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SECOND EDITION

Appendix G
Design Guidance on Missile
Impact Protection Levels for

Wood Sheathing

Reinforced concrete and reinforced masonry have been the most common wall and roof
materials used with success in non-residential safe rooms. The use of wood panels for exterior
wall sheathing in non-residential safe room applications had been limited. This appendix provides
limited information on wood panel testing that has been performed for both hurricane and tornado
safe room applications.

Data from the missile impact tests on walls with plywood and oriented strand board (OSB)
sheathing conducted at Texas Tech University (Carter 1998) and at Clemson University
(Clemson 2000) have been combined to determine the variation of missile perforation resistance
with thickness of the sheathing. In order to put all the data on a consistent basis, missile weights
and lowest impact velocities for perforation of the sheathing have been extracted from previous
test results. The weight and impact velocity information were used to calculate the impact
momentum {weight (Ib) x velocity (ft/sec)/acceleration of gravity (32.2 ft/sec? = momentum (lb/
sec)} and the impact energy {weight (Ib) x velocity squared (ft/sec)?/acceleration of gravity (32.2
ft/sec?) = energy (ft/Ib)}. The resulting impact momentum and impact energy for perforation of the
sheathing are plotted as a function of sheathing thickness (in 1/32 inch) in Figures G-1 and G-2.

The momentum required for a wood 2x4 missile to cause perforation varies essentially linearly
with thickness of the sheathing material for both plywood and OSB. This suggests, at least

for this type of missile and common sheathing materials, that a desired target penetration
resistance (ability to resist a certain impact momentum) can be achieved by simply adding up
the contributions of the various layers of sheathing. For example, in Figure G-1, sheathing with a
30/32-inch thickness represents two layers of 15/32-inch material.

Figure G-3 provides information on the relative resistance of various common sheathing
materials, in terms of impact momentum absorption, for a compact impact area such as that
associated with a wood 2x4 missile impacting perpendicular to the sheathing material. Summing
the momentum resistance of the various layers of common sheathing materials is permissible
when developing initial design criteria for walls that provide adequate protection. However, this

DESIGN AND CONSTRUCTION GUIDANGE FOR COMMUNITY SAFE ROOMS G-1
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process may not work for other types of missiles or for wall materials that absorb impact energy
by undergoing large deformations (i.e., corrugated metal panels .

For the large design missile of this publication (a 15-Ib wood 2x4 missile), the maximum
horizontal impact speed designated in the criteria is 100 mph, and the corresponding momentum
is approximately 68 Ib/sec. For vertical impacts, the maximum impact velocity designated is
reduced to 67 mph; the corresponding momentum to the maximum vertical impact speed is
approximately 46 Ib/sec.
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Figure G-1. Variation of impact momentum required for missile penetration vs. wall sheathing thickness
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Figure G-2. Variation of impact energy required for missile penetration vs. wall sheathing thickness
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Figure G-3. Impact momentum required for a 2x4 wood missile to penetrate various common sheathing
materials (impact perpendicular to sheathing surface). Note: All wood products provide less than half the
required impact momentum resistance needed to meet the horizontal surface impact resistance required by
the National Performance Criteria for Tornado Shelters.
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Appendix H
Acronyms and Abbreviations

ACE
ACI
ADA
A/E
AFM
AHJ
AMS
ANSI
APA
APC
ARC
ASCE
ASD
ASF
ASTM

B
B/C

BCA
BCR
BFE

Advanced antimicrobial elastic

American Concrete Institute International

Americans with Disabilities Act
architectural/engineering

Air Force manual

authority having jurisdiction
American Meteorological Society
American National Standards Institute
American Plywood Association
atmospheric pressure change
American Red Cross

American Society of Civil Engineers
Allowable Stress Design

available square footage

American Society for Testing and Materials

benefit-cost
benefit-cost analysis
benefit-cost ratio

base flood elevation
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BHMA Builders Hardware Manufacturers Association
BPAT Building Performance Assessment Team
C

C&C components and cladding

CcMu concrete masonry unit

CPR Cardiopulmonary Resuscitation

CU Clemson University

D

DFE design flood elevation

DI damage indicator

DOD degree of damage

DOE Department of Energy

E

EF Enhanced Fujita (Scale)

EHPA Enhanced Hurricane Protection Area
EIFS Exterior Insulation Finishing System
EMS Emergency Management Services
EMT Emergency Management Technician
EOC Emergency Operations Center

EPDM ethylene propylene diene monomer
F Fujita (Scale)

F lateral force

FAA Federal Aviation Administration

FBC Florida Building Code
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H ACRONYMS AND ABBREVIATIONS

FEMA
FIRM
FIS
fps

ft

G
GIS

H
HAM

HAZMAT
HAZUS-MH
HMA

HVAC
HVHZ

IBC
ICC
ICF
IMC
IRC

kg

LIMWA
LRFD

Federal Emergency Management Agency
Flood Insurance Rate Map

Flood Insurance Study

feet per second

feet, foot

geographic information system

handheld amateur (radio operator)
hazardous material

Hazards U.S. — Multi-Hazard

Hazard Mitigation Assistance

heating, ventilation, and air conditioning

High Velocity Hurricane Zone

International Building Code
International Code Council
insulating concrete form
International Mechanical Code

International Residential Code

kilogram

Limit of Moderate Wave Action

Load and Resistance Factor Design
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