessons and recommendations to engineering Lessons and recommendations to engineering 
and contractual arrangementsand contractual arrangements

Conclusions 



Recommendations 
for Future 

Contractual 
Arrangements

 Keep fair balance among quality, schedule and Keep fair balance among quality, schedule and 
costscosts

 Mix of technical and performance specifications Mix of technical and performance specifications 
 quality control quality control

 Independent auditing and full disclosure of Independent auditing and full disclosure of 
control parameters control parameters  owners must keep control owners must keep control

 Incorporate risk management and risk sharingIncorporate risk management and risk sharing


