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1
Configuration
Buildings are designed by architects and engineers.  In reality, in most cases, buildings principally for human occupancy are designed conceptually by architects.  That is to say that architects are the ones principally responsible for the configuration of buildings for human occupancy.

Configuration has to do with the shape and size of the building.  Inevitably shape and size to a large extent determines (or greatly influences) the type, shape, arrangement, size, location and most other aspects of the structural concept.  Also, the architectural configuration determines the location and nature of non-structural elements of the building.

The extended definition of “configuration” therefore encompasses:

· architectural shape and size;

· type, size and location of structural elements;

· type, size and location of non-structural elements.

In the words of Geoffrey Wood
:

“Earthquake-resistant design is really a problem for architects.”
The architect determines the conceptual design of the building and in so doing largely determines the type and effectiveness of the earthquake-resisting systems which can be used by the structural engineer.  Because of this, it is of paramount importance that the architect have a better-than-usual knowledge of the basic principles of the conceptual design of earthquake resisting systems.  Alternatively, the architect should involve the structural engineer in the initial discussions and development of the building concept.

The Tri-services Manual of the USA Army, Navy and Air Force states:

“A great deal of a building’s inherent resistance to lateral forces is determined by its basic plan layout. . . .

“Engineers are learning that a building's shape, symmetry and its general layout devel​oped in the conceptual stage are more important, or make for greater differences, than the accurate determination of the code-prescribed forces. . . .”

Structural engineer William Holmes, writing in 1976, states:

“It has long been acknowledged that the configuration, and the simplicity and directness of the seismic resistance system of a structure, is just as important, if not more important, than the actual lateral design forces.”
Henry Degenkolb (the late engineer well known to many Caribbean engineers) is emphatic in stressing the importance of configuration, but also recognizes that seismic design is but one of many influences on the shape of the building:

“If we have a poor configuration to start with, all the engineer can do is to provide a band-aid -- improve a basically poor solution as best he can.  Conversely, if we start off with a good configuration and a reasonable framing scheme, even a poor engineer can't harm its ultimate performance too much.  This last statement is only slightly exaggerated.  Much of the problem would be solved if all structures were of regular shape, but economics of lot sizes and arrangements, various planning requirements for efficient use of space, and aesthetically pleasing proportions, require the structural engineer to provide for safe constructions of various shapes.”
The nature of the problem has been well stated by the Nicaraguan architect José Francisco Terán, who studied the effects of the Managua (Nicaragua) earthquake of 1972:

“The question arises as to whether the building should be designed to meet the func​tional, social, and aesthetic needs and then be implemented for structural safety or if in seismic areas like Managua, the special problems of stability and overall integrity should condition the design process by which the elements of form such as mass, symmetry, modulation, etc, are decided.

“If we agree that such is the case, how can architects, engineers, owners, and the whole community develop a common design attitude for a phenomenon that occurs critically at considerable time intervals during which many of the design parameters actually change?   Besides, in contrast with the automobile, the ship, and the air plane that are designed primarily to be in motion during their functioning periods, buildings are designed to be static but may be subjected to short dangerous periods of violent motions.... The more simple, continuous, symmetrical, straightforward, and repetitive the solutions, the greater will also be the degree of reliability of the motionless structures in which we live and work when they become attacked by seismic motions.”
Those quotations above warrant discussion among the various disciplines involved in the design and building processes.  Terán’s solutions are for buildings to be "simple, continuous, symmetrical, straightforward, and repetitive”.  This advice is given not as an absolute, but as a qualitative factor that influences the reliability of the structure.  Terán asks for understanding and knowledge among the disciplines, not the imposition of mandatory constraints.

The importance of configuration is well recognised in modern standards which penalise unfavourable configurations through the application of higher factors to the earthquake loads or through demands for more sophisticated analyses.  The definitions in standards documents of unfavourable configurations are somewhat subjective.

2
Structural Systems
The main vertical resisting systems for earthquakes are:

· shear walls;

· braced frames;

· moment resisting (or rigid) frames.

The main horizontal resisting system for earthquakes is the floor acting as a diaphragm.

2.1
Diaphragms

The diaphragm transfers and distributes the horizontal forces of the earthquake to the various vertical elements or systems in accordance with their relative stiffness and dependent on their positions relative to the centre of rigidity of the building or portion thereof.  This latter determinant has to do with torsional effects.  Penetrations are commonplace in floor slabs.  The designer must understand the action of the diaphragm to appreciate the effects of such penetrations.

2.2
Shear Walls and Braced Frames

These systems act as vertical cantilevers.  Their lateral load-carrying function is to transfer the horizontal diaphragm loads to the foundations.

Braced frames act similarly to shear walls.  The most common material for braced-frame construction is steel in the form of rolled sections or tubes.  Where diagonal bracing is used, the braces in compression are sometimes ignored because of buckling.  Where the bracing is in one direction only (within the plane of the braced frame) the diagonal member must be proportioned to prevent buckling when in compression.

2.3
Moment Frames

Moment-resisting frames counteract the horizontal forces of earthquakes through the bending strengths of the beams and columns connected rigidly at their junctions with one another.  Of course, this bending is accompanied by shear forces.  From an architectural standpoint, moment resisting frames have positive and negative implications:

· They allow greater flexibility than shear walls and braced frames in the functional planning of the building – positive.

· They exhibit greater deflexions than shear walls and braced frames so that the detailing of non-structural elements becomes more problematic - negative.

2.4
Non-structural Components

It is commonplace for engineers to ignore the “structural” effect of these elements.  In some cases the non-structural elements provide accidental strength to the building.  They may, however, interfere adversely with the structural behaviour of the essential load-carrying structure.  This could lead to unanticipated overstressing of essential load-carrying members.

3
Basic Configuration Issues and Structural Response
The size of a building is a factor in earthquake-resistant design.  It seems self-evident that smaller buildings can tolerate greater liberties in configuration and detail.  Having said that, it is a fact that historically the majority of deaths in earthquakes have been caused by small houses collapsing on their occupants.  Thus, complacency is not warranted when dealing with small-scale buildings.

The height of a building in an earthquake (which exhibits horizontal forces) is analogous to the length of a cantilever.  It is self evident that increasing height increase the earthquake-resisting problem exponentially, all other things being equal.  Height affects the natural vibrating period of the building.  The higher the building the longer its period.  Depending on the nature of the earthquake and the nature of the founding soils, increasing the period may increase or reduce the response of the building.

Earthquakes move as waves through the earth’s crust.  If the building has great horizontal dimensions, the differential arrival of the wave in different parts of the building could pose problems.  These could conveniently be alleviated by the introduction of separation joints.

Limiting the height/width ratio to 3 or 4 keeps the overturning problem within reasonable bounds.  In particular, large overturning moments on narrow footprints can lead to high compressive forces on outer columns.  These can be very difficult to deal with.

An important characteristic for earthquake-resistant buildings is symmetry.  This characteristic applies to horizontal plan shape as well as to vertical elevation shape.  There are many cases of false symmetry where the centre of mass of the building does not coincide with the centre of resistance, although the outward appearance of the building may be symmetrical.

Another favourable characteristic of earthquake-resistant structures is redundancy.  Redundant structures provide multiple load paths so that the premature failure of one (or a few) elements would not lead to the catastrophic and sudden collapse of the building.

The most favourable locations of vertical elements for resisting horizontal loads is at the perimeter of the building.  This is so because such locations provide the greatest lever arm for resisting overturning moments.

The soft storey concept is very dangerous in earthquakes.  A soft storey may be conveniently defined as one where the stiffness is less than 70% of the storey above it.  This commonly occurs in multi-storey offices and hotels due to the desire for higher ceilings and more open spaces on the ground floor.  Several design strategies are available for dealing with this situation.

A non-structural detailing method for in-fill block walls often produces short columns.  These columns absorb more than their anticipated share of the lateral loads from earthquakes, leading to shear failure.

Separation joints are used for several reasons in buildings.  When this is done the joint between the adjacent parts of the building must be sufficiently wide to avoid hammering during an earthquake.

Another issue to be addressed with separation joints is the flexibility of mechanical services as they cross the joint.

The commonly-accepted aim of good earthquake-resistant design is to bring about “failure” (or yielding) of the beam before failure of the contiguous column takes place.  This characteristic is described as strong column weak beam.  The common hindrance to this desirable feature is the spandrel beam at the perimeter of a building.  This are often quite deep for architectural reasons and can be quite an embarrassment for the structural design.

4
Materials
Desirable features of structural materials for earthquake resistance are:

· high ductility;

· high strength-to-weight ratio;

· homogeneity;

· ease in making full-strength connections.

Based on the above properties, a ranking
 is given below for buildings of different heights:

	
	High-rise
	Medium-rise
	Low-rise

	best
	1 - steel
	1 - steel
	1 - timber

	
	2 - in-situ reinforced concrete
	2 - in-situ reinforced concrete
	2 - in-situ reinforced concrete

	
	
	3 - good precast concrete (with caution)
	3 - steel

	
	
	4 - prestressed concrete
	4 - prestressed concrete

	
	
	5 - good reinforced masonry (with caution)
	5 - good reinforced masonry

	
	
	
	6 - good precast concrete

	worst
	
	
	7 - primitive reinforced masonry
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