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Purpose Statement of Document 

This document is to provide non-engineering professionals general background knowledge on 

screening for seismically best available structures for lease or purchase. The information 

identifies building characteristics to avoid, if possible, in the local building stock. Unless explicitly 

stated, the characteristics described are not intended to be binary, such that a building is all bad 

or all good; the information here is to provide a range of positive and negative attributes to the 

overall building quality. Buildings can certainly have some of the undesirable features listed 

without being high-risk structures. Nonetheless, where reasonable to do so, buildings with 

undesirable features should be avoided.  Recommendations to avoiding undesirable features are 

provided throughout this document. 

 

Seismic evaluations can vary in level of detail, as follows: 

1. Non-engineer; basic qualitative screening: Intent is to try and screen out buildings with 

major vulnerabilities or negative aspects that could possibly negatively impact a 

building’s seismic performance. 

2. Engineer; survey/screening-level assessment: Depending on available documentation, 

resources (manpower, available time and funds) and/or access to the building, can be; 

a. Strictly qualitative and heavily based on engineering judgment but founded on 

extensive design experience in earthquake engineering. Not intended to provide 

an indication of code compliance, but rather anticipated level of performance 

during a large future earthquake. 

b. A mix of qualitative and quantitative. A systematic review based on criteria 

outlined in checklists assembled from industry experience and observations of 

building seismic performance in past earthquakes, with very limited calculations. 

Not intended to provide an indication of code compliance, but rather an 

indication of level of performance. 

3. Engineer; Detailed evaluation:  Requires extensive knowledge of the building either 

considering available as-built design documentation (e.g. drawings, calculations, etc.) or 

through building investigation and material sampling. Depth of evaluation and building 

assessment is dependent on final goal (e.g. conceptual designs, or full issued for 

construction documents). Can be used to refine the engineering survey/screening-level 

assessment, or to provide designs that bring buildings up to a level of code compliance. 

 

The intent of this document is the basic non-engineer qualitative first pass seismic-only 

screening.  Buildings being seriously considered for acquisition should be further vetted by 

OBO structural engineers for seismic adequacy. 

In addition, the information contained herein does not presume to provide information relative 

to general structural condition assessment, or suitability review for proposed OBO-specific space 

use such as for example, room/floor-specific occupancy live loading.  It is strongly 

recommended that buildings whose existing overall use would be changed to accommodate 
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OBO's use following acquisition be avoided (e.g. a residence purchased with the intended use as 

an office) as this can require adherence to new building codes and costly upgrades. 

Seismic Zones & Applicability 

The Climate, Security & Resiliency Program (CS&R) uses seismic zones to categorize the “seismic 

threat” at a particular post location in non-technical terms - Zone 4, 3, 2B, 2A, 1 and 0; with the 

highest threat being Zone 4, then Zone 3 and so on. Seismic considerations (discussed in this 

document) should be considered for property search efforts in Seismic Zones 4, 3, & 2B 

locations.  This is NOT intended to suggest that earthquakes can’t occur at posts in Zones 2A, 1, 

and 0, nor that seismic design requirements wouldn’t be required in new projects or existing 

buildings in these zones.  Rather that CS&R’s current focus is on tracking and documenting 

seismic risk throughout building inventories of posts in Zones 4, 3, and 2B to bolster seismic risk 

management at the onset of acquisitions in these regions of high to very high seismicity.  For 

questions regarding new project structural requirements (e.g. including lease fit outs) or 

more in-depth evaluation, please contact the OBO structural engineer assigned to the subject 

post.  OBO structural engineers work hand-in-hand with CS&R. 

Reference Material 

The following documents, all of which were referenced for creation of this document, are 

excellent reference materials for deeper expansion on the topics provided in herein. 

• P-154: Rapid Visual Screening of Potential Seismic Hazards: A Handbook produced by 

the Federal Emergency Management Administration (FEMA) 

• Homebuilders’ Guide to Earthquake Resistant Design and Construction produced by 

Federal Emergency Management Administration (FEMA) 

• FEMA 454:  Designing for Earthquakes; A Manual for Architects (FEMA). 

• Confined Masonry Network 

https://confinedmasonry.org/  

• OBO’s Climate Security & Resilience Acquisition guidance  

https://usdos.sharepoint.com/sites/OBO/PDCS/de/Pages/AcquisitionGuidance.aspx 

(Accessible via GO Virtual/OpenNet Only) 

• Various Climate Security & Resilience Program seismic survey reports 

Note: These are reports generated by OBO’s Climate Security & Resilience Program and its 

engineers for qualitatively assessing seismic vulnerability of large numbers of buildings in a given 

post’s building inventory.  If available, these reports each have a housing guidance section tailored 

to the specific post, with information supplemental to what is contained herein, and within the 

above references.  Such post-specific information may provide better insight on attributes such as 

desirable building vintage (e.g. best dates of construction to seek), building types typically at lower 
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risk than others, and  geographic boundaries within a city to avoid based on geologic conditions and 

negative impacts from ground shaking. 

Building Age/Condition Identification 

Building age can typically be tied to the seismic safety of the structure.  Newer structures built 

by reputable developers and designed by qualified structural engineers to recent codes and 

latest local understanding of earthquake engineering have an increased likelihood of better 

performance during an earthquake than older buildings. Newer buildings are typically 

constructed using more earthquake resistant code details and have stronger materials. Below 

are some elements of modern buildings that provide a higher seismic safety. 

• Lighter Structures = Less Seismic Load 

• Addition of ductile steel reinforcement bars 

• More defined load paths 

• Designed to better understood seismic loads 

The general condition of the building can also be an important aspect of its performance in a 

large earthquake.  For instance, if two buildings were being compared that were similar in many 

ways, the building having poorer construction or condition would likely perform more poorly in 

an earthquake. Although buildings constructed using poor practices and materials are 

sometimes difficult to detect, signs of deterioration or distress such as spalling or delaminating 

concrete or stucco, significant cracking in concrete or masonry, wood dry rot or water damage, 

or sloping floors are often identifiable. Spalling or delaminating concrete or stucco will expose 

the underlying concrete, masonry, or reinforcement, or masonry and allow water or moisture 

intrusion. Although concrete and masonry often have minor cracks which may not be of 

structural significance, substantial cracks in concrete columns, beams, or floors can be of 

significance as can extensive cracks in masonry infill, particularly those that run through the 

masonry units and not just the mortar. Assessment of structural significance of cracking is best 

left to a structural engineer. Sloping floors can be indicative of poor soil and/or inadequate 

foundations. 

Recommendation:  Seek out buildings designed to the latest versions of locally adopted codes 

and that appear to be in good condition. 

Building Type Identification 

Typical US-Based Building Types 
See Table 1 for typical US building types, as defined by FEMA. Identifying the building type can 

provide a baseline understanding of the building susceptibility to seismic events, detailing 

requirements and sometimes age of the structure.  Not all of the possible construction materials 

are present at all posts; in-house OBO engineers, along with reference to past seismic survey 
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reports may aid in identifying predominant type of construction at a given post.  Though 

building type may not be easily identified during basic qualitative screening by non-engineers, it 

is provided here for reference. 

 

Table 1:  FEMA Building Types 

Each of the building types behaves differently in a seismic event, some are more rigid and some 

more flexible. The end goal for a well-designed structure is to dissipate the imposed seismic 

loading without allowing elements to fail, causing partial or total collapse of the structure 

(protecting occupants).  Due to the lack of ductility/resilience of the below building types, they 

should be avoided when possible, especially unreinforced masonry bearing wall buildings 

(URM). 

• Unreinforced Masonry Buildings (URM) 

• Steel Moment-Frame Structures (S1) 

• Steel Frame w/ URM Infill Walls (S5) 

• Precast Structures (PC1 & PC2) 

• Manufactured Housing (MH) 

Recommendation:  Avoid unreinforced masonry bearing wall buildings, as well as the others 

identified above (especially where appropriate seismic detailing cannot be confirmed). 
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Unreinforced Masonry Buildings 

Unreinforced masonry bearing wall buildings resist gravity and lateral forces using unreinforced 

masonry (no concrete vertical elements), and generally experience very poor performance 

during earthquake. These buildings often suffer significant damage due to the weakness of the 

material and have walls that are susceptible to developing large cracks or falling out of plane 

(perpendicularly to their surface); failures of such walls can lead to partial or total collapse of the 

building.  In addition, some unreinforced masonry buildings are constructed with precast 

concrete floors and/or foundations; lack of connection between these precast pieces allows 

them to dislodge and fail when shaken by an earthquake.  The following are some methods of 

identifying unreinforced masonry buildings: 

• Age of construction - Residential buildings more than 50 years old are more likely to be 

constructed with unreinforced masonry. 

• Window openings - Walls with relatively small window openings are more likely to be 

constructed with unreinforced masonry (ref: Figure 1) 

• Wall thickness - Unreinforced masonry walls are typically more than 25 cm thick. 

• Existing cracking - Unreinforced masonry walls that have experienced cracking due to 

settlement or prior earthquake damage, will have cracks that follow a stair-step pattern 

(ref: Figure 2) 

• Crawl space or attic access - If access to the crawl space under the house is available or 

in the attic (or in unfinished closets, garages, or basements), the walls are less likely to be 

finished with plaster, and it may be possible to determine the building's construction 

type (ref: Figure 2). 

• Structural Engineer - An experienced structural engineer can be engaged and may be 

able to identify the building construction type using testing, examination, and 

experience. 

Figure 1 provides some additional examples of how to identify URM buildings. 
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Figure 1: Examples of Unreinforced Masonry Construction 

 

 

Header course: Brick long 

dimension is perpendicular 

to face of wall and rests 

across a double brick wall 

above/below 

Stretcher course: Brick long 

dimension is parallel to face of 

wall.  Exterior walls can be two 

or more bricks (wythes) thick.  

Interior partition walls may only 

be one wythe. 

Note: There are no 

concrete columns or walls. 
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(a) 

 

 

View of single-family house attic space showing 

bare unreinforced masonry walls, with wood floor 

and roof.  Would be better in this case to have 

concrete floor and/or roof. 

(b) 

Figure 2: (a) URM Step cracking, (b) Attic Space in URM house with wood roof/diaphragm 

Where unreinforced masonry walls are unavoidable anywhere in a building (e.g. interior 

partitions or exterior walls), those with the lowest possible height-to-thickness ratio are most 

desirable to help avoid out-of-plane wall instability during an earthquake.  Figure 3 shows 

reference height and thickness dimensions of an unreinforced masonry wall along with a table 

that identifies typical desirable upper bound height-to-thickness ratios. 

 

 

 

 

Typical max desirable h/t values 

Zone 2B Zones 3 & 4  

14-16 9-13 

 

Figure 3: Typical Ranges of URM Wall Height-to-Thickness  
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Confined Masonry Buildings 

A typical building type throughout the world, not typically seen in the United States, is a 

Confined Masonry (CM) structure. These buildings are typically comprised of concrete slabs, 

concrete tie-columns, and masonry brick/block walls formed tight in-between the tie-columns 

and tie-beams. See Figure 4 for a diagram of a typical CM building system. 

 

Figure 4: Confined Masonry Explained (Confined Masonry Network) 

An important thing to remember for the confined masonry system, is that the masonry walls are 

constructed first, and then the reinforced concrete tie-columns and tie-beams (which may or 

may not be explicitly designed for gravity and lateral forces) are then poured, creating a 
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composite system.  Figure 5 better illustrates this concept.  This differs from unreinforced 

masonry bearing wall buildings where there are no vertical concrete elements.  Unreinforced 

masonry bearing walls will have less seismic resiliency due to the lack of confined composite 

concrete-brick action. 

 

 

(a) 

 

(b) 

Figure 5: (a) Confined Masonry Construction Sequencing, (b) Confined Masonry Example 
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A slight variation of the confined masonry system is the concrete frame (columns and beams) 

with masonry infilled.  In this system, the columns, beams and slabs are constructed first, and 

then the walls between the columns and beams is infilled masonry; this sequence may result in 

gaps at the sides and top where the masonry interfaces with the concrete.  The difference is 

illustrated in Figure 6.  For single family houses, the walls may either be directly or indirectly 

relied on for lateral resistance.  As infill walls may have gaps between the masonry and 

surrounding frame, however, the walls wouldn’t be engaged until after the frame is loaded, 

deforms, and impacts the masonry.  Being that confined masonry walls are more composite and 

integral with the frame; confined masonry buildings have performed better in large earthquakes 

across the developing world than infill masonry buildings. 

 

Figure 6: Confined Masonry vs. Infilled Masonry Construction (Confined Masonry Network) 

Recommendation:  All other building characteristics and design norms being equal, confined 

masonry would be preferred over infill masonry systems for single-family houses.  The exception 

would be if the frame sizes appear to be sized as if they were designed and detailed explicitly for 

earthquake forces, and the infill masonry walls-to-concrete interfaces were appropriately 

detailed. 

Being a very typical construction method around the world (predominately WHA, SCA, NEA), 

leasing or purchasing of masonry buildings will likely occur. The important thing to observe for 

these structure prior to lease/purchase is that, to the extent possible, they have a regular shape 

(ideally square or rectangle plan shape w/less than 2:1 size ratio), adhere to the height-to-

thickness ratios,  and they limit the number of other “irregularities” and undesirable features, as 

identified throughout the rest of this document. Regardless of the building type, the goal of 

basic screening should always seek to limit the number of other “irregularities” and undesirable 

features identified throughout the rest of this document.  Function over form should be 

emphasized, i.e. if it looks Architecturally “interesting”, chances are it is not ideal structurally.   

Recommendation:  Screening should always seek to identify regular structures without 

architecturally “interesting” features by limiting the number of other “irregularities” and 

undesirable features identified throughout the rest of this document 
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Review of the structural drawings is the most accurate method of determining the building type 

as structure is often covered by architectural finishes such as, for example, plaster.  This can 

make it even difficult for structural engineers to identify the building structural type.  

Accordingly, preference should be given to buildings where drawings (particularly structural) can 

be obtained for further review and assessment.  Original design calculations, when available, are 

also very helpful for further assessment. 

NOTE: Mid-rise and high-rise construction (greater than 5 stories) can be difficult to evaluate for 

seismic vulnerabilities due to the structural framing being less visible and due to significant 

complexities in the design. Therefore, review of the structural drawings by structural engineers is 

critical to a proper evaluation. 

Recommendation:  Preference should be given to buildings where structural drawings and 

calculations are available. 

Geologic Hazards 
Geologic hazards (or landslides) pose a significant concern and threat to life safety in high 

seismic zones. During an earthquake, large slopes of soil can become unstable, collapse and 

flow downhill (if not well supported by retaining walls). This flowing soil can affect structures by 

either washing out soil that supports the building or crashing into the structure from up the hill.  

If a hill looks too steep, it is too steep. Figure 7 illustrates building-to-slope proximity. 

 

Figure 7: Building to Slope Proximity Illustration 

It is highly recommended to avoid structures located on or within 25 feet (7.5 meters) to a slope 

greater than 1-vertical to 2-horizontal and buildings located within 100 feet (30 meters) of large 

hills or slopes. It is difficult and costly to analyze slope stability issues; for this reason, seismic 

risk ratings for structures close to large slopes can be lowered.  If retaining walls are in place to 

support the soil, it should be confirmed that they were engineered, and should be inspected for 

leaning/cracking. See Figure 8 for an example of failed retaining wall and slope failure, adjacent 

to a structure. 
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Figure 8: Slope Failure 

Recommendation:  Avoid structures located on or within 7.5 m to a slope greater than 1-vertical 

to 2-horizontal and buildings located within 30 meters of large hills or slopes. 

In addition, it is recommended to avoid buildings located on waterfront property with sandy soil 

given potential for soil destabilization. Sandy soil sites, particularly those located near a body of 

water, are susceptible to liquefaction, which causes a loss of strength of the soil during 

earthquake shaking.  If a geotechnical evaluation was not performed to rule this out, or if 

mitigation measures weren’t implemented, this can lead to partial or total collapse of the 

building. 

Recommendation:  Avoid structures located on waterfront property with sandy soil. 

Building Adjacency (“Pounding”) 
When looking for a building, it is important to observe the surround structures. In an 

earthquake, it is possible that an adjacent building could cause damage and pose a higher life 

safety risk then the subject property. 

Ideally, the subject structure will be separated from adjacent buildings using the rule of thumb 

identified in Figure 9. When there is insufficient separation, it is preferable to at least have the 

floor levels align (as shown between the left two structures), rather than not (rightmost 

building); where there is a potential for buildings to pound against one another, unaligned 

floors can damage columns and other load being elements (ref: Figure 10). 
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Select buildings with sufficient gap (>5% of height) with adjacent similar sized structures 

Figure 9: Guidance on Gaps between Adjacent Buildings 

Recommendation:  Avoid structures having gaps between adjacent structures of <5% of the 

building height and seek out structures where closely adjacent building floods align with its 

floors. 

 

 

Figure 10: Damage from Pounding 
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It is also important to note any significant height differences in adjacent buildings. Buildings 

with taller structures (e.g. more than one-story taller than the subject building) on either side 

should be avoided due to the potential for collapse and crushing from the taller structures. If the 

situation is unavoidable, the taller structures should be reviewed for construction quality and 

potential seismic defects.  Reference Figure 11. 

 

(a) 

 

(b) 

Figure 11: (a) Avoidance of Tall Adjacent Structures, and (b) Example 

Recommendation:  Avoid structures where there are taller adjacent structures of unknown 

seismic suitability. 
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Building Irregularities 
The term “Irregularities”, when discussing seismic performance of a building, is used to describe 

design and layout characteristics of a building that may cause decreased seismic performance 

and elevates the life safety risk. The more sever the irregularity, the high risk of damage during 

an earthquake and thus risk to building occupants.  

Vertical Irregularities 
Table 2 shows typical vertical irregularities that one may encounter. The vertical irregularities 

should be studied to help better identify field conditions that may present elevated seismic risks.   

Table 2: Vertical Irregularity Configurations
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Soft or Weak Story Irregularities  

Soft and weak story irregularities (as identified in Table 2 above) are common occurrences 

throughout the world. Typically, the ground floor is used for storefront or garage space, leading 

to larger openings and a weaker ground story to resist seismic loads.  See Figure 12. 

Recommendation:  Avoid structures with signs of a dramatic soft or weak story conditions.  

 

 

Figure 12: Examples of Potential Soft or Weak Stories 

Building Setbacks and Discontinuous Walls 

Building setbacks and shifts or discontinuity of walls at lower levels can cause force 

concentrations. If not properly designed for (either in terms of force design, or isolation joints), 

(1) setbacks tend to cause force concentrations where various mass of the buildings move 

differently during an earthquake and (2) transfer of forces at discontinuous walls can overload 

transfer elements. See Figure 13 for examples of typical setback configurations. 
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Recommendation:  Avoid structures with significant setbacks where isolation joints cannot be 

identified at the transition (Figure 13a), and where there is a termination/discontinuation of walls 

above (Figure 13b). 

 

(a) 

 

(b) 

Figure 13: (a) Building Setback (b) Discontinuous Wall Supported by Cantilever 
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Plan Irregularities 
Plan shape is an important consideration when identifying seismically safe structures. Although 

plan irregularities can be present in all building types, the primary concerns are where the 

occurrence of irregular plan shapes cause either an unbalanced, twisting (torsional) response of 

the building or a significant difference in lateral displacement between various wings or building 

projections (ref: Figure 14). Irregularly shaped sections of a building can cause an amplification 

of forces in some parts of the structure.  Structures with large corners such as T-shaped or U-

shaped buildings will see elevated concentrated loads occur at those corners. If not properly 

designed and detailed, these peak loads can “unzip” the corner, and crack the walls and slab.  

 

Figure 14: Irregular Plan Shapes to Avoid 

Table 3 highlights some additional plan irregularity information. The plan irregularity 

information should be studied and utilized to help better identify field conditions that may 

present elevated seismic risks.   
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Table 3:  Typical Plan Irregularities 

 

Recommendation:  Select buildings having simple plan shapes without significant architectural 

features or plan irregularities such as large cantilever balconies, large floor and roof openings, 

atriums, and canopies – unless designed by a qualified structural engineer.  Consider the 

following example: 

 

Figure 15: Undesirable Building Shape (Left) vs Desirable Shape (Right) 
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Non-Structural Hazards 
Life safety and economic concerns can still occur even if the main structural load carrying 

elements are seismically sound. In fact, many injuries and damage costs occur from elements 

defined as “non-structural” damage or threats. 

Some typical architectural features of a building that can be hazardous during an earthquake, 

particularly when located over points of egress, are described below. 

• tall, heavy parapets (Figure 17a) 

• Gable end walls (Figure 17b) 

• Unanchored clay tile roofs (Figure 18a) 

• partial-height partition walls (that don’t extend floor-to-floor) 

• poorly detailed interior and exterior masonry veneer (Figure 18b) 

• tall, slender chimneys 

• Heavy, unanchored roof-mounted water tanks (Figure 18c) 

• Adjacent unstable nonstructural elements (Figure 18d) 

• exterior gas lines supported by structures (such as property perimeter privacy walls) at 

risk for seismic damage 

 

Recommendation:  Avoid buildings with the above elements, particularly when they occur over 

egress or gathering points. 

 

Other types of components that can be hazardous, but can be braced or mitigated more simply 

include: 

• exterior air conditioning units 

• unbraced water heaters 

• emergency generators and their fuel tanks 
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Parapets (left) at the roof level (unless structurally braced), or at balconies can dislodge during 

shaking falling outward and be a hazard to people below. Light railings with metal guardrails (right) 

are preferred, provided they are in good condition and can adequately resist loads from people 

leaning on them. 

(a) 

 

 
(b) 

Figure 17: Nonstructural Components (a) Parapets, (b) Gable End Walls (Shaded in Red) 
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(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 18: Nonstructural Components (a) Unanchored/Dislodged Clay Roof Tiles, (b) Poorly 

Anchored/Dislodged Brick Veneer, (c) Unbraced Roof Tank, and (d) Heavy Masonry Fence Leaning 

Due to Earthquake Shaking 
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Example Pro & Con Situations 
Discontinuous Walls and Soft Story 

Pro       Con 

   

 

Plan Shape 

Pro      Con 
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Wall Distribution (to avoid torsion, and equal resistance in both orthogonal directions) 

Pro             Con 

     

 

 

Pro      Con 
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Pro      Con 

 

 

 

 

 

Typical wall lengths between 

openings more than 2m.  

Many openings with wall lengths 

in between less than 2m. 


