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Credit(s) earned on completion of this course
will be reported to AIA CES for AIA members.

Certificates of Completion for both AIA
members and non-AIA members are available

upon request.

This course is registered with AIA CES for
continuing professional education. As such, it
does not include content that may be deemed

or construed to be an approval or
endorsement by AIA of any material of

construction or any method or manner of
handling, using, distributing, or dealing in any

material or product.

Questions related to specific materials,
methods, and services will be addressed at

the conclusion of this presentation.
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This session will explore trade-offs
encountered when design professionals
structurally harden schools to ensure student
safety that include discussions lead by the
research team as well as information gathering
from design professionals about their
experiences designing schools for safety.
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Learning Objective 1
� Learn how decision makers would benefit from research and design tools

that illustrate and support modeling of healthy school environments.

Learning Objective 2
� Gain an understanding of trade-offs, between structural hardening,

sustainability, and environmental quality.

Learning Objective 3
� Understand how these tools are critical in times when decision makers are

influenced by tragic events and lose perspective on ways in which reactive
decisions might affect student and teacher performance.

Learning Objective 4
� Learn how the focus on one factor of school design often leads to a trade-

off without the awareness of the possible implications to other areas in
school environments.
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Introduction
Research Grant – An Overview
Building Features List
Structural Hardening & Safety
What’s Next?
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How the grant works

� Grant is funded by the EPA
� Peer review for the EPA

determines which projects to
fund.

� University of Oklahoma College of
Architecture is the primary lead
for the research team
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Structural Hardening
Increase the strength of materials by adding, building or replacing
structural components; Structural safety

Sustainability
Reduce environmental impact of buildings; Reduce energy
consumption; Efficient use of low carbon materials; Protects,
preserves and improves water and air quality.

Healthy Interiors
Interior spatial conditions that affect: Thermal Comfort, Lighting,
Acoustics, Ventilation, Aesthetics, and Visual Harmony

Air Quality
The degree to which the ambient air is pollution-free. Indoor air
quality (IAQ) can be affected by a number of contaminants including
mold, gases, particulates and any stressor that can be considered
harmful to health conditions.

ü Building Inspection
ü Floor Plan Review

ü LEED Criteria – Rating
system for Building
Design and Construction

ü In-situ testing + case
modeling

ü Building Inspections

ü Air Quality Test
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Determine the extent to which factors
related to school building design affect:

� Student achievement

� Teacher achievement

� Occupant health

� Impact one has on another

Structural Hardening

Sustainability

Air
Quality

School
Interior

Student + Teacher
Performance
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What is input/insight does the CAB
provide the research team?

� “Keep us real”

� To translate the results into real
world information people can
and want to use.

� Ensure the final product is usable
and applicable
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The purpose of this
research is to:
� Give decision makers

tools.
� Prioritize building

features that affect
student and teacher
performance.
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These150 items were
grouped into six categories:

� Lighting
� Acoustics
� Thermal Comfort
� Interior Design
� Aesthetics
� School Campus
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Hierarchy of Building Feature Items:

� Items evaluated by Community
Advisory Board and research team

� Categorized by direct impact on
student learning

� Learning Relativity Categories
1. Highest impact
2. Some impact
3. Less impact

Natural light

Window orientation

Depth of light
penetration
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What is safety & security?
� Safety – “condition of being

protected from danger”
¡ By a device
¡ Fire alarms, fire rated

walls/exits, fire extinguishers,
bunkers, safe rooms…

� Security – “the quality or state
of being free from danger”
¡ Means to prevent an event
¡ CCTV, access controls,

secured entries, security
guards…
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Transparency is the
visual connection and
control:

� Of building entries

� Into and out of
classrooms

� Provides the ability
to identify threats at
a distance.

� Pod lockdown
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How is a hardened room defined?
� Hardened Structure

¡ Structures designed to resist a
specified wind event

� Storm Shelter
¡ Meets ICC 500
¡ Provides “life-safety

protection” from wind events
� Safe Room

¡ Meets FEMA 361
¡ Meets/exceeds ICC 500
¡ Provides “near-absolute

protection” from wind events
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Tornado
Refuge Area

Best Available
Refuge Area

Hardened
Area or
Room

Storm
Shelter

Safe
Room

Designed to minimum building code
requirements

Evaluated by a design professional and
identified as least vulnerable area / room in
building

Designed to consider wind speeds or wind-
borne debris impacts at some level between
code and ICC 500 / FEMA criteria

Designed specifically to provide life-safety
protection per ICC 500 or FEMA criteria

Designed specifically to provide near-
absolute protection per FEMA criteria
(including operational and emergency
planning criteria)
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Initial reaction:
� Save and protect the children
� Build highly reinforced

enclosed rooms

Initial outcome:
� Reduce functional efficiency
� Reduced aesthetics
� Hardened structures designed

to resist wind events
� Bunkers instead of learning

spaces
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What are the potential trade-offs
a school or designer will come
across?
� Reduced access to natural

daylight
� Reduced quality and amount of

lighting
� Limitation of construction

materials and methods
� Reduced aesthetics
� Reduced IAQ
� Increased cost
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Where are the best opportunities
for hardened structures?
� Restrooms
� Gymnasium
� Band Room
� Classroom
� Media Center
� Cafeteria
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Edmond Heartland Middle School
� Practice Gymnasium

¡ For entire school population
¡ Natural Ventilation
¡ No windows required by

program
� Two adjoining classrooms

¡ Reserved for special needs
students

¡ Incorporated into classroom
wing = less travel distance

¡ Has impact tested exterior
windows

¡ No obvious visual difference
from other classrooms
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Edmond Public Safety Center
� Basement in HQ building is an

Area of Refuge
� Reinforced, cast in place

concrete structure.

South Support Facility
� Conference room as Storm

Shelter
� Programming complimented

shelter design
� No exterior windows
� Smaller in size, not a community

storm shelter.
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ASTEC Middle/High School
� Gymnasium as Safe Room

¡ Tilt up concrete construction
¡ Restrooms under bleachers
¡ Natural ventilation in wind

event
� Secured vestibules

¡ Visual control of entries
¡ Security film
¡ Access control
¡ Security office at secondary

entrance
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Northern Oklahoma College
� Recreational room doubles as

Storm Shelter
� Public restroom access via

shelter
� FEMA doors used as exterior

shutters for windows to reduce
cost
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Wind & impact resistant coiling
doors
� Tested to meet FEMA 361

impact requirements
� Allows natural light during

normal occupancy
� Protects large openings
� Unlimited height
� Width limited to 16’-0”
� Only closes when space is used

as a safe room
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Wind & impact resistant windows
� Retrofit or new construction
� Conventional installation

methods
� Potentially no additional

protection required
� Some size restrictions
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How are schools addressing structural hardening in Oklahoma?

� Tulsa area district – no hardening, reinvesting into technology

� OKC Public Schools – shelters for students in all new construction &
additions

� OKC amendment to IBC requires schools to provide a safe room with
an occupancy load equivalent to or greater than the number of
students and faculty the building or structure is designed for.

� Rural community - build a community center, with a safe room, next
to the school.

� Edmond Public Schools – hardened room for every student at every
facility by 2020 (325mph wind event)
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Student Learning
Natural Light
Aesthetics

Indoor Air Quality
Functionality

Interior Comfort

Student Safety
Safe Rooms /

Storm Shelters
Secured Entries
Visual Control
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Year 1:
November 2014

Research & Preparation

Year 2:
November 2015
Survey Phase

Year 3:
November 2016
Evaluation Phase
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Year 2 of the research:

� Continue to fine tune the Building
Features List

� Define these features in everyday
terms

� Assign a scale or metric to each
item

� Start Beta testing of
measurements and field survey
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Year 3 of the research

� Field measurements estimated to
be complete Summer 2016

� Field measurement data  will be
analyzed by the research team

� School testing data will be crossed
referenced with field data

� Relationships made between
building features modifications
and student/teacher performance

� A final report will be created to
help stakeholders make better
informed decisions
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This concludes The American
Institute of Architects Continuing

Education Systems Course

1105 Media, Inc.

Contact Information:
850.219.9600

This concludes The American
Institute of Architects Continuing

Education Systems Course

1105 Media, Inc.

Contact Information:
850.219.9600
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Thank you



EDspaces 2015

For additional information
on the research program

contact:

Lisa Holliday
Principal Investigator

College of Architecture
University of Oklahoma

Email:
okchs@csa.ou.edu

Website:
okchs.csa.ou.edu

For polling results,
presentation executive

summary and downloads:

education-design-studio.com



EDspaces 2015



EDspaces 2015


