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			Introduction

			If you ask an engineer to tell you the risk of failure of a structure that he/she has just designed, he/she will possibly reply “None. Never”. On the other hand, if you asked the same question of someone who has just drafted a Structural Design Code, he/she may reply “There is one chance in 100 that it will fail in the next 50 years”. A problem with this question is 

that the answers cannot be checked by direct measurement. Nevertheless, the answer to this question is an important factor to many persons involved in the specification and implementation of risk associated with structures. The following discussions are examples chosen to illustrate some aspects of the risk of structural failures.

			Design of Timber Structures
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			The design of timber structures would normally be undertaken through the application of Design Codes such as Standards Australia Design Code AS1720.1 [1]. Typically, this would result in structures that have a reasonable reliability. The risk would be about 10-4 over a life of 50 years.  But there can be difficulties if the structure involved is unusual. An example of a satisfactory standard detail that has been slightly modified, is the heel joint shown in Figure 1. The unusual form of the nail-plated heel joint was chosen in order to eliminate the necessity of having an external overhang. This heel joint was used for the major trusses of a golf clubhouse in Adelaide. In 2002, after 7 years in service, on a quiet windless day, some of these heel joints failed and the roof collapsed killing several people, Figure 2.

			Laboratory tests on replicates of the heel joint indicated that frequently the failure sequence was along the sections A-A, B-B, and C-C ; the failure along Section B-B [2], essentially a combination of shear and tension perpendicular to the grain failure, appeared to control the maximum load capacity. Although nail plated joints had been in use in Australia since 1960, it is doubtful that a check for the strength of such a failure mode in standard heel joints had ever previously been formally undertaken. Timber is more complex to use than steel and concrete because of its highly orthotropic properties. Design engineers need to be alert to the fact that timber is extremely weak in the direction across the grain, and secondary stresses, such as occurred in the above example, may sometimes be the dominating one. The lesson of this tale is that if the designer moves outside the ‘normal’ or ‘typical’ structural configuration, then he needs to move carefully and be assisted by specialist expertise. These days, this applies particularly because of an increasingly popular use of timber structures in high-rise buildings and long-span structures. Other commonly used structural materials that have poor secondary properties include brickwork, glass and plaster.

			Houses
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			The structures of existing house systems are a complex mix of numerous materials and structural systems. Many of these systems have evolved through much trial and error by tradesmen over the years, rather than a formal design by professional engineers using design Standards. This is a system that will produce low cost optimized solutions when all goes well, but on occasions can lead to disaster in the event of the occurrence of a rare load event. Such was the case on Christmas day, 1974, when a high strength cyclone, Cyclone Tracy, hit the northern Australian city of Darwin, a small coastal town of about 50,000 people. As a result, 80 percent of the housing was destroyed, 71 people were killed and most the population of Darwin was evacuated to other Australian cities. It was noted that the mass destruction of housing occurred for all types of structural material used; these included the use of timber, steel, concrete, aluminum and brickwork, Figure 3.  By contrast to housing, it was noted that most of the conventionally engineered structural systems survived quite well. A spectacular example of this was the steel structure that supported a drive-in screen angled front-on to the cyclone winds, Figure 4.
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			Figure 5 shows the magnitude of the annual peak wind pressures measured at Darwin. The magnitude of the wind pressures in 1975 relative to that of previous years, illustrates the reasons as to why houses developed solely by trial and error to resist the peak wind forces that occurred prior to 1975 were unable to cope with the much higher wind pressures produced by Cyclone Tracy. Because the extent of the destruction during cyclone Tracy was so complete, it was decided that in developing new post-Tracy building standards we should start from scratch and, where possible, to use structural engineering principles in the design of building components and housing systems. This included the full-scale testing of complete houses submitted and built by the most technically competent building companies at that time, Figure 6. Among the many facts obtained during this testing phase, it was of some concern to note that of the first 6 houses tested, 4 failed to reach their expected target values due to unanticipated structural actions [3]. For example, it was found that the strength of a twisted hold-down steel strap, subjected to fatigue loading, varied considerably depending on which direction the twist was made [3].
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			On the basis of the extensive testing undertaken, and extensive visits made to examine  building construction in the cyclone prone coastal towns of northern Australia, the author is of the opinion that it would not be wise to rely on a house for shelter during a cyclone attack, unless the house is structurally attached to a conventional engineered structure of steel or concrete Figure 7. An example of one such anchor structure would be the reinforced concrete ring beam and column system advocated in Florida and the Bahamas [4].

			Long Span Bridges

			Large structures lie at the heroic and exciting end of structural engineering. They usually involve extending all aspects of structural design and construction, often involving the use of untried components and procedures. An interesting discussion on many aspects of this matter are given in a paper by Pugsley [5]. The data presented by Pugsley indicates that the failure rates for large span railway and suspension bridges constructed during the 19th and 20th century were of the order of 1 in 10, while that of conventional span bridges were about 100 times less. He also noted that the failure rate for new large span bridges did not reduce with time. Pugsley presents an interesting discussion in which the high failure rate is shown to be only one of many parameters that needs to be taken into consideration in any decision to build a long span bridge.

			Risk

			Information from investigations on structural failures such as those described in this paper can provide useful ‘order of magnitude’ estimates of risk. The examples examined in this paper indicate that the failure rate of engineered construction is roughly as follows:

			a.	For long span bridges: 10-1 

			b.	For short span bridges: 10-4

			c.	For buildings subjected to cyclonic wind loads: 10-2

			d.	For buildings not subjected to cyclonic wind loads: 10-4 

			And for housing in Australia:

			e.	Subjected to cyclonic wind loads: 10-1

			f.	Not subjected to cyclonic wind loads: 10-3

			Even this simple type of information has value. For example, the relatively high risk of failure that occurs during the construction of long span suspension bridges is perhaps unexpected. Nevertheless, this fact should raise an alarm that it is an unsafe practice to place workmen’s huts directly under a long span bridge during construction. Yet this practice took place and was a cause of many deaths when the Westgate Bridge in Melbourne collapsed during construction in 1970. If national (or international) projects set up to obtain information and statistics on various aspects of structural failures were coordinated, then relatively sophisticated aspects such as management pressures, human error, durability, ductility, fatigue, fracture and the use of damage monitoring equipment could be taken into consideration to produce structures that have performance optimized with respect to financial and human costs to a far greater extent than is currently done.
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Figure 1: Detail of Nail-Plated Heel
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Figure 4: Drive-in Screen in Darwin (post Tracy).
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Figure 2: Failed Roof.
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Figure 5: Annual Peak Wind Gust Pressures in Darwin.
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Figure 3: Destruction by cyclone Tracy.
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Figure 6: Structural Loading of Full-Scale House (James Cook University)
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Figure 7: Reinforced Concrete Anchor-Structure Specified in the Bahamas Building Code.






