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Chapter 15

The Leaning Tower of St. Moritz
Alexander M. Puzrin
ETH Zurich, Switzerland

This chapter explores the history of the Leaning Tower of St. Moritz and describes the 
stabilization attempts.

15.1 Introduction
The 13th-century Leaning Tower of St Moritz (Figure 15.1), is located in the historic 
centre of the famous Swiss ski resort town in the compression zone of the 10 million 
m3 Brattas Landslide. Over hundreds of years, this slowly creeping landslide, which is 
blocked by a rock outcrop below the tower, had damaged the adjacent St. Mauritius 
church to such an extent that it had to be demolished already in 1893 due to dangerous 
differential settlements and cracks. The fact that the 33 m tall tower has survived its 5.40 
degrees downslope inclination should not be taken for granted: this is an outcome of a 
century-long effort by several outstanding Swiss engineers who came up over the years 
with original stabilization solutions [1].

15.2 The Brattas Landslide
The Brattas-Fullun landslide, which constitutes the major factor for the special geotech-
nical conditions of the Leaning Tower, is located on the northern slope above the village 
of St. Moritz [2]. It is composed of a 600 m wide clastic flow bounded on both sides by 
almost parallel shear surfaces (Figure 15.2, top). The detachment zone is located on the 
southern edge of the terraced surfaces of the Val Saluver at an altitude of 2400 m a.s.l., and 
the area stretches over a horizontal distance of 1.5 km to a lower altitude of 600 m with 
the average inclination of about 20°. The clastic flow consists of two parts (Figure 15.2, 
bottom), with some geological evidence of a rock outcrop at the boundary between them. 

The upper zone, which extends from the detachment zone between Sass Runzöl and 
Sass da Muottas to the crest at an altitude of approximately 2100 m, is composed of a 
rockfall with boulders reaching 2-3 m in diameter. The lower 600-700 m long zone, which 


	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




