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Earthquake Mitigation for Hospitals  
Workshop

Part 3 – Structural  Vulnerability

Presenter
Presentation Notes
Slide 1 – Part 3 Title Slide
This section will discuss building response to earthquake ground motion, vulnerability of various building structure types, their relative vulnerability, and the implications of building response on nonstructural component, equipment, and system performance.  
Note to Instructor:
The instructor may want to present a brief synopsis of their background and experience with building structures and earthquake design, response, and construction including possible post-earthquake investigations.  It is also suggested that questions from the audience be encouraged as they come up to facilitate workshop interaction among the participants.
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Building Structural 
Vulnerability to Earthquakes

RISK = f(HAZARD, VULNERABILITY)

Risk is a function of both the potential hazard 
(seismic ground motion) and vulnerability (lack of 

seismic preparedness in structural and nonstructural 
systems)

Presenter
Presentation Notes
Slide 2 – Building Structural Vulnerability to Earthquakes
We are shifting gears in our risk equation to the vulnerability side of the functional relationship.  We previously heard about the earthquake hazard affecting the region.  In this session and the next we will be looking at the vulnerability of both building structures, and nonstructural components, equipment, and systems to earthquake excitation.  
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Section Outline

• Building response to earthquake ground 
shaking

• Effect of building type, age, 
configuration, regularity on performance

• Pounding between buildings
• Examples of structural damage
• Implications of building response to 

nonstructural performance

Presenter
Presentation Notes
Slide 3 – Section Outline
In this session we will present a summary of building structure vulnerability, or damage potential.  First we will look at how buildings respond to earthquake ground shaking by reviewing the effects of differing building types, vintage, and configurations that affect response.  This will help us to begin to understand the positive and negative response characteristics of various building types under earthquake ground shaking.  We will also look at the effect that closely located buildings can have on building response.  Then we will look at several examples of building vulnerability and damage from past earthquakes.  Lastly, we will comment on how building response affects nonstructural components, equipment, and systems, which will be discussed in the next section.  
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Structural & Nonstructural Components

Presenter
Presentation Notes
Slide 4 – Structural vs. Nonstructural Components
As an introduction, this slide provides a pictorial of what is defined as the building structure, and what are nonstructural components, equipment, and systems.  The building structure is the roof, beams, columns, structural walls, floors, and foundations, identified with blue text on this slide.  These are the elements that hold up everything else.  All other building components (those shown in red) are defined as nonstructural components, which include components like exterior building cladding or glazing that provides a weather tight environment for building occupants, heating and cooling equipment and distribution systems to provide a comfortable environment in which to work, electrical equipment to provide electrical power throughout the building, and ceiling systems, partition walls and finishes that provide a aesthetically pleasing environment in which to work.  In addition, hospitals contain contents like desks, chairs, files, medical equipment, and computers that support the function of the building. As you can see there are a lot of items within the category of nonstructural components, which will be discussed in the next section.
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Building Response to Earthquake 
Ground Shaking

• Rock Ruptures
• Shock Waves Propagate thru Rock
• Soil Shakes on Top of rock
• Soil can Amplify the Ground Motion
• Buildings Shake Predominantly Horizontal

Epicenter
At Surface

Presenter
Presentation Notes
Slide 5 – Earthquake Ground Motion Affects on Buildings
The purpose of this slide, which you saw in the earlier Session on Seismic Hazard, is to briefly review what happens when an earthquake occurs.  Energy is released from the earthquake source zone, which is sometimes referred to as the earthquake focus.  As the energy radiates outward from the focus it begins to attenuate, or die out.  However, the shaking may also re-amplify in softer soils, or it may amplify due to directivity effects or basin effects, which are not illustrated here.  And, as previously noted, horizontal motions are generally of greatest interest, because the amplitudes of vertical motions are normally 1/3 of that of horizontal motions.  
Amplification due to softer soils, in particular, may be highly significant, as was the case, for example, during a magnitude-8.1 earthquake in 1985 that occurred nearly 200 miles west of Mexico City.  The earthquake destroyed 416 buildings and seriously damaged over 3,000 buildings located on or near the bed of the historic Lake Texcoco, where the prevailing soft soils significantly amplified the shaking.  
To account for the effect that soils have on ground motion response, the soil amplification factors in the International Building Code used for design can be on the order of 2-3 times the base ground shaking level for rock.  Use of this factor results in a direct amplification of the force parameter used in design.  Thus, if the soils were not correctly characterized beneath your building during design, then the design could be under-designed relative to the expected ground motion.  
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Earthquake Loads on Buildings

Presenter
Presentation Notes
Slide 6 – Earthquake Loads on Buildings
This diagram illustrates the forces and stresses within a building structure that build up as a building structure is subjected to ground shaking.  The base of the building follows the ground movement, as it is anchored.  The inertia of the upper sections of the structure tries to resist this motion.  The ground motion then changes direction and the response of the building is reversed.  This cycling of building response continues even after the ground shaking has stopped, slowly decaying to a standstill.  The type of building structure, height, and configuration affect how the building responds to the ground motion.
In this slide, note how the top of the building illustration is deflected more than the lower floors.  The top of the building experiences greater displacements and thus greater forces than the lower floors.  In fact, the building code requires that a typical nonstructural component located at the top of  the building be designed for three (3) times the forces that would be required if it was located at the foundation level.  This factor is to account for the increased response of the building with height.  
Note to Instructor
The instructor should use a laser pointer to assist in illustrating the various elements of the building as the discussion progresses.
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Earthquake Response of 
Structures

Presenter
Presentation Notes
Slide 7 – Earthquake Response of Buildings
Buildings resist the earthquake forces through a variety of structural elements.  The structural elements that resist the earthquake forces are collectively defined as the lateral force resisting system.  In the diagram we see the roof or diaphragm that transfers the earthquake inertia forces out to the perimeter shear walls shown in yellow.  As noted, these vertical elements can easily be braced frames, moment frames or a combination of elements, instead of shear walls.  In this example, the roof diaphragm, perimeter shear walls, and foundation system represent the lateral force resisting system for this type of building.
Another loading condition that must be addressed is out-of-plane forces.  The building diaphragm will deflect.  The end walls must have connections of sufficient strength to resist these deflections or failure will result due to these out-of-plane forces.  The photograph shows several exterior wall panels that failed out-of-plane due to inadequate strength of these connections.
Note to Instructor
The instructor should use a laser pointer to assist in illustrating the various elements of the building as the discussion progresses.
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Building Lateral Force Resisting 
Systems – Key to Good Performance

Presenter
Presentation Notes
Slide 8 – Building Lateral Force Resisting System
Here is a diagram of a building illustrating the general flow or transfer of earthquake forces through a building’s lateral force resisting system.  Note the vertical elements of moment frames, shear walls and diagonal bracing.  All of these vertical elements represent different types of lateral force resisting systems and will cause a building to respond differently to earthquake ground motion.  Which one that is used in a building structure provides a significant amount of information about how the building will respond.  For instance, moment frames, in general, allow buildings to deflect or sway more than a building that uses shear walls or diagonal bracing.  A moment frame building dissipates the energy through deflections of the building structure.  This is not bad; however, nonstructural components attached to the building structure must be properly designed and detailed to accommodate these larger deflections.
Note to Instructor
The instructor should use a laser pointer to assist in illustrating the various elements of the building as the discussion progresses.
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Lateral Force Resisting System

Presenter
Presentation Notes
Slide 9 – Building Lateral Force Resisting System
None of you are structural engineers, but it is very easy to evaluate what type of lateral force resisting system your building utilizes, and it will provide some idea of how the building will respond.  The drawing on the left is a plan view of a typical floor plan for this building. A key element of good building response is symmetry.  We first note that we have an unsymmetrical building in plan.  So the design needs to account for that.  We also notice that braced frames are used as the vertical lateral load resisting system. The braced bays are shown marked in red in the typical plan view.  On the right is a typical elevation of a braced frame bay that extends from the top of the building to the bottom at the foundation. The vertical elements of the lateral force resisting system should be symmetrical in both plan directions.  If we look at the plan view we have 3 braced bays on the right, and three braced bays on the left side of the building.  If we look in the left and right direction, we have again three braced bays along the bottom section of the building and three braced bays along the top edge. 
So, the conclusions that can be derived from just looking at the plans for this building are:  (1) unsymmetrical building in plan – not necessarily bad; (2) braced frame system for the lateral force resisting system – very good in that it has a lateral force resisting system and therefore, likely incorporated some level of design for earthquakes; (3) symmetrical vertical resisting elements on both sides of the building – good for resisting forces; and (4) the building will typically be stiff and not deflect as much due to the braced frames.
Note to Instructor
The instructor should use a laser pointer to assist in illustrating the various elements of the building as the discussion progresses.
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Strength & Ductility

Presenter
Presentation Notes
Slide 10 – Strength & Ductility
Another aspect of building performance we like to see in building structures is strength and ductility.  We naturally want buildings to be strong, but we also need ductility.  For example if we use the chalk analogy.  Everyone has broken a piece of chalk before.  It’s strong up to a point and then catastrophically breaks.  This type of building behavior is undesirable.  We want a building to be able to deflect, bend, and move to absorb energy and not break catastrophically.  If we think of a piece of rubber.  The rubber deflects, a lot, but does not break and if we release the load, it tends to come back to its original position.  The problem with non-ductile buildings, which contain elements that break catastrophically, is that they may collapse, which has an effect on life safety.  Thus, earthquake design provisions in the latest building codes require building structures to be designed for strength and also with a level of ductility such that catastrophic failures (collapse) do not occur.  The photographs show a non ductile catastrophic failure (left photo) and ductile performance in a reinforced concrete column (right photo). 
Note to Instructor
The instructor should use a laser pointer to assist in illustrating the various elements of the building as the discussion progresses.
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Building Stiffness

Earthquake Mitigation for Hospitals: Workshop

Presenter
Presentation Notes
Slide 11 – Building Stiffness
Another building characteristic that we discussed previously in our look at a typical building plan drawing is building stiffness.  Shear wall and braced frame buildings tend to deflect less to earthquake ground motion than buildings using frame structural systems that rely on the rigidity of the beam to column joints for stiffness and ductility in the building.  These latter buildings also deflect and move more.  An example of a stiff and flexible building structure is shown in the photos above where we have a shear wall building on the left, and a frame building on the right, that is also very close to collapse due to the excessive deflection.   
Note to Instructor
The instructor should use a laser pointer to assist in illustrating the various elements of the building as the discussion progresses.
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Other Performance Predictors

• Structure Type:
o Unreinforced Masonry
o Concrete Shear Wall
o Concrete Frame
o Concrete Frame with/

infill Shear Walls
o Steel Frame
o Steel Frame with/

infill Shear Walls
o Steel Braced Frame
o Precast Concrete Frame

Presenter
Presentation Notes
Slide 12 – Performance Predictors
As we have been saying, the type of structure provides a significant amount of information on the anticipated response of a building.  The various types of structure types can include the following list of structure types.
{the instructor should either read the list or point out several and elaborate on the type of response}
The photograph shows a concentric braced frame building structure.  We can expect this type of building structure type to be stiff with less deflection than a frame building.
Note to Instructor
The instructor should use a laser pointer to assist in illustrating the various elements of the building as the discussion progresses.
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Performance Predictors (Cont.)

• Building Age:
o Governing building

code (seismic design)
o Seismic provisions 

enforcement
o Materials used in 

construction
o Advances in technology
o Quality of construction
o Deterioration with age

Presenter
Presentation Notes
Slide 13 – Performance Predictors (Cont.)
Building age has an impact on building performance.  We know when earthquake design provisions were incorporated into building codes, typically after a major earthquake, and when enforced by local jurisdictions.  Thus, age of a building tells us IF earthquake design was required, and what provisions were likely used.  
We also know that different materials used throughout history have had various success, or lack of success in past earthquakes.  Unreinforced masonry is one example that we have learned is very vulnerable to earthquakes.  We also have new technology for resisting earthquakes.  One such technology is base isolation, where the whole building is placed on rubber blocks or a rubber/lead-core donuts at the foundation level, which absorb the ground displacements of the earthquake and transmit far less of this motion into the building structure itself.  The building just gently moves from side to side during a large earthquake.
Note the catastrophic failure in the upper photo of a reinforced concrete column.  Note the lack of steel reinforcing, particularly the horizontal ties.  Compare the quantity of steel in the damaged column to the column being constructed in the lower photo.  Significantly different requirements are required today than in the past to insure ductility in concrete elements as shown in the new column.  
Note to Instructor
The instructor should use a laser pointer to assist in illustrating the various elements of the building as the discussion progresses.
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Performance Predictors (Cont.)

Presenter
Presentation Notes
Slide 14 – Performance Predictors (Cont.)
Building configuration also has an impact on building performance.  An ideal configuration is a square or rectangle building plan.  But architects like to add character to a building and have wings with odd angle plan configurations.  What the wings or appendages do is introduce re-entrant corners into the building plan.  These re-entrant corners introduce stress concentrations that add additional forces in the building that require the building structural elements in these regions to be adequately designed or failures will occur. These examples show typical building plans with configuration irregularities.  Thus, if you have an older building with plan irregularities, you can likely expect greater earthquake damage at the re-entrant corner locations.
Note to Instructor
The instructor should use a laser pointer to assist in illustrating the various elements of the building as the discussion progresses.
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Plan Irregularities

Presenter
Presentation Notes
Slide 15 – Plan Irregularities
To illustrate plan irregularities, we can see the small building in the foreground has an irregular plan.  The dome shaped building has numerous wings introducing plan irregularities.  And, the building in the background has both plan irregularities and vertical irregularities with the numerous set-backs and steps in the building elevations.  The building may have been designed for these conditions, but it identifies areas that are subject to a higher force level during a seismic event and thus more prone to damage.  
Note to Instructor
The instructor should use a laser pointer to identify the various buildings as the discussion progresses.
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Building Vertical Irregularities

Presenter
Presentation Notes
Slide 16 – Vertical Irregularities
We introduced vertical irregularities in the example before.  Vertical irregularities are changes in the elevation of a building.  These set-backs introduce areas of force concentration like plan irregularities.  Changes in the vertical elements of the lateral force resisting system may change also and require design attention.  Additionally, many multi-story buildings typically have a taller first story that introduces differing response characteristics in the building structure.  This is called a soft first story.  
Note to Instructor
The instructor should use a laser pointer to identify the various areas of the building as the discussion progresses.
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Vertical Irregularities

Presenter
Presentation Notes
Slide 17 – Vertical Irregularities
Here is an example of vertical irregularities in a 3-story building.  An exposed basement exists on the back side of this photograph.  We note the low roof area that then transitions to the 2-story area adjacent to the entry.  We also have sloped roof diaphragms, and plan irregularities. 
Note to Instructor
The instructor should use a laser pointer to identify the various areas of the building as the discussion progresses.
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Vertical Irregularities

Presenter
Presentation Notes
Slide 18 – Vertical Irregularities
Here are several examples of vertical irregularities in mid-rise buildings.  Again, these conditions are not necessarily bad, but require design attention in order to properly transfer the building earthquake forces around and through these irregularities.  
Note to Instructor
The instructor should use a laser pointer to identify the various areas of the buildings to point out the vertical irregularities.
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Diaphragm Discontinuities

Presenter
Presentation Notes
Slide 19 – Diaphragm Discontinuities
Like vertical irregularities, diaphragm – or the roof and floor systems of a building, can occur, and will have an effect on building response.  In the example shown we have an entry to a hospital where it has a high exposed roof structure.  The roof or diaphragms on either side stop at the front entry, and are in fact notched out here.  The rear of the diaphragm connects the two low sections of roof together.  This affects the response of the building.  We can expect greater displacements at the low roof areas at this opening or cut-out in the diaphragm.  We can also expect possible damage to the roof diaphragm and roof members at the diaphragm re-entrant corners at the rear of the entry.  Thus, you have just identified a potential vulnerability in your building.
Note to Instructor
The instructor should use a laser pointer to identify the various areas of the buildings to point out the irregularities.
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Stiffness Irregularity

• Soft Story:
o Typically occurs at the first story 
o Desired architectural effect is tall open 

lobby or entry areas
o Story stiffness significantly different than 

adjacent stories

Presenter
Presentation Notes
Slide 20 – Soft Story
We introduced a soft story earlier.  This is a very common condition in multi-story buildings where the architectural effect is to create a tall open lobby or entry area that is dramatic and pleasing to the eye.  The subsequent floor elevations are typically much less in height.  This difference causes a difference in stiffness between the floors, and thus the response to earthquake shaking.  If the lower and taller story is not designed properly it will displace more than the upper floors and begin to fail.  This can then lead to a collapse of the first floor.  The Olive View Hospital we discussed earlier is an example of this phenomena of stiffness irregularity or soft story.
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Soft Story

Presenter
Presentation Notes
Slide 21 – Soft Story
Here is an example of a potentially soft story condition.  Notice the taller first story and the relatively shorter story heights above.  Until the buildings are evaluated, it is difficult to determine if the structural engineer properly considered the differing story heights in the design of the building for earthquake loading.
Note to Instructor
The instructor should use a laser pointer to identify the buildings to illustrate the differing story heights of the first story and upper stories.
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Building Adjacency (Pounding)

Presenter
Presentation Notes
Slide 22 – Pounding
Hospitals are continually adding new wings and additions to the existing hospital structure. Naturally, the hospital becomes infinitely more usable if staff and patients can transition seamlessly between the old and new sections of the hospital.   However, if the proper attention has not been given to the differing building structures and thus differing response or displacement behavior, the closely located buildings can impact or pound against each other causing localized damage to both buildings.  A properly designed expansion joint is required between the buildings to allow each to displace and yet not impact its neighbor.  
Another greater problem is if the floors do not align.  Greater damage can occur.  In hospitals where the floors need to align, this is less of a problem.  This condition of non-aligned floors is shown in the illustration above.
Note to Instructor
The instructor should use a laser pointer to identify the area of building pounding.
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Building Pounding

Presenter
Presentation Notes
Slide 23 – Pounding
Additional example of a major hospital complex with numerous additions that have occurred over the years.  
Note to Instructor
The instructor should use a laser pointer to identify the differing building structures and there close proximity to each other potentially leading to building pounding during an earthquake.
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Building Differential Displacement

Presenter
Presentation Notes
Slide 24 – Building Displacements
We have already learned how buildings respond to earthquakes and how different building structure types displace during earthquake excitation.  Sky towers or pedestrian bridges that connect buildings need to be designed to absorb the different displacements of the two connected buildings, or possible collapse of the bridge will occur.  This example shows a pedestrian bridge between two differing height building structures.  
Note to Instructor
The instructor should use a laser pointer to identify the pedestrian bridge. 
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Building Damage

Presenter
Presentation Notes
Slide 25 – Building Damage
Let’s take a look at some examples of building damage that occurred as a result of earthquake response. 
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Unreinforced Masonry Building Damage

Presenter
Presentation Notes
Slide 26 – Unreinforced Masonry Buildings
One of the most vulnerable building types is unreinforced masonry buildings.  Outside of California, there is an extensive amount of this type of building stock.  
Note where the damage is located in these examples.  The damage is at the top of the building.  Recall what we stated earlier that the response of the building is greater at the top than the bottom.  This is why damage is greater at the top of the building than the bottom.  The upper parapets usually fail, which then compromises the roof-to-wall connections, causing the upper portion of the masonry walls to fail in an out-of-plane response mode.
Note to Instructor
The instructor should use a laser pointer to identify the damaged areas as the discussion progresses.
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Unreinforced Masonry Damage

Presenter
Presentation Notes
Slide 27 – Unreinforced Masonry Buildings
Additional masonry building damage.  The left photo shows classic out-of-plane wall failure at the top of the building.  The right photo shows in-plane shear failure of the masonry walls.  This is the classic shear wall X-cracking pattern.  Notice this damage occurred between the wall openings.  The performance of these short walls (between openings) is important because shear forces are transmitted from the floors above thru these shorter walls.  If not properly designed, the walls will fail with damage patterns as shown in this example.
Note to Instructor
The instructor should use a laser pointer to identify the damaged areas as the discussion progresses.




Slide 28Earthquake Mitigation for Hospitals: Workshop

Concrete Frame Building Damage

Typical “X” cracking 
patterns

Presenter
Presentation Notes
Slide 28 – Concrete Frame Buildings
Concrete buildings can exhibit damage similar to that shown in the previous slide, if not properly designed.  Shown here are columns that exhibit shear “X” cracking damage.  Sometimes, architectural spandrel beams inserted between the columns can change the dynamic response of the building from how it was designed, causing the type of damage shown in this example. 
Note to Instructor
The instructor should use a laser pointer to identify the damaged areas as the discussion progresses.
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Concrete Frame Building Damage

Presenter
Presentation Notes
Slide 29 – Concrete Frame Buildings
Another example of concrete shear failure in the building columns.  Note in this example how there are more window openings on the floor where the damage is shown than the other floors.  These damaged piers are smaller, thus, were not able to transmit the seismic forces from the upper sections of the building through this floor level. 
Note to Instructor
The instructor should use a laser pointer to identify the damaged areas as the discussion progresses.
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Concrete Frame Building Damage

Presenter
Presentation Notes
Slide 30 – Concrete Frame Buildings
This example shows the Kaiser Permanente Building after the Northridge Earthquake in 1994.  X-cracking is clearly visible at the 2nd and 3rd floors as well as a definite shortening of the building columns at both floors.  The 2nd floor is close to collapse. 
Note to Instructor
The instructor should use a laser pointer to identify the damaged areas as the discussion progresses.
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Concrete Frame – Olive View Hospital

Presenter
Presentation Notes
Slide 31 – Concrete Frame Buildings
Here is the Olive View Hospital after the 1971 San Fernando Earthquake. The canopy over the emergency response vehicles collapsed (in foreground of photograph).  Behind the collapsed parking structure is a collapsed 1-story portion of the hospital located between the collapsed parking structure and the tower.  The concrete columns in the soft first story of the tower were also extensively damaged, exhibiting “X” cracking behavior and extensive spalling of concrete.  As previously illustrated, the stairwell on the side of the tower building completely rotated and collapsed away from the tower (the base of the stair tower is shown on the right of the photo). 
Note to Instructor
The instructor should use a laser pointer to identify the damaged areas as the discussion progresses.
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Steel Frame Building Damage

Presenter
Presentation Notes
Slide 32 – Steel Frame Buildings
A type of building damage that occurred during the 1994 Northridge Earthquake was to steel moment frame structures.  Remember that these types of buildings resist the lateral earthquake loads through the stiffness or rigidity of the beam to column connections.  A failure that occurred was cracks in the welds of the beam-to-column connections, as shown here.  Cracks also propagated into the column web.  This was unknown behavior up to this point by the structural engineering community.  Up to this time, this type of building structure was believed to be a highly resistant type of structure.  In fact, in some ways it still is, as there were no building collapses due to this type of damage.  However, such damage is difficult to identify as the architectural finishes have to be removed and fire proofing removed before the damage can be seen.  
Note to Instructor
The instructor should use a laser pointer to identify the damaged areas as the discussion progresses.
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Steel Frame Building Damage

Presenter
Presentation Notes
Slide 33 – Steel Braced Frame Buildings
Remember earlier we discussed ductility in building response.  These examples illustrate good ductility in the braced frame braces.  The braces have buckled and the building has deflected, but it has not collapsed.  This allows people to evacuate the building safely after the earthquake shaking has stopped.
Please, if you do experience a moderate or larger earthquake and there is visible damage to a building, remember, what occurs following a major earthquake?  Aftershocks.  So, even though this building has performed in a ductile manner, it does not mean it would safely withstand an aftershock.  These gentleman also are not even wearing hardhats, besides being inside the building.  
Note to Instructor
The instructor should use a laser pointer to identify the damaged areas as the discussion progresses.
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Precast Concrete Frame Damage

Presenter
Presentation Notes
Slide 34 – Pre-cast Concrete Frame Buildings
Precast concrete frame buildings are another vulnerable building type.  These types of buildings have their individual beams and columns manufactured in a factory and then shipped to the site and erected.  Not to unlike a house of cards.  The problem is not with the members themselves, but with the connections between the members.  If the connections are not designed with sufficient capacity to transfer the seismic forces, then failures can occur.  In fact, this is where the failures typically occur and the failures are catastrophic as shown in this example.  This was actually a newly constructed garage that did not do so well during the Northridge Earthquake.  
Note to Instructor
The instructor should use a laser pointer to identify the damaged areas as the discussion progresses.
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Building Pounding Damage

Presenter
Presentation Notes
Slide 35 – Building Pounding
Here are two examples of adjacency damage or building pounding. This type of damage tends to be localized, but never-the-less can be significant.  The building would likely be red-tagged (that is, posted with an UNSAFE red placard) and re-occupancy would not be allowed until strengthening measures were implemented.
Note to Instructor
The instructor should use a laser pointer to identify the damaged areas as the discussion progresses.
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Building Damage 
can be Subtle

Presenter
Presentation Notes
Slide 36 – Subtle Building Damage
Building damage can be subtle after an earthquake.  Note in this example how the building is displaced slightly to the right.  Site along the vertical face in relation with the light pole and notice the small deflection or leaning of the building.  This is a condition that should be evaluated by a structural engineer prior to re-occupancy.
Note to Instructor
The instructor should use a laser pointer to identify the damaged areas as the discussion progresses.




Slide 37Earthquake Mitigation for Hospitals: Workshop

Generalized Building Structure 
Earthquake Performance

Presenter
Presentation Notes
Slide 37 – Building Relative Performance
This slide presents a generalized ranking of stiff vs. flexible structures and their relative damage vulnerability for older, existing structures.  Notice we have unreinforced masonry (URM) infill and concrete precast frame buildings at the top.  Near the bottom are steel moment resisting and braced frame buildings, which typically exhibit good performance, even if they have not been designed specifically for earthquake loads.  
Notice where typical wood-frame home construction lies – at the bottom.  With few exceptions, our wood frame homes will tend to behave well in an earthquake.  It’s not to say there will not be any damage, but they should not collapse allowing safe egress from the building.
Note to Instructor
The instructor should use a laser pointer to identify the building types as the discussion progresses.
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Implications of Building Response on 
Nonstructural Component Performance

• Nonstructural Performance Dependent upon:
o Level of ground shaking
o Response of the building structure
o Flexibility or stiffness of the building structure
o Seismic design and detailing of nonstructural 

components, equipment, & systems; e.g., 
are the seismic restraints compatible with 
expected building response – stiff or flexible 
building structure?

Presenter
Presentation Notes
Slide 38 – Nonstructural Performance
As a lead in to the next section, it is important to note that the performance of nonstructural components is dependent upon the level of ground shaking, and the response of the building structure.  Flexible buildings deflect more than stiff shear wall buildings, and thus, will require the nonstructural components to be designed for higher forces if located higher up in the building structure.  Designing and detailing nonstructural components is critical if good earthquake performance is expected.  We will discuss this further in the next section.
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PLAY SHAKE TABLE VIDEO

Presenter
Presentation Notes
Slide 39– Shake Table Video
How many of you have experienced an actual earthquake?  This video shows the shake table test of a 7-story concrete frame/shear wall building conducted several years ago at the Dai-Dai-Toku Kobe laboratory in Japan. The Dai-Dai-Toku Kobe laboratory was established as a core research site to support "the special project for earthquake disaster mitigation in urban areas".  The laboratory includes a reconfigurable platform for tests as well as platforms for test observations. 
The shake table test was conducted using ground motions recorded during the 1995 Kobe earthquake.  The test shows how the different elements of the building respond to earthquake shaking.  It also includes several clips of nonstructural components – couch, table and chairs, hutch, and bookcase – to give you a good idea of how much movement occurs during an earthquake.
Note to Instructor
The shake-table videos can be accessed and down-loaded at the following link:  http://www.bosai.go.jp/hyogo/ehyogo/movie.html
The video discussed above is labeled “Test of 6-story R/C Building (01/2006).”
The instructor should use a laser pointer to identify the damaged areas of the building as the video loops through different camera angles and areas of the building.  Items to discuss include:
Nonstructural spandrel panel, which changes the response of the building, inducing shear cracking in the building columns; note how the exterior corner column does not experience as much damage as an interior column.
Shear wall cracking.  
Nonstructural component movement and damage.
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