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Preface 

This is a special publication of the Education Committee of the American Society of 

Civil Engineers’ (ASCE) Technical Council on Forensic Engineering (TCFE). It was 

first published in 1995 as Failures in Civil Engineering:  Structural, Foundation and 

Geoenvironmental Case Studies edited by Robin Shepherd and J. David Frost.   

Forensic Engineering is the application of engineering principles to the 

investigation of failures or other performance problems. The investigations may 

involve testimony on the findings before a court of law or other judicial forum, when 

required. Failures include not only catastrophic events, such as bridge and building 

collapses, but also failures of facilities or components to perform as intended by the 

owner, design professional, or constructor. ASCE authorized TCFE in July 1985 

following a number of dramatic collapses of engineered structures, such as the 

Hartford Coliseum, Kemper Arena, and the Hyatt Regency Walkways. The purpose 

of TCFE is to develop practices and procedures to reduce the number of such failures, 

to disseminate information on failures and their causes, to provide guidelines for 

conducting failure investigations, and to provide guidelines for ethical conduct in 

forensic engineering. It is the purpose of TCFE’s Education Committee to promote 

the study of failure case histories in educational activities. Thus, the committee works 

to promote and advance the educational objectives of colleges and universities and 

act as a source of referral for educational material with forensic engineering 

emphasis. 

Design and construction of civil engineering projects presents unique 

challenges. The design and construction “team” consists of owners, design 

professionals, and construction professionals in a temporary association for a specific 

project.  The unpredictability of the exposure to natural and man-made hazards that 

the facility will experience during its life necessitates that the design be based on 

sound engineering judgment rather than certainty.  In some industries, a series of 

prototypes can be designed and built to work out the problems before the final 

product is manufactured.  Lessons learned from problems with the earlier prototypes 

are incorporated in the final product.  By the nature of most civil engineering 

projects, that is not an option.  Hence, it is critical that we learn from both the 

successes and failures of each individual project.    

Failures can occur during construction, any time during the service life of the 

facility, and even during demolition.  They occur for many reasons, such as 

inadequate consideration of the inherent instabilities of a structure, fragmentation of 

responsibilities that may occur during the construction process, not anticipating or 

designing for all modes of failure, and unusual or unanticipated loadings.  Failures 

can often be traced to the beginning of a project’s life; such errors include: 

� Design errors and omissions 

� Construction sequencing (means and methods) 

� Construction phase process failures (e.g. shop drawings and submittals) 

� Construction defects 

� Materials defects 

� System and component defects 
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Once a building or structure is in service, failure not directly attributable to design or 

construction is most often caused by one or more of the following: 

� Deterioration 

� Damage 

� Catastrophic events 

� Overload 

Failures often result from a combination of factors, and it is instructive to 

study the underlying cause(s), triggering events, contributing factors, and mitigating 

factors.  Sometimes, one failure results in a change in the standard of practice.  Other 

times, it takes a series of repeated failures to influence change.  Unfortunately, 

despite repeated failures, the lessons are not always learned.  This second edition has 

been expanded with the inclusion of additional case studies such as the Alfred P. 

Murrah Building and Charles de Gaulle Airport Terminal as well as expanded 

descriptions of the case studies, and inclusion of additional references, photographs, 

and illustrations.   

The objective of this publication is to provide resource material on typical 

failure case studies that can be used by engineering professors in their classrooms.  It 

includes an outline of each case study, summary of the lessons learned, and a list of 

references for further study.  It is anticipated that the discussion of failure case studies 

in the classroom will provide students with improved awareness that sound 

engineering requires an understanding of both the successes as well as the failures. 
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Chapter 1 

Foundation Failures 
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TOWER OF PISA 
(1173 & Ongoing) 

The Tower of Pisa (Figure 1-1) in Italy is about 60 m (200 ft) tall from foundation to 

belfry, 20 m (66 ft) in diameter and weighs approximately 145 MN (14,500 tons).  It 

was constructed in three phases.  Four floors were built over a 5 year period from 

1173 to 1178.  Following an almost 100 year hiatus, in the second phase of 

construction, three additional floors were constructed between 1272 and 1278. The 

third construction phase occurred more than 80 years later between 1360 and 1370 

when the bell tower was added. The tower’s foundation is inclined at almost 5.5 

degrees to the south; the tower overhangs the ground about 6 m (20 ft) out of plumb.  

The value corresponding to the eccentricity on the loads on the foundation is 2.3 m 

(7.5 ft). 

Evidence indicates that the phased construction was mandated by the 

performance of the structure as it was being built.  Further, records indicate that 

during construction the tower appeared to move sufficiently so that the builders used 

obliquely cut stones in an effort to maintain the floor of each successive story 

approximately horizontal. It is interesting to note that the obliquely cut stones were 

used by the Pisa Commission,  entrusted with gathering and collating relevant data for 

an international competition organized to identify a method to stabilize the tower in 

1972, to reconstruct the pattern of movements throughout the first two phases of the 

tower’s construction. Their calculations showed that at the end of the first 

construction phase the tower had begun to lean towards the northwest. During the 

second and third phases, the angle of inclination increased and the principal direction 

of tilt shifted first to the northeast and then to the south. 

By 1993 the tower’s maximum horizontal tilt had progressed to 5.2 meters (17 

ft).  In June of that year an attempt was made to reduce the tower’s tilt.  Specially 

fabricated lead counterweights were placed on top of the north side of a tensioned 

concrete ring built around the base of the tower.  The tilt was reduced by 

approximately 12 seconds of arc over a 6-week period, as about 1.3 MN (130 tons) of 

lead were placed.  Over the course of the remediation, until January 1994, a total of 

6.9 MN (690 tons) was applied and by July 1994 the tower had righted its position 

toward the north a full 52 arc seconds.  The Pisa Commission decided to replace the 

lead counterweights with an anchored cable system.  In 1995 they began freezing the 

ground with liquid nitrogen in preparation for installing the cables. As soon as the 

freezing stopped the tower began to once again lean southward at a rate of four arc 

seconds per day. The operation was halted.  They continued a search for a permanent 

solution.  

In March of 1996 engineers successfully completed a test of a soil-extraction 

method to reduce the tower's lean. In this method an inclined drill was used to create 

cavities that gently closed due to the pressure of the overlying soil. The method was 

fully employed three years later.  In 1999, after the installation of temporary cables, 

which could be tensioned to steady the tower if detrimental movements occurred, 

engineers drilled a dozen boreholes over a width of approximately 5.5 m (18 ft).  

They slowly removed underlying soil at a rate of approximately 0.02 cubic meters 
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