
STORM SHELTER DESIGN

Midwest Facility Masters Conference

October 31, 2023



1300+ 
Employee-owners

11 offices in tornado alley

80%
Repeat Clients

30 Locations
World-wide



Presentation Team

Aaron Gahwiler

Senior Associate

Mechanical Leader

17 yrs

Matt Strasser

Associate

Structural Leader

7 yrs 

Principal

Electrical Leader

40 yrs

Dangelo Gayle

Senior Associate

Senior Project Architect

12 yrs

Brandon Spoehr



Background 
(AG)

02 Regulator y 
Requirements
(AG/BS)

01

03 Sizing and Sit ing
(BS)

Architectural
(BS)

05 Structural
(AG)

04

06 Mechanical
(MS)

Electr ical
(DG)

08 Addit ional 
Requirements

07

09 Q&A

Agenda



DLR Group Slide

1. <why are we giving this presentation?>



Extreme Weather Events

2022 Midwest Tornado Trends: 

• During April 2022, 

there were 60 tornado 

reports in Nebraska, 

Minnesota, Iowa, etc…

• During May 2022, 

there were 118 tornado

reports in Nebraska, 

Minnesota, Iowa, etc…

• During June 2022, 

there were 68 tornado reports 

in Nebraska, Minnesota, Iowa, etc…



Extreme Weather Events

US Tornado Trends: 

• During 2022, there were 1,329 tornado reports, with March, April, May, 

June and November having each 100+ tornado reports.



Code Context

Governing Code: 

• 2014 ICC 500

Exceptions*: 

• Exception by 

county and AHJ



Code Context

Wisconsin:

Not Required While Wisconsin adopts the IBC 

2015, the state code SPS 362.0423 specifically 

excludes IBC 423.3 and 423.4 relating to storm 

shelters.

Iowa: IBC 2015 with amendments

Not Required While Iowa adopts the IBC 2015, the state 

code 301.3(13) specifically deletes chapter 423 in its 

entirety. It does replace with 2 clauses defining storm 

shelters, but does not require them.

Minnesota: IBC 2018

Required to the full extent defined in IBC 2018

Michigan: Michigan Building Code 2015 

(amended IBC 2015) 

Not Required (yet)

Illinois: IBC 2015 with amendments

Required for New Construction or additions that increase 

the size of the remaining building by 50% or more. Illinois 

General Assembly Part 180 adopts IBC 2015, it replaces 

423 with less stringent requirements for additions to an 

existing school.

Missouri:

It depends…

Ohio: Ohio Building Code 2017 

(amended IBC 2015)

Not Required. Ohio adopted the 2024 

Ohio Building Code and it will go into 

effect next year. It is anticipated that 

section 423 that relates to storm 

shelters will be excluded. 



Code Context

Existing Site And New Building Triggers*: 

• Additions, with more than 50 occupants, 

to Group E occupancy

New Site And New Building Triggers*: 

• Group E occupancy with more than 

50 occupants

Key Requirements: 

• The required occupant capacity depends on 

occupant loads

Exceptions*: 

• Exception by county and AHJ



Why Storm Shelters?

• Long Range Facility Planning

• Meeting code requirements for New 

construction / Additions

• Future code changes for other facility 

types

• Community perspective



Siting the Shelter

Things to consider:

1. Constructability

2. Structural + fire separation

3. Normal use functions

4. Direct Exiting

5. Primary site access

6. Topography



Siting and Sizing



Sizing
GROUP E (4 CLASSROOMS)



Design requires Careful Planning



Tornado Shelter Features

• 2-hr Fire Separation

• Opening Protection

• Restroom

• Emergency Utilities for 2 hrs

• Fire Extinguisher & First Aid

• Emergency Exit Hatch

• Signage



Opening Protectives

Glazed openings aren’t impossible, and they look 

almost as good as the normal stuff: 

1. Insulgard windows for punched openings

2. Insulgard Storm-Rated Storefront for larger glazed 

areas

3. Storm-Rated HM doors are nearly indistinguishable 

from typical HM doors

4. Storm-rated louvers

5. MEP Penetration protectives



1. Texas Tech NWI was the home to 
debris impact testing. 
(Transitioning to UL and Intertek)

2. The cannon shoots 8’ 2x4’s at 
over 100 MPH and is used to 
evaluate multiple strikes at 
specific locations in a test 
assembly

Assembly Testing 

These are not 2 x 4s -

they are missiles





Structural

Constraints And Performance: 

• ASCE 7 Risk Category IV



Structural

Increases In Snow, Ice, Seismic And Roof Live Loading: 

• Increases in ASCE 7 Importance Factors

• Increases in ASCE 7 Minimum Roof Live Loads



Structural

Increases In Wind Loading: 

• Increases in ASCE 7 Basic Wind Speeds

• Increases in ASCE 7 Exposure Coefficients



Structural

Structural System Challenges: 

• Sliding

• Overturning

• Uplift

• Impact

• Collapse

• Buoyancy



Plumbing

Key Requirements: 

• Toilets and handwash required
• Potable water not required

• Qty based on shelter occupancy

• Chemical toilets allowed

• Water supply required for fixtures
• 2 hour duration

• Qty/person not stated

• 2/3 pint/person based on hurricanes

• Separate service

• Storage/bladder tanks

• Fixture type matters for sizing storage
• 15 psig for flush tank, manual faucets

• 25 psig for flush valve

Image:  Amtrol



Mechanical

Key Requirements: 

• Don’t need to heat or cool

• Natural Ventilation
• 6 square inches per person, split high and low

• Potential cold/hot spots

• Mechanical Ventilation
• 2014 – Ventilate at normal rate

• 2020 – 5 CFM/person (may be larger rate)

• Back up power for 2 hours

• Ducted distribution, exhaust possible

• Louvers
• Chevron – protects against missiles, not rain

• May need secondary louver

• Wind driven rain

• ICC 500 is not FEMA 361 or Miami/Dade

Images: Pottorff



Images: Roof Penetration Housing

Key Requirements: 

• Any opening more than 3.5 square inches or 

2.06” diameter

• 2 points of impact

• Tested and labeled

MEP Openings



Backup Power

Requirements: 

Backup power is required for a minimum of 2hrs
• Lighting

• Active Mechanical Systems

• Sanitary/ Domestic water Pumps (as required)

System Options: 

• Backup Generator
• Required to be within storm shelter, or within its own 

storm-rated vault

• Large Battery Bank with inverter

• Emergency Battery located within fixture



Peer Review

Key Requirements: 

• Architectural and Structural peer review is required

• Both professional licenses must be valid in the state the 

storm shelter is BUILT, not designed

• There are some individuals who perform both Structural and 

Architectural peer reviews – one stop shopping

• Similar in nature to a permit review process where comments 

are made, logged and responded to with a narrative 

response and drawing updates as required

• Report from peer review must be submitted with permit 

application docs



Testing and Inspections

Testing & Inspections During Construction

Testing Requirements:

1. Typical construction phase soils and materials testing also 

required at storm shelter

2. Storm shelter may require additional testing based on 

assemblies within shelter and these assemblies may have 

different compliance metrics than remainder of building

Special Inspections

1. Special Inspections of storm shelter components are required by 

ICC-500

2. Special Inspections must be completed by 3rd Party Reviewer 

certified to complete inspections, and must be contracted by 

Owner. Architect to aid in procurement of reviewer similar to 

materials testing and called inspections agencies

3. Special inspections include inspections as required by AHJ and 

observation of fabrication and installation of structural 

components of shelter. 

4. These inspections are in addition to inspections/testing required 

for school buildings

Additional Contractor Responsibilities

1. Phasing: In general, once construction on a component or 

assembly is started on a jobsite, work on this 

component/assembly must continue until complete. 

2. Written Statement of Responsibility: each contractor responsible 

for construction of any component/assembly in a storm shelter 

must submit a Written Statement of Responsibility acknowledge 

awareness and identify procedures for the completion that 

component/assembly.



Q & A
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