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Chapter 14

The Leaning Tower of Pisa
Carlo Viggiani
Università di Napoli Federico II, Naples, Italy

The Leaning Tower of Pisa was stabilised in the years 1999–2000 by an International 
Committee appointed by the Italian Government. An analysis of the history of the monument 
and the results of investigations and monitoring led to the conclusion that the tower was 
affected by a phenomenon of instability of the equilibrium. The stabilisation intervention, 
conceived to be totally respectful of the integrity of the monument, consisted of slightly 
decreasing the inclination of the Tower by removing a small volume of soil beneath the 
north side of the foundation. 

14.1 Introduction
It was in the period of maximum splendour of the maritime republic of Pisa, in the 
12th and 13th centuries, that the cathedral, the Leaning Tower, the baptistery, and the 
cemetery, were erected in the Piazza dei Miracoli (Figure 14.1). The square is the awesome 
manifestation of the ideal unity existing at that time among religious, spiritual, and 
political powers. From the very beginning, the history of art and civil history intertwine 
in its monuments, giving them an outstanding character of sign and symbol to the city.

The Leaning Tower is one of the world’s best-known and most treasured monuments. 
Its extraordinary inclination turned it very early into a strong attraction.

The tower consists of a hollow cylinder surrounded by six loggias with columns and 
vaults, merging from the base cylinder and surmounted by a belfry (Figure 14.2). The 
external surfaces are faced by cut stone masonry. The annulus between the facings is filled 
by rubble and mortar with frequent voids, probably intended to lighten the structure. 

After the collapse of the San Marco bell tower in Venice, in the early 20th century, 
public opinion and the authorities turned their attention to the Tower of Pisa. The Italian 
government set up several commissions that carried out extensive investigations. A ten-
der was called, but the contract was not assigned. Different stabilisation measures were 
proposed, but no significant action was taken.

At the end of the 20th century, the overhang of the tower had reached a value of 
almost 5 m and was increasing at a rate of 1.5 mm per year. The sudden and unexpected 


	Preface
	Contributing authors
	Table of Contents
	Chapter 1 Introduction
	1.1 Structural Failure
	1.2 Forensic Structural Engineering Practice
	1.3 Forensic Structural Engineering Investigation
	1.4 Forensic Structural Engineering in ContinuousDevelopment that Combines Design & ConstructionPractice and Research

	Section 1: Building Collapses
	Chapter 2 ‘Palazzo Edilizia’ in Salerno
	2.1 Introduction
	2.2 The investigation Process
	2.3 Background
	2.4 The Collapse
	2.5 Structural Pre-existent Symptoms
	2.6 Structural Characteristics of the Building
	2.7 Tests Performed During the Investigations
	2.8 Numerical Analyses
	2.8.1 Simplified Analysis
	2.8.2 Linear Finite Element Analysis
	2.8.3 Nonlinear Finite Element Analysis
	2.8.4 Probabilistic Analysis

	2.9 Causes of the collapse
	2.10 Lessons Learnt
	2.11 References

	Chapter 3 Building in ‘Aggregate’ in Barletta
	3.1 Introduction
	3.2 The Collapse
	3.3 The Investigation Process
	3.4 The First and the Second Phase of the Investigations
	3.5 The Historical Investigations
	3.6 Numerical analyses
	3.7 Causes of the Collapse
	3.8 Lessons Learnt
	3.9 References

	Chapter 4 Balconies in Maastricht
	4.1 Introduction
	4.2 Structure and Technical Cause of Failure Resultingfrom the Investigation Process
	4.2.1 Layout of the Structure
	4.2.2 Technical Cause of Failure Identified from theInvestigation Process

	4.3 Theoretical Framework
	4.3.1 General Explanation

	4.4 Analysis of Human and Organizational Factors in theMaastricht Case
	4.4.1 Project Characteristics
	4.4.2 Organizational Factors
	4.4.3 Human Factors
	4.4.4 Essential Human and Organizational Factors

	4.5 Conclusion and Discussion
	4.6 Lessons Learnt
	4.7 References

	Chapter 5 Kansas City Hyatt Regency Walkways
	5.1 Introduction
	5.2 The Investigation Process
	5.3 Background
	5.3.1 Hotel Description
	5.3.2 Collapse
	5.3.3 Design and As-built Walkway Connections

	5.4 Site Investigation
	5.4.1 Hanger Rod-to-box Beam Connections
	5.4.2 Dynamic Testing of Third Level Walkway
	5.4.3 Investigation of Walkways Stored at theWarehouse

	5.5 Testing of Box Beam Connections
	5.6 Conclusions
	5.7 Outcome of Legal Actions
	5.8 Lessons Learnt
	5.9 References

	Chapter 6 Partial Collapse of Parking Garage atthe Tropicana Hotel in Atlantic City
	6.1 Introduction
	6.1.1 Description of the Structure
	6.1.2 Project Organization
	6.1.3 The Collapse

	6.2 The Investigation Process
	6.2.1 Field Investigation
	6.2.2 Slab-to-column As-built Connections
	6.2.2.1 Design Change
	6.2.2.2 Construction Phase

	6.2.3 Analysis

	6.3 Findings
	6.4 Recommendations and Lessons Learnt

	Chapter 7 2E Terminal at Roissy-Charles deGaulle Airport
	7.1 Introduction
	7.2 The Investigation Process
	7.3 Description and History of the 2E Terminal
	7.3.1 Description
	7.3.2 History

	7.4 Conducted Investigations
	7.4.1 Investigations of the Administrative Commission
	7.4.2 Investigations of the Courts
	7.4.3 Investigations of SETEC
	7.4.3.1 The 3D Model Under Permanent States (Short and Long Term)
	7.4.3.2 The 3D Model After Removal of n° 4 Strut
	7.4.3.3 Comparison Between Calculations and Analysis of Faults

	7.4.4 Reliability Analysis

	7.5 Conclusions on the Collapse Scheme
	7.6 Lessons Learnt From the Collapse
	7.7 Reconstruction of the Jetty
	7.8 References

	Chapter 8 Roof of FC Twente Stadium
	8.1 Introduction
	8.2 Structural and Technical Cause of Failure ResultingFrom the Investigation Process
	8.2.1 Layout of the Structure
	8.2.2 Technical Cause of Failure as Found in theInvestigation Process

	8.3 Analysis of Human and Organizational Factors in theFC Twente Case
	8.3.1 Project Characteristics
	8.3.2 Organizational Factors
	8.3.3 Human Factors
	8.3.4 Essential Human and Organizational Factors
	8.3.5 Consequences

	8.4 Conclusion and Discussion
	8.5 Lessons Learnt
	8.6 References

	Chapter 9 Roof of Paviljonki Congress and TradeFair Centre in Jyväskylä, Finland
	9.1 Introduction
	9.2 The Investigation Process
	9.3 Structures
	9.4 The Collapse
	9.5 Structural Survey
	9.6 Loading Tests
	9.6.1 Tests on Connection 2
	9.6.2 Test on the Double Truss on Line 38

	9.7 Structural Analysis
	9.7.1 General
	9.7.2 Loads
	9.7.3 Structural Models
	9.7.4 Results

	9.8 Potential Sequence of Failure Mechanism
	9.9 Strengthening and Rebuild
	9.10 Lessons Learnt
	9.11 References

	Section 2: Bridge Collapses
	Chapter 10 Wilson Bridge in Tours
	10.1 Introduction
	10.2 The Investigation Process
	10.3 History and Construction of the Bridge
	10.3.1 Historic Background
	10.3.2 Focus on the Construction of Foundations

	10.4 The Collapse Process
	10.5 Investigations Conducted
	10.6 Lessons Learnt From the Collapse
	10.7 Reconstruction of the Bridge
	10.8 References

	Chapter 11 Sully-sur-Loire Suspension Bridge
	11.1 Introduction
	11.2 The Investigation Process
	11.3 History of the Bridge
	11.4 The Process of the Collapse
	11.4.1 Reminder of the Functioning of this Type ofBridge
	11.4.2 Observations of the Technical Committee
	11.4.3 Most Probable Collapse Process

	11.5 Conducted Investigations
	11.5.1 Characteristics of Steel Elements
	11.5.1.1 Geometrical Characteristics
	11.5.1.2 MetallurgicalCharacteristics

	11.5.2 Study of the Failure Behaviour
	11.5.2.1 Faces of Fractures in Service
	11.5.2.2 Resilience of the Steel
	11.5.2.3. Toughness KIc of the Steel


	11.6 Interpretation of Results
	11.6.1 Service Stresses
	11.6.2 Toughness KIC as a Function of Temperature

	11.7 Lessons Learnt From the Collapse
	11.7.1 Immediate Lessons
	11.7.2 Reflection on a Management Policy ofSuspension Bridges During Cold Weather

	11.8 Characterization Campaign for Suspension BridgeCable Steels
	11.9 Reconstruction of the Bridge
	11.10 References

	Chapter 12 Point Pleasant ‘Silver’ Bridge
	12.1 Introduction
	12.2 Structural Characteristics of the Bridge
	12.3 Material Properties of the Eyebar Steel
	12.4 The Investigation Process
	12.5 The Collapse
	12.6 Lessons Learnt
	12.7 References

	Chapter 13 Thruway Bridge at Schoharie Creek
	13.1 Introduction
	13.2 The Investigation Process
	13.3 Background
	13.3.1 Description of Bridge
	13.3.2 Construction

	13.4 Site Geology and Hydrology
	13.5 Information From Time of Collapse
	13.6 Observations and Work at Bridge Site
	13.6.1 Examination of Superstructure
	13.6.2 Examination of Pier 3

	13.7 Finite Element Analysis of Pier 3
	13.8 Conclusions
	13.9 Lessons Learnt

	Section 3: Failures WithoutCollapses
	Chapter 14 The Leaning Tower of Pisa
	14.1 Introduction
	14.2 The Investigation Process
	14.2.1 The Anamnesis
	14.2.2 The Objective Examination
	14.2.3 The Instrumental Examination
	14.2.3.1 The Subsoil Investigations
	14.2.3.2 The Results of Monitoring: 1911 – 1990


	14.3 The Diagnosis
	14.4 First Aid Interventions
	14.4.1 The Lead Counterweights
	14.4.2 The Ten Ground Anchors

	14.5 The Therapy
	14.5.1 The Choice of the Procedure
	14.5.1.1 The Preliminary Underexcavation
	14.5.1.2 The Final Underexcavation


	14.6 Future Scenarios
	14.7 Lessons learnt
	14.7.1 Perseverance
	14.7.2 The Road to Hell
	14.7.3 Fate

	14.8 References

	Chapter 15 The Leaning Tower of St. Moritz
	15.1 Introduction
	15.2 The Brattas Landslide
	15.3 The Leaning Tower and the Stabilization of theLandslide (Albert Heim, 1899)
	15.4 The 1st Stabilization of the Tower(Robert Maillart, 1928)
	15.5 The 2nd Stabilization of the Tower(Robert Haefeli, 1968)
	15.6 The 3rd Stabilization of the Tower (H.-J. Lang,R. Wullimann, F. Schneller, 1983)
	15.7 Lessons Learnt
	15.8 Acknowledgements
	15.9 References

	Chapter 16 Excessive Deflections and Cracking inthe Reinforced Concrete Floor Slabs ofthe Silverton Building in Canberra
	16.1 Overview of the Silverton Building
	16.2 Court Proceedings
	16.3 Some of the Outcomes of the Investigations
	16.3.1 Brief Overview of the Investigations
	16.3.2 Excessive Deflections and Crackingof the Floor Slabs
	16.3.3 Concrete Supply
	16.3.4 Construction
	16.3.5 Remarks on the Content of the StructuralInvestigations

	16.4 Conclusion and Discussion – Lessons Learnt
	16.5 References

	Chapter 17 Agrigento Cathedral: LandslideAssessment and Mitigation of the“Girgenti Hill”
	17.1 Introduction
	17.2 Construction History and Summary of Events
	17.3 Geological and Geotechnical Model
	17.4 The Investigation Process
	17.5 Safety Checks and Consolidation Work
	17.6 Lessons Learnt
	17.7 References




