Development of Roles

In order to appreciate the fact that a given structure must satisfy a variety of performance objectives, the students should be encouraged to act out their roles to the fullest. Here are some detailed descriptions for your reference of each role to help you to stimulate the thought processes each student should be undertaking.

[image: image1.bmp]Building Owners should seek to maximize the amount of rental space available. Therefore, the ideal owner’s building would be as tall as possible. In particular, the upper floors will bring in additional rental value by virtue of the “great views” they provide penthouse owners. Since the base of the building can only be 4x8 Lego dots, to have even larger rental area in the upper floors, an owner would ask the engineer to build a building with top floors larger than this fixed base. The owner’s “ideal” building is shown as the building at the left and is clearly contrary to most skyscrapers we see, with wide bases that narrow to rooftop spires. The owner should be advocating, throughout the design, to have a tall building with the largest possible floor areas, especially in the upper floors.

Architects are very concerned with both the form and function of the structure. From the perspectives of form, aesthetics become important. This can mean a number of things from developing a color scheme with the Lego bricks to designing a distinctive spire or rooftop structure for the building. However, function is also the concern of the architect. The building must present an attractive, comfortable and safe working/living environment for its tenants. As a result, the architect would tend to design a structure with no interior walls, as shown in the image on the right. (In fact, the owner would support this approach since it produces more rental space.) The architect would want a floor plan with few obstructions for lots of clear space within the building for offices and living spaces. Further, the architect would want a structure with plenty of windows, especially in those upper floors to develop attractive penthouse units. Thus, interior walls may be needed support the structure under an earthquake if windows are provided. A more conventional structure may have interior walls or columns as shown in the figure on the left. Most importantly, the architect must make sure that a doorway is allowed on the bottom floor so people can enter the building! In the design phase, color schemes and patterns may not be a topic for debate, but the layout of interior walls and number of windows will become critical.

The engineer is responsible for the performance of the building under loads -- from daily loads due to people and furniture to severe loads such as those caused by an earthquake. From intuition, the engineer can identify the general characteristics of a successful design. He/she should note existing structures to decide what designs will “work.” For example, the pyramids and skyscrapers share the features of wide bases and narrow tops. If a structure has a narrow base with larger upper floors, as the owner would want, an engineer should sense that the structure could be top heavy and topple. This would be an unstable structure under the action of earthquakes.

Ultimately, the engineer is responsible for insuring the life safety of the occupants. The rental value or aesthetic beauty of the structure is meaningless if it should fail. Thus the structure’s strength and stability in the face of the earthquake becomes the ultimate concern and the task of the engineer. Here are some additional tips to help the engineer to design a structure that can survive an earthquake:


· Most failures in these buildings occur at the lower floors, where large forces are present. The design of these floors should be carefully considered.

· While windows are an attractive feature in the structure, they weaken exterior walls of the building. Interior walls, columns or some other reinforcements may have to be added to strengthen the building at some floors.

· Stability of the structure may become a concern as the number floors in the design increases. Think of stacking wooden blocks as a child. The blocks tend to wobble and topple as the structure increases in height. Very tall buildings may become unstable.

· Try to identify the weakest link in the building through testing. Simulate an earthquake by shaking the building as an earthquake would. Make sure to shake the building along the direction of the shorter side, as shown in the figure above. This is how it will be tested in the final competition. Create a base out of extra blocks. Securely attach your building to it and then shake this base back and forth. Points of failure should be identified and redesigned.

The builder is confronted with the difficult task of constructing a building meeting the needs of the owner and architect and provisions of the engineer, subject to practical construction constraints. Thus, the builder will need to decide who will comprise in their design ideas and for what part of the building. He or she must find a way to provide sufficient rental value for the owner, while meeting the engineer’s concerns for stability and survival in the earthquake and, and at the same time provide an aesthetically pleasing structure.
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