
Report from the 2016 Oklahoma 
Commercial Real Estate Forum™ - Earthquakes

On September 21, 2016 the Central Oklahoma Commercial Association of REALTORS® (COCAR™) presented their 
annual Oklahoma Commercial Real Estate ForumTM; this year’s topic was Earthquakes.  At the Forum, an interdisciplinary
group of experts assembled to discuss how earthquakes impact Oklahoma’s real estate business.   

The Forum is an annual fall event presented by COCAR's Advocacy / Government Affairs Committee and examines a 
single topic of concern to the commercial real estate industry.  The general format of the Forum is to, before lunch; bring in 
an interdisciplinary group of industry experts to discuss various aspects of the topic.  During lunch the attendees are 
encouraged to have Out-of-the-Box table discussions and identify questions for the presenters.  After lunch, the presenters 
participate in a panel discussion, answer audience questions, and make recommendations.  This document is the Report of 
the Forum, with supplemental materials.  The 2017 Forum topic will be “Municipal Funding”.

Professional Continuing Education credit for the 2016 Forum was approved by the Oklahoma Real Estate Commission, the 
Oklahoma Bar Association, and the Oklahoma Department of Insurance.  

Summary of the 2016 Earthquake Forum
The 2016 Forum: Earthquake was divided into four sections, with a
principal speaker for the first three sections, and a moderator for the
fourth.  This report describes conversations of first three speakers
and a conclusion section describing what might happen from here in
the moderated section. This introductory part of the paper is a
summary of what we learned.  The documentation follows.  Many of
the images in the report are supplemental to the Forum presentation
and referenced. The basic questions of the Form include:

What is causing the Increased Frequency of Earthquakes in Oklahoma?

Traditionally, there are several reasons for earthmovments or earthquakes including the general movement of the earth's 
primary tectonic plates resulting from naturally occurring forces.  Other reasons include exploration and production of 
water, oil and/or natural gas.  Oklahoma has hundreds of faults, most of which have been historically inactive.  

In Oklahoma, over the past decade, about 90% of Oklahoma’s earthquakes have occurred in the 14 county area of north-
central Oklahoma (extending from The Osage to Woodward) that encompasses the Arbuckle Formation, an under-pressure 
formation that is beneath all other oil-producing formations; the water-heavy Mississippi Lime generally lies on top of the 
Arbuckle. It is not clear why the Arbuckle Formation is under-pressure or where the wastewater (about the volume of Lake 
Thunderbird, annually) injected into the Arbuckle goes… but it is clear that at times sections of the Arbuckle become 
saturated.  As evidence, the water level rose in monitoring wells near the 5.8 September Pawnee earthquake, and then fell 
back to normal levels after the earthquake. While data spotty, it appears that about ½ of the oil and gas production waste 
water produced in Oklahoma is injected in the Arbuckle Formation; plus significant amounts (2.4 million barrels in 2015) 
from surrounding states.  Water has been injected into this formation for at least 60 years without problem.   
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It appears that these earthquakes in the Arbuckle Formation are a new type of earthquake.  According to Dr. Jeremy Boak, 
Director of the Oklahoma Geological Survey, it is fairly settled science that the majority of recent earthquakes in 
Oklahoma’s Arbuckle Formation are manmade and caused by the over-saturation of the formation by injecting waste-water 
from oil and gas production activities.  During these times of saturation, the ancient layers within the Arbuckle, in effect, 
start floating. When these sections of the Arbuckle start floating, they start moving and this movement causes earthquakes 
along fault lines; some faults were previously unknown.      

Update: In December 2016, a report was issued by the Oklahoma Geological Survey linking fracking to earthquakes in 
Oklahoma’s two popular and fast-growing oil plays, the STACK and the SCOOP. These areas of interest product relatively 
limited amounts of water, when compared to those in the Arbuckle Formation.   The Oklahoma Corporation Commission 
issued orders that will limit drilling in STACK And SCOOP areas if an earthquake occurs in those areas of interest.  Also in
December 2016 the EPA released its final version of its report on the potential impacts of hyfrolic fracturing on water 
sources;  The report concluded that while errors in drilling, completion and operation could impact local water supplies, 
there were other avoidable conditions that are more likely to cause problems.  [References in the POST OCCURSUM 
Reference Section]

Do Building Codes need to be Changed to Accommodate this Increased Frequency 
of Earthquakes?  

A primary generic purpose of building codes is to protect life, not to prevent damage to the building.  However, building 
codes also recognize that depending on the use of the building, there are levels of protection for structures that, based on a 
buildings location and soil conditions, will dictate methods of construction that will determine a building's ability to 
withstand a given earthquake.  At its most elementary level, for a given magnitude of earthquake, building codes are 
designed to construct buildings with sufficient “run time” – i.e, to provide occupants sufficient time to exit the building 
before it collapses.  It is also recognized that if a building is designed to be occupied by a number of people (more than 300)
the building will need to be made of studier materials to allow additional time to exit the building.  Additionally, there will 
be buildings, such as hospital, police, or fire, which will need to be constructed to maintain their operation and functionality
after the earthquake.  

The primary destructive forces on a building during an earthquake are lateral forces at the base of the building cause by the 
building trying to keep up with the earth's movement. Fundamentally, for a safer building, the objective is to make the 
building stiffer – which can be accomplished by adding bracing and anchors to elements of the structure.  A monolithic 
foundation with elements anchored to the foundation is also recommended to prevent the structure from sliding in relation 
to its foundation.  There are simple construction methods, which may add $1 to $2 per square foot to the cost of the building
that will greatly improve a building's survivability during an earthquake.    

Dr. Christopher Ramseyer, Director of OU’s Fears Engineering Laboratory, noted that earthquakes and tornados tend to 
have the same lateral forces on a building – earthquake forces focus at the based and tornado forces focus at the top.  Dr. 
Ramseyer recent helped rewrite the City of Moore's building code to addressed EF2 tornadoes (up to 135 MPH winds, 
previous code would account for 90 MPH winds).  It was suggested that a building code handling EF2 tornadoes would also
be sufficient to handle most of the areas earthquakes.  However, not all jurisdictions in earthquake prone areas have adopted
these new building codes.   An additional caveat is that seismic maps do not take into account factors surrounding man-
made earthquakes.   
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Do Insurance Policies need to be Adjusted to Accommodate the Increased 
Frequency of Earthquakes? 

The Oklahoma Insurance Department is actively reviewing the insurance industry with regards to earthquake insurance.  
Because so few companies are issuing Earthquake policies, that section of the industry is being pro-actively regulated (other
aspects of the insurance industry are reactively monitored.)  The insurance commissioner has made rulings that should make
Earthquake riders more uniform and transparent.

Standard insurance policies are designed to cover a broad and generalized risk that would relatively consistent across all 
localities in the country.  For specialized and localized risk, riders may be purchased.  In general, earthquake riders are 
designed to cover catastrophic events, and not the fatigue issues caused by multiple earthquakes over a short period of time. 
For example, it may take an earthquake with significant energy to start a crack in a wall, but subsequent earthquakes require
little energy to grow the crack; how does one differentiate crack from multiple earthquakes vs. settling as a result of a pre-
existing condition?        

What are the things we should be concerned about in the future?

Trent England, JD, VP Vice President for Strategic Initiatives at Oklahoma Council for Public Affairs, conducted a 
speakers’ panel discussion where questions from the audience were answered.  A summary of the session:

1. How should seismic maps take into account factors involved in producing manmade earthquakes, such as those 
earth-movements found in the Arbuckle Formation.  

2. Will insurance companies or property owners without earthquake coverage be able to recover damages from 
earthquakes near the Arbuckle Formation? If so, how will this impact an industry that represents 10% of the state's 
economy and 20% of its tax collections?   

3. Should Oklahoma ban the importation of oil and gas production wastewater for injection in disposal wells?  

4. While it appears that newly revised residential building codes designed to accommodate EF2 tornados are also 
sufficient to handle the most common earthquakes, not all jurisdictions have adopted these new building codes.  
There is some resistance from the building community because of the added cost of construction ($1 to $2 per 
square foot).  Is there a need for a statewide mandate to impose building codes to address both tornadoes and 
earthquakes?    

5. Because of the differing risk characteristics of catastrophic earthquakes vs. every-day damage from earthquakes, is 
there a need to a new class of insurance to handle non-catastrophic earthquake damage?

6. There is concern that most insurance companies do not have reserves sufficient to handle a catastrophic event, 
hence many companies are withdrawing from the market.  Is there a reason to establish federally (or state) 
subsidized earthquake insurance similar to flood insurance?
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Session Presented by: Jeremy Boak, Ph.D., 
Director of the Oklahoma State Geological Survey

The earth's surface is made up of granite slabs (called tectonic plates) floating on top of
basalt (volcanic) rock formations.  For various reasons, these primary tectonic plates move
and the boundaries between these plates are called faults. When there is a sudden slippage
along a fault, an earthquake is said to have occurred and energy is released in waves that
travel through the earth and causes the characteristic shaking of the ground.  

In older areas of the earth (ex. Oklahoma) there are layers of granite slabs that sit on top of each other, (tectonic plates are 
folded on top of each other.)  Folding and layering is what produces the characteristic feature of Oklahoma petroleum 
industry, multiple layers of producing oil and gas zones.  This also means that there may be ancient smaller tectonic plates 
that are embedded in newer plates that sit on top of the earth’s mantle, and older faults may go unnoticed for millennia.  

The Arbuckle Formation of north central Oklahoma (not to be
confused with the Arbuckle Limestone Layer or the Arbuckle-
Simpson aquifer of south central Oklahoma) is relatively porous,
is very deep, has negative pressure, and does not produce oil and
natural gas.  The base of the Arbuckle Formation is sometimes
called the Crystalline Basement and is among the oldest 
metamorphic and igneous rock upon which sedimentary rocks
were laid after the continent was formed.  For more than 60
years, these characteristics have made the Arbuckle Formation an
ideal place to inject wastewater from oil and gas production.
The unique feature of the Arbuckle Formation, that is not well
understood, is that it has a negative pressure.  At this time, we do
not understand the mechanisms for dispersing disposal water that
is injected into the formation, nor why areas of the formation sometimes become saturated. Some disposal wells are 
sometimes drilled into the basement rock. Recently, abandoned oil and gas wells in the area have been repurposed as 
monitoring wells; the water level rose in monitoring wells near the 5.8 September Pawnee earthquake, and then fell back to 
normal levels after the earthquake.

Oil and gas production above the Arbuckle, especially the Mississippi Lime, contains significant amount of toxic water 
containing heavy concentrations of salt and other minerals.
For decades, this wastewater has been disposed of by drilling
wells into the lower Arbuckle Formation.  Pipelines from
other parts of the state are used to send water to a disposal
well in the Arbuckle Formation.  Wastewater from other
states is trucked to disposal wells in the Arbuckle Formation. 

Dr. Jeremy Boak, Director of the Oklahoma Geological
Survey, noted that it is now well established that most of the
recent earthquakes in Oklahoma have been caused the
increased volume of disposal water re-injected into the
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Arbuckle formation of north central Oklahoma.  About 90% of the state’s current earthquakes are in the 14 county area of 
North Central Oklahoma that encompasses the Arbuckle Formation.  Earthquakes in the Arbuckle Formation represent a 
new mechanism for a new category of earthquake that involves the volume of disposal water being re-injected exceeding 
the Arbuckle's ability to absorb.  This over-saturation allows the layers, in effect, to float.  When these slabs or layers start 
floating, their boundaries or fault lines start slipping, and earthquakes occur.  

Additional evidence to support the theory, the Oklahoma Corporation Commission (which has jurisdiction over water with 
greater than “5,000 parts per million total dissolved solids”) in conjunction with the EPA (which has jurisdiction in The 
Osage) has ordered several wells to be plugged above the basement level, and a reduced volume of disposal water re-
injected into the formation.  While there is a significant lag time between cause and effect, it appears that these actions have 
reduced the amount of earth movement.  

With regards to Oil and Gas drilling and production activity, fracking, secondary & tertiary
enhanced oil recovery, and wastewater injection, all have different physics associated with
the various processes; with different solutions to problems that may occur.  Extraction of
ground water as well as oil and gas may cause subsidence, a form of man-made earth
movement. Fracking in the completion of oil & gas wells has caused rare instances of earth
movement in other parts of the country and western Canada.  In secondary and tertiary
enhanced oil recovery, there tends to be a balance of liquids extracted and injected, and there
is not significant evidence that this type of recovery causes earth movement.    

There is a background amount of earthquakes caused by traditional plate tectonic movements.  These traditional 
earthquakes are what is prevalent in California and other parts of the world.  In Oklahoma, our significant traditional 
earthquake event was when the Meers fault, near the city of Meers in SW Oklahoma, ruptured about 1,300 years ago, 
measuring an estimated 7.2 on the Richter scale; commercial buildings
are designed with this event in mind.

In conclusion, in Oklahoma's Arbuckle Formation, re-injection of
wastewater from oil and gas production appears to be the cause most
of the State's of current earthquakes, (also see: Walsh & Zoback:
Science Advances, 2015).  At times, sections of the Arbuckle
Formation, through processes we do not understand, become saturated
and ancient slabs start floating and moving.  Additionally, it appears
that earthquakes caused by wastewater re-injection are more frequent
and more severe than the historic, traditional earthquakes found in
other parts of the state.  In the world, there are no documented cases of
induced seismicity that comes close to cases in Oklahoma. From a
scientific standpoint, it was suggested that it was fairly settled science
that that most of Oklahoma’s current earthquakes originating from the
Arbuckle Formation are man-made.  
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Session Presented by: Christopher Ramseyer, Ph.D., P.E., 
Director of OU’s Fears Engineering Laboratory

Dr. Ramseyer also consultant for many Building Code committees and commissions, noted that stresses on building caused 
by tornadoes are very similar to stresses caused by earthquakes.  

Fundamentally, earthquakes impose no load on a structure.  Rather, in an earthquake, damage is caused by a building’s own
inertia when the ground moves. Earthquake damage occurs when the earth moves and the structure tries to keep up. This 
ground movement causes lateral stress on a structure’s base are similar to lateral stresses caused by the wind blowing 
(tornado) on a structure’s top levels.  How much the ground moves in a specific location is related to the distance from the 
epicenter of the earthquake and soil composition.  The lateral stresses on the building are based on the building’s 
construction, its stiffness and ductility.

A seismic hazard is defined as the probability that
an earthquake will occur in a given geographic area, within a
given window of time, and with ground motion intensity
exceeding a given threshold.  In areas away from active faults,
the Maximum Credible Earthquake (MCE) standard is that peak
ground acceleration will occur once in 2,500 years, which
corresponds to a statistical 2% probability of being exceeded in
50 years.  In areas of active faults, the standard is 1.5 times the
“characteristic” earthquake.  In Oklahoma, the characteristic
event is the Meers earthquake, near the city of Meers in SW
Oklahoma, which occurred about 1,300 years ago, measuring an
estimated 7.2 on the Richter scale. USGS seismic hazard maps
are shown with peak ground acceleration (as a percentage of
gravity) with a 2% probability of exceedance in 50 years.  Note:
map does not identify the Arbuckle Formation in north-central
Oklahoma as a significant earthquake risk zone. (more below) 

A building code is a set of standards for construction of structures whose main purpose is the preservation of life, not to 
prevent damage to a building.  The amount of damage a building may sustain in a given catastrophic event will depend on 
the standard of construction and the amount of lateral stresses on the building’s
structure.  The lateral stresses depend on the distance from the event’s epicenter (or the
velocity of tornadic winds) and the soil composition. With the lowest construction
level, a building is designed to provide sufficient “run time” for people to safely exit
the structure before it collapses; with the highest construction level, a building will still
be fully operational after the event.  

Both the shape (amount of irregularities) and construction of a building will influence the amount of damage a structure 
may have in a catastrophic event.  Most structures are not rectangular (which lead to horizontal irregularities). Most 
structures do not have a common ceiling height (which leads to vertical irregularities).  And most buildings have torsion 
irregularities, a varying concentration of open spaces vs. walls. To the extent that the building has vertical and horizontal 
irregularities, its center of mass and center of momentum (or center of rotation) will not be in the same place. When a 
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building experiences lateral loads (that act is a direction parallel with the ground) from the movement of the ground (or 
from wind blowing) the building will twist. Lateral stresses on a building tend to rotate around the center of resistance, and 
translation (straight line) movement from the center of momentum. For example, if the building is not square, lateral forces 
place additional stresses on the joints between the sections, which may produce cracks or failure of the building element.

The design objective is to determine how that particular building will
move (both horizontally and rotationally) at a specific site, given a
specific earthquake. The way to minimize damage in an earthquake (or
tornado) is eliminate vertical, horizontal, and torsion irregularities.
The way to make a building able to withstand lateral forces in an
earthquake (or tornado) is to use construction methods that make it
stiffer.  

The current International Building Code mandates that every
construction project must meet seismic construction standards for their
location and building use.  Over ½ of the US and about 4/5 of
Oklahoma (only one county has never experienced an earthquake) is
now considered to be at some risk for seismic activity.  An analysis of
a structure's required strength and stiffness is based on three factors:

Soil Condition: the UGC looks at six basic soil types, the impact of an earthquake wave will vary with each soil type: 
Hard Rock, Rock, Very dense soil and Soft rock, Stiff Soil (default), Soft Soil, and Special Soils.    

Building Usage:
 Seismic Use Group III: essential facilities such as hospitals, fire departments, and police departments that must 

function both during and after an earthquake
 Seismic Use Group II: buildings that constitute a substantial public hazard, such as power plants and those 

housing over 300 people
 Seismic Use Group I: everything else

Geographic Location:  Typically determined by a variation of the Seismic Hazard Map discussed above.  

One of the questions of the Forum was “Are current building codes sufficient for today’s increased frequency of 
earthquakes. The answer is probably yes, with two basic caveats.  Changes to the City of Moore Oklahoma’s building codes
in 2014, based tornado activities, are probably sufficient to handle most earthquakes because lateral forces on a building 
from tornadic activity are similar to lateral forces from earthquakes.  

Moore’s new residential building codes include requiring roof sheathing, hurricane clips or framing anchors, continuous 
plywood bracing and wind-resistant garage doors. The homes would be built to withstand winds up to 135 miles per hour 
(ED-2) rather than the accepted standard building requirements of 90 miles per hour.  The first caveat: not all municipalities
have adopted these more stringent codes.  

The second caveat:  the Seismic Hazard map is designed to predict traditional earthquakes, does not take into account 
hazards from man-made earth-movements that we are currently experiencing in the Arbuckle formation.  
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Session Presented by: William “Buddy” Combs, JD, Director of Public Policy and 
Assistant General Counsel for the Oklahoma Insurance Department

Buddy Combs noted that most insurance policies exclude damage from the movement of earth (ex. earthquake).  The logic 
behind this situation is that standard insurance policies are designed to address statistically predictable events faced by 
most, if not all policyholders.  Because earthquakes (much like floods) have varying risk depending on the location, and 
because earthquake damage (much like floods) can be catastrophic, both earthquakes and floods are excluded from standard
insurance policies. Additional protection may be obtained with earthquake insurance riders that cover a catastrophic event 
when the earth moves.  A gap in coverage arises when there is damage to a building (cracking walls, falling brick, etc.) 
resulting from earthquakes.  While the Insurance Commissioner has made statements and rulings to address this problem, 
there may be a need for a new type of earthquake insurance policy to cover damage caused by the cumulative impact of 
multiple earthquakes.    

Preexisting conditions are generally not covered under any insurance policy.  And insurers have a right to inspect the 
property, to identify the condition of the property before coverage begins.  The Insurance Commissioner has issued a 
statement (PC 2015-02, March 3, 2015)

… If  an  insurer  intends  to  deny a  claim,  asserting  “pre-existing”  damage,  I  [the insurance
commissioner]  expect  that  the  insurer  has  inspected  the  property  prior  to  inception  of  the
coverage  and  maintained  reasonably  current  information  as  to  the  condition  of  the  insured
property, prior to loss.

A naturally occurring earthquake is defined as:

… a vibration-generating rupture event caused by displacement within the earth’s crust through
release  of  strain  associated  with  “tectonic  processes”  and  included  effects  such  as  ground
shaking, liquefaction, seismically-induced land sliding, and damaging amplification of ground
motion.   [Note:  Most  earthquakes  in  the  Arbuckle  Formation  are  not  caused  by  tectonic
processes  – plates  floating on  the  earth’s  mantle,  but  rather  old tectonic  plates  floating on
disposal-water injected into the formation.]

A simplistic way of looking at the insurance market is that people are grouped with policyholders of similar risk. These risk 
groups have associated reserves, or money, to pay claims.  Over time, if these reserves decrease, the insurance company 
raises premiums.  Standard insurance policies do not cover the risk of floods or earthquakes, because the risk of these events
occurring are not uniform across the country.     

Added insurance coverage for Earthquakes (Insurance Riders) are similar to Flood Insurance in that they are designed for 
catastrophic, one-time events.  In California, there is concern that premiums for earthquake insurance, and the associated 
reserve pool, will not cover a future catastrophic earthquake.  For this and other reasons, many insurance companies stopped
offering earthquake insurance in California.   As a solution to the problem, the State of California created the California 
Earthquake Authority, which now issues 75% of that states earthquake insurance.  

Since 2010 the number of earthquakes in the Arbuckle Formation has been increasing exponentially.  It appears to be settled
science that this increase in the frequency of earthquakes in the Arbuckle Formation is the result of mechanisms that create 
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earthquakes that are different from traditional plate tectonics.  Earthquakes in the Arbuckle Formation are manmade based 
on the oversaturation of wastewater being injected into a formation.  

An additional insurance risk is that the impact on a structure from a single catastrophic earthquake event is different from a 
number of smaller events over a relatively short period of time.  Traditional catastrophic earthquake policies do not cover 
the concept of fatigue; while it may take a large amount of energy to crack a wall, once the crack is there, a small amount of
energy is required to expand the crack, and in the Arbuckle Formation there are multiple earthquakes over a relatively short 
period of time.  

Additionally, because Oklahoma tends to have a natural occurrence of settling, it is sometimes difficult to differentiate 
damage to structures from settling vs. earthquakes. And since the vibrations or shaking does not include “man made” causes
such as construction, mining, and oil & gas exploration and production, the question then becomes, how does one 
differentiate from man-made earth-movements such as construction, from earthquakes caused by wastewater injection, or 
from earthquakes caused by traditional plate tectonics?  

To address some of these issues, the Insurance Commissioner has issued a statement (PC 2015-04, October 20, 2015) that 
required insurers to provide qualifying language to their earthquake policies, among other things, to clarify whether their 
earthquake insurance policies cover catastrophic events and/or the multiple events prevalent in the Arbuckle Formation.  
The result is that 16 companies explicitly do not provide earthquake coverage for manmade earth movement related to the 
oil & gas industry, and others are withdrawing from the market entirely.  

The question of availability of earthquake insurance is of concern, and the Insurance Commissioner is now uniquely 
regulating earthquake insurance as a monopoly.  Traditionally, insurance companies make rate and policy changed and then 
notify the Insurance Department.  With earthquake insurance, issuers must first notify the Insurance Department and the 
Insurance Commissioner may reject the rate as excessive “if it is likely to produce a profit that is unreasonably high for the 
insurance provider.” [36 O.S. § 985(A)(1)]  

It was noted that in 2016 there were two pieces of legislation introduced in the Senate that never made it out:

SB 1498 – Insurance; establishing right of subrogation for man-made earthquakes (Senator Jolley and Representative 
Moore)

 Earthquake Insurers would be barred from denying coverage for “man made” causation
 Insurers would retain the right of subrogation against at-fault parties
 Two issues:

◦Some “man made” exclusions are necessary in the construction and mining sectors
◦ Insurers currently retain the right to subrogation

www.oklahomalegislature.gov/BillInfo.aspx?Bill=sb1498 bill was not assigned to a committee  

SB 1497 – Insurance Commissioner; Establishing Earthquake Insurance Program (Senator Jolley and Grau, and McDaniel 
(Randy) in the House)

“Upon a finding there is lack of adequate earthquake insurance coverage available to residents in the State of 
Oklahoma, the Insurance Commissioner is hereby empowered to create an earthquake re-insurance program, to be 
administered by the state.”
www.oklahomalegislature.gov/BillInfo.aspx?Bill=sb1497  bill was assigned to Senate Appropriations committee, but 
never left
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Session Moderated by: Trent England, JD, VP Vice President for 
Strategic Initiatives at Oklahoma Council for Public Affairs

         The concluding event was Trent England, JD, VP Vice President for Strategic Initiatives at Oklahoma Council for 
Public Affairs, conducting a speakers’ panel discussion where questions from the audience were answered.  

Available documents and other conference materials may be found at http://www.swrea.org/earthquake-materials.html 

According to the Oklahoma Corporation Commission, in 2015 Oklahoma received more than 2.4 million barrels of injected 
wastewater from other states, in addition to what we were injecting from our own wells.  

In terms of earthquake safety, updating building codes are important for residential structures.  Commercial buildings tend 
to have Professional Engineers involved in the design, and PEs are obligated to include current knowledge in their design.  
The maximum earthquake engineered buildings are design to withstand is the estimated 7.2 Meers quake in SW Oklahoma. 
However, from a building code standpoint, (used primarily with residential construction) the first step is identifying the 
seismic zone, which does not take into account manmade seismic events such as what we are now experiencing in the 
Arbuckle formation. 

Current updated building codes, which are primarily used for residential and light commercial non-engineered buildings,  
are designed to withstand an EF2 tornado (winds up to 135 mps), and these revised codes are typically sufficient for most of
the earthquakes in Oklahoma.  From a construction standpoint, making a building “stiffer” is good for both earthquakes and 
tornadoes.  Construction to meet an EF2 tornado will add between $1 and $2 per square foot.  For the base of the building, a
monolithic slab is recommended, where (at a minimum) there is connection between the stem wall and the slab.   

While a single or two story wood-frame domestic structures built on a perimeter or slab foundation are relatively safe in an 
earthquake, in many structures built before 1950, the sill plate that sits between the concrete foundation and the floor 
diaphragm (perimeter foundation) or stud wall (slab foundation) may not be sufficiently bolted in. Additionally, older 
attachments (without substantial corrosion-proofing) may have corroded to a point of weakness. A sideways shock can slide
the building entirely off of the foundations or slab.
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When constructing a building to withstand an EF2 Tornado, the equivalent of Hurricane Clips are recommended.  These 
devices provide additional strength against lateral forces – for tornadoes these clips will help the roof from being lifted off 
its base; for earthquakes it provides additional lateral stability and bracing.  

Additionally, ceiling joists and rafters (or trusses) should be connected to 
the top plate of supporting walls 

Reinforced hollow concrete blocks can be used for both load-bearing walls 
and good lateral structural support.  In effect, each masonry element is 
vertically reinforced with steel intervals, creating a grid of reinforcement.

One of the safest structures from an earthquake standpoint.  A single story 
wood frame structure (tends to bend without out breaking) with cross 
bracing (adds stiffness), reinforced joints where structural members 
connect with each other (adds stiffness and strength), and a relatively 
flat roof.  
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2016 Oklahoma Commercial Real Estate 
Forum™ Organizers:

 Dr. Bart Binning, COCAR™ President, Chair of the Advocacy/Government Affairs Committee, and Report author  

 Andrea Frymire, COCAR™ VP & President Elect 

 Dr. David Chapman, Forum Emcee, Chair of the COCAR™ Community Outreach & Real Estate Market Research 
Committee,  and President of the 2017 Commercial Real Estate Summit ™ 

2016 Forum Sponsors:

The 2016 Oklahoma Commercial Real Estate Form: Earthquakes was made possible, in part, by the 
National Association of REALTORS ® Commercial Innovation Grant. 

We wish to thank Students from the University of Central Oklahoma's Real Estate Club for help on the day 
of the event.  

The Forum: Earthquake Sponsor:   

Exhibitors:  

.Save the Date for the 2017 Oklahoma Commercial Real Estate Forum ™
The 2017 Forum will be held Wednesday September 13, Topic will be: Municipal Funding 

Place: Central Oklahoma Home Builders Association / 420 E Britton Rd / OKC 73114
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