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______________________________
Questions related to specific materials, methods, 
and services will be addressed at the conclusion of 
this presentation.



Local and federal government agencies are increasingly pursuing mass timber for their 
building projects—inspired by the sustainability and aesthetic of these innovative wood 
materials, as well as their strength and dimensional stability. This presentation will provide a 
detailed look at the variety of mass timber products available, their structural performance, 
fire resistance, acoustics, and energy efficiency. Intended for design teams that work on 
government projects, it will also include an overview of the current protective design 
landscape as it applies to some of the larger federal agencies. We’ll review applied research 

that is pertinent to the protective design of mass timber construction, design aids and 
resources for teams whose projects have to meet protective design requirements, and 
construction details that have performed well during blast testing and have been 
implemented in mass timber construction design for blast loading.



1. Identify mass timber products available in North America and consider 
how they can be used under current building codes and standards.

2. Discuss benefits of using mass timber products, including structural 
versatility, prefabrication, lighter carbon footprint, and reduced labor costs.

3. Understand recent developments for protective design requirements in the 
built environment.

4. Explore mass timber design aids and construction details that can be 
utilized when a job has protective design requirements.
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Mass Timber
Bullitt Center, Seattle, WA

Photo: John Stamets

Heavy Timber
Federal Center South, Seattle, WA
Photo: Benjamin Benschneider



Glue Laminated Timber (Glulam)
Beams & columns

Cross-Laminated Timber (CLT)
Solid sawn laminations

Photo: StructureCraft Photo: LendLease
Photo: LEVER Architecture

Photo: Freres Lumber

Cross-Laminated Timber (CLT)
SCL laminations



Dowel-Laminated Timber (DLT) Glue-Laminated Timber (GLT)
Plank orientation

Photo: StructureCraft

Photo: StructureCraft

Nail-Laminated Timber (NLT)

Photo: Ema Peter

Photo: Think Wood

Glue Laminated Timber (GLT)
Plank orientation

Photo: Think Wood Photo: StructureCraft

Photo: Manasc Isaac 
Architects/Fast + Epp



Thickness
3 to 20 inches*

Max Length
24 to 64 feet* Max Width

4 to 12 feet*

3+ layers of laminations
Typically Solid Sawn Laminations
Cross-Laminated Layup
Glued with Structural Adhesives

What is CLT?

*All dimensions are approximate.
Consult with manufacturers



3-ply 3-layer

Common CLT Layups

9-ply 9-layer

5-ply 5-layer 

7-ply 7-layer 7-ply 5-layer

9-ply 7-layer

3

5

Most Designs
Least $/sf



Model Building Code Acceptance

2015 International Building Code



North American CLT Product Standard

ANSI/APA PRG 320 Standard for Performance-Rated 
Cross-Laminated Timber

The Standard Covers:
- U.S. and Canada Use
- Panel Dimensions and Tolerances
- Component Requirements
- Structural Performance 

Requirements
- Panel and Manufacturing 

Qualification
- Marking (Stamping)
- Quality Assurance



3rd Party Product Qualification of CLT



CLT Product Reports
CLT Grade

(basic or custom)
Layup Panel PropertiesPanel Properties



NEW MASS TIMBER DESIGN MANUAL

Jointly Produced By:

10+ new case studies, technical 
resources, Q&A and more. Links 

directly to many additional 
resources.

https://info.thinkwood.com/masstimberdesignmanual

https://info.thinkwood.com/masstimberdesignmanual


Construction Types

Type III: 6 stories

Credit: Ema Peter

Type IV: 6 stories

Type V: 4 stories

Allowable mass 
timber building size 

for group B 
occupancy with NFPA 

13 Sprinkler

Credit: Christian Columbres Photography



B U I L D I N G  C O D E  A P P L I C A T I O N S  |  C O N S T R U C T I O N  T Y P E

Tall Mass Timber: Up to 18 Stories in Construction Types IV-A, IV-B or IV-C



As of March 2022, in the US, 1,384 multi-family, commercial, or institutional 
projects have been constructed with, or are in design with, mass timber.

Current State of Mass Timber Projects
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Source: AWC’s TR 10

B U I L D I N G  C O D E  A P P L I C A T I O N S  |  F I R E  R E S I S T A N C E

Mass Timber’s Fire-Resistive Performance is Well-
Tested, Documented and Recognized via Code 

Acceptance

Credit: David Barber, ARUP

Source: AWC’s NDS



Mass timber design
Fire resistanceFor Exposed Wood Members: IBC 722.1 References 

AWC’s NDS Chapter 16 (AWC’s TR 10 is a design aid to 
NDS Chapter 16)



Mass timber design
Fire resistance

Source: Aitc



KEY EARLY DESIGN DECISIONS

Inventory of Fire Tested MT Assemblies

https://www.woodworks.org/resources/inventory-of-fire-resistance-tested-mass-timber-assemblies-penetrations/
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No acoustical code requirements for many mass timber building types such as 
offices and assembly. However, many owners require a minimum level of 
performance

Code requirements for residential occupancies:

Min. STC of 50:
• Walls, Partitions, and Floor/Ceiling Assemblies

Min. IIC of 50 for:
• Floor/Ceiling Assemblies

Mass timber design
Acoustics – IBC 1207



Mass timber design
Acoustics

Sound Insulation of Bare CLT Floors and Walls



Mass timber design
AcousticsCommon mass timber 

floor assembly:
• Finish floor (if applicable)
• Underlayment (if finish 

floor)
• 1.5” to 3” thick 

concrete/gypcrete topping
• Acoustical mat
• Mass timber floor panels

Image credit: AcoustiTECH



Mass timber design
Acoustics

https://www.woodworks.org/resources/inventory-of-acoustically-tested-mass-timber-assemblies/
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MARKET DRIVERS FOR MASS TIMBER

» Construction Efficiency & 
Speed

» Construction site constraints 
– Urban Infill

» Innovation/Aesthetic

PRIMARY 
DRIVERS

» Carbon Reductions
» Structural Performance –

lightweight

SECONDARY 
DRIVERS

Image Credit: Structure Fusion



1 Floor = 3 Days
17 Floors Erected in 
9.5 Weeks
Traditional methods:
100 people on site
7-10 day floor cycle + temp shoring and curing

Brock Commons:
20-30 people on site
3 day floor cycle
no shoring no curing

Mass timber appeal
Reduced construction time

Brock Commons, Vancouver, BC
Source: naturally:wood5



Mass timber appeal
Reduced embodied carbon

Brock Commons, Vancouver, BC

Source: Naturally:wood9

Photo credit: acton ostry architects



Mass timber appeal
Material mass

75% lighter weight than concrete



Photos: Baumberger Studio/PATH Architecture/Marcus Kauffman   |   Architect: PATH Architecture

Mass Timber: Structure Often is Finish



15%

14%

64%

7%Project Overhead

Labor

Material

Equipment

Source: Swinerton

Higher Material Cost  |  Lower Construction Costs

Panels are the biggest part of the 
biggest piece of the cost pie

64%

Material



Mass Timber 
Costs

Factors relevant to the cost conversation:

• Cure time: mass timber has none. It can be 
worked on immediately after being placed

• Crane size: mass timber is lighter than 
traditional materials.          Smaller 

crane = potential savings
• Smaller seismic forces & foundations = 

potential savings
• Fewer finishes = labor and material savings
• Construction speed: estimated to be 25% 

faster. Sooner completion = sooner 
occupancy = sooner revenue and less 
general conditions

• Less construction traffic, prefabricated & 
precise – goes together smoothly

• Labor costs are lower



Mass Timber Business Case Studies

www.woodworks.org/mass-
timber-business-case-studies

Download online at

• Includes financial return 
performance data on mass 
timber projects 

• Developers share lessons 
learned, challenges and 
successes

NEW MASS TIMBER BUSINESS CASE STUDIES

https://www.woodworks.org/mass-timber-business-case-studies/


Mass Timber Business Case StudiesThe Canyons VE Exercise



Schedule Impact on Cost | Value of Time

A large-scale MT project can be up to 2% higher in direct 
costs, but a minimum of 20% lower in project overhead costs.  

The net result is cost-neutrality and higher value.

Source: Swinerton
Photo: Alex Schreyer
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• Protective design
• Physical measures to mitigate the consequences of 

adverse events to people and other critical assets

• Traditionally, protective design has focused on 
countering four threats:

• Blast
• Ballistic
• Forced Entry
• Progressive Collapse

• Many Government entities have some form of 
protective design requirements



• Following 9/11, most federal agencies instituted 
protective design requirements for antiterrorism

• Department of Defense
• UFC 4-010-01

• Department of State
• OBO Building Code
• SD-STD-01.01

• Department of Veterans Affairs
• Physical Security Design Manual

• Other Non-Military Federal Government
• Interagency Security Council Risk Management Process

• Other non-federal agencies also have 
requirements, e.g.:

• New York City Port Authority
• Judicial Council of California



• Some of these requirements have 
been scaled back within the past 5 
years

• Particularly blast design requirements 
for less critical DoD, GSA, & VA facilities

• For example, UFC 4-010-01
• Prior to December 2018: CLT had to be 

designed for blast loads
• December 2018 UFC 4-010-01 version (and 

subsequent versions): No blast design unless 
a Medium or High Level of Protection (LOP) is 
needed

• Most ballistic, forced entry, and 
progressive collapse requirements 
have stayed in place

• Ballistic and FE requirements only 
necessary when Medium or High LOP



• Planned release of new standards in 2022
• SD-STD-01.01, Rev. H (released in 2020 but to 

become effective this year)
• FE/BR requirements for DoS facilities
• Removed grandfathering

• Requires that all FE/BR products be recertified

• ASCE/SEI 59
• Blast Protection of Buildings
• Update of 2011 version

• ASCE/SEI 76
• Mitigation of Disproportionate Collapse Potential in 

Buildings and Other Structures
• New standard



• Various Government organizations investigating 
ways to get CLT into their infrastructure

• Renewable material / carbon footprint reduction
• Augmented speed of construction
• Innovative use of materials

• Department of Defense
• Potential Usage in Military Construction of CLT Report
• U.S. Army Small Business Technology Transfer (STTR) 

Effort: Modeling and Design Tool for Bio-Based 
Construction Products

• Department of State
• Application of Mass Timber and Climate Resiliency in 

Diplomatic Buildings Effort



• Blast
• WoodWorks Blast Testing
• ISIEMS Test on 7-Ply CLT Panel
• USACE PDC CLT Shock Tube Testing
• UOttawa CLT Shock Tube Testing
• WoodWorks NLT Shock Tube Testing

• Ballistic
• Georgia Tech Ballistic Testing
• Reinforced CLT Development

• Ballistic Testing
• Quasi-Static Full-Size Panel Testing

• Forced Entry
• DOS Forced Entry Test



• 3-year testing program to investigate 
response of CLT and NLT to blast loads

• DoD antiterrorism blast loading 
conditions

• UFC 4-010-01 (pre-2018) 

• Testing performed
• 31 quasi-static panel tests w/o axial load
• 24 quasi-static panel tests w/ axial load
• 7 arena blast tests on full-scale structures
• Can obtain reports documenting testing 

through WoodWorks
• https://www.woodworks.org/learn/mass-timber-

clt/protective-design/

Quasi-Static Testing of 
CLT Panels (2016)

Quasi-Static Testing 
of Axially-Loaded 
CLT Panels (2017)

Full-Scale Blast Testing of 
CLT Panels (2016-2017)

https://www.woodworks.org/learn/mass-timber-clt/protective-design/




W i t h  A x i a l  L o a d

W i t h o u t  A x i a l  L o a d

Grade V1 Grade E1 Grade SL-V4

1’-0” TYP

Structure 
Grade

Roof Floor

V1 4 12

E1 4 8

SL-V4 4 4

No. of Blocks / Structure

Wall panel

2400 lb
concrete 
block



• Where can CLT be 
used in DOD 
construction?

• Based on the 
facility’s Level of 
Protection (LOP)

• Very Low / Low 
LOP: Yes

• Medium / High 
LOP: Must 
exhibit 
Superficial 
Damage (i.e., 
remain elastic)



Wall Type Sections Span
Min. Static 

Material 
Strength

Explosive 
Weight I
Standoff 
Distance

Explosive 
Weight II 
Standoff
Distance

Reinforced Concrete ≥ 6” 12’ – 20’ 3,000 psi 66 16

Reinforced Masonry 8” – 12” 10’ – 14’ 1,500 psi 86 30

CLT 3-ply 10’ – 12’
Grades E1, 
V1, and SL-

V4
90 35

Steel Stud 600S162-43; 600S162-54;
600S162-68 8’ – 12’ 50,000 psi 361 151

1 Table shows proposed conventional construction standoff distances (CCSDs) for CLT assuming a LLOP based on a 
response limit of m < 1.5.  This table has not been reviewed or approved by USACE.

2 Table does not consider openings; localized reinforcement may be required around openings for the CCSDs shown.
3 Assumed COV: 0.40 for Grades V1 and SL-V4; 0.10 for Grade E1
4 Assumed panel density: 35 pcf for Grade V1; 32.5 pcf for Grade E1; 30 pcf for Grade SL-V4 
5 Assumed supported weight: 10 psf



• 7-ply SL-V4 panel
• No. 2 SPF-S in both major and minor 

strength directions

• Blast load: 80.5 psi / 216 psi-ms

• Peak displacement measured in test 
compares well w/ that computed using 
PDC-TR 18-02

• Computed displacement ductility using 
PDC-TR 18-02: 2.93



• 3-, 5-, and 7-ply Grade E1 
specimens

• Specimens hit multiple times 
in some cases if no signs of 
rupture

• Shock tube test reports 
indicate a dynamic increase 
factor of between 1.2 and 
1.35 for CLT

USACE PDC Test 
Setup (@ BakerRisk)

UOttawa Test Setup



• 6 tests on 2x4 and 2x6 NLT (No. 2 or better SPF) 
+ ½” plywood

• Blast loads were selected to induce 0.75, 1.00, 
and 1.25 ductility ratios in NLT panels

• Ductility: ratio of actual displacement response over 
theoretical elastic response

• Doesn’t benefit from 2-way redistribution of 
load like CLT



• Sanborn et al. (2019) performed 122 
ballistic tests on Spruce Pine Fir – South 
(SPF-S) (i.e., SL-V4) and Southern Yellow 
Pine (SYP) CLT tiles of various thicknesses

• ½” diameter sphere projectile

• Indicates UFC 4-023-07 is very conservative 
(for this nose shape)

• Refit UFC equation based on test data for 
SPF-S & SYP (mean squared error = 0.33)

EMBEDDED PERFORATED



–

• Ballistic testing effort indicated feasibility of embedding 
steel plates within CLT panel layup from a cost / weight / 
performance perspective

• 72 tests performed on 18” x 18” tiles

• Varied wood species and non-wood interlayers in 8 candidate 
layups

• DOS ballistic design basis threat (SD-STD-01.01, Rev. G)
• Good adhesion between steel and wood

• Failure in wood fiber rather than at bond line in simple shear tests

ID Description Projectile
M80 M193 M855

1 Baseline 100% 100% 100%
2 All Hardwood 88% 41% 51%
3 Hardwood + Softwood 100% 63% 67%
4 Interlocking + Softwood 100% 100% 100%
5 Thin Plate 85% 63% 78%
6 Fine Mesh 100% 49% 58%
7 Coarse Mesh 84% 59% 65%
8 Thick Plate 61% 43% 72%



–

• 12 tests on 3 different reinforced CLT layups
• Demonstrated feasibility of manufacturing full-scale reinforced CLT panels 

cost effectively
Specimen 1, Northeast Cornerx64 speedup

• Excellent steel-to-wood bond
• Predominant failure mode rolling 

shear
• Significant post-peak ductility even w/ 

rolling shear failure



• 1 test performed on 7-ply panel w/ 
SPF-South laminations in each 
direction (95/8” total panel 
thickness)

• Only known FE test on CLT

• DOS 60-minute FE design basis 
threat (SD-STD-01.01, Rev. G)

• Panel resisted FE attack for over 40 
minutes



• OBO Mass Timber Study 
(2022-2023)

• Blast, FE/BR, Progressive 
Collapse testing to incorporate 
CLT in DOS diplomatic buildings

• Additional Reinforced CLT 
testing (2022-2023)

• Blast testing of panels
• Moisture transport studies



• WoodWorks Protective Design Website

• Protective Design Center-Technical Report (PDC-TR) 18-02
• Analysis Guidance for Cross-Laminated Timber Construction Exposed to Airblast Loading

• Unified Facilities Criteria (UFC) 4-023-07
• Design to Resist Direct Fire Weapons Effects

• Progressive Collapse Strategies



• Repository of information and 
videos related to mass timber and 
protective design

https://www.woodworks.org/learn/mass
-timber-clt/protective-design/

https://www.woodworks.org/learn/mass-timber-clt/protective-design/


• Blast design guidance for CLT for 
structural engineers

• WoodWorks released an overview of 
PDC-TR 18-02

• Considers inherent variation in 
wood and how this impacts blast 
resistance

https://www.nwo.usace.army.mil/Ab
out/Centers-of-Expertise/Protective-
Design-Center/PDC-Library/

https://www.nwo.usace.army.mil/About/Centers-of-Expertise/Protective-Design-Center/PDC-Library/


• Equations to assess 
ballistic response of 
wood panels

• Perforation
• Residual Velocity

https://www.wbdg.org/ffc/dod/unified-
facilities-criteria-ufc/ufc-4-023-07

https://www.wbdg.org/ffc/dod/unified-facilities-criteria-ufc/ufc-4-023-07


• Current UFC 4-023-03 provisions for wood 
structural systems only considers light 
frame construction

• Tie force not typically feasible
• Alternate Path is most common

• Strategies to address progressive collapse 
requirements

• CLT walls act as deep beams
• Continuity plates in beam-column connections 

(e.g., double plate assembly)
• Reinforcement in topping for catenary action

• Research in this area is ongoing

Experimental collapse response of post-and-beam mass timber frames 
under a quasi-static column removal scenario
Lyu et al. (2020)



• CLT connections are 
inherently ductile

• Wood crushing and 
steel yielding are 
primary limit states 
encountered

• Different connection 
types have been 
exposed to blast loads 
via arena testing



Balloon Framing 
Condition

Platform Framing Condition

Base Condition



Designed to develop 
strength of panel and 
remains intact even when 
panel is overloaded



Screw with incorrect 
length (1-1/2” instead of 3-
1/2”) was installed => 
screw withdrawal results 
when panel is overloaded



Designed to develop 
strength of panel, yet 
connection fails when 
panel is overloaded



CANDLEWOOD SUITES
Joint Base Lewis McChord
Photo: IHG – Candlewood Suites



• Designed for blast and progressive collapse in accordance w/ UFC 4-010-01 
(2013 version)

• Building characteristics
• 5 stories
• Load bearing 3 and 4-ply CLT wall panels w/ brick veneer
• UFC 4-010-01 (2013) required panels exhibit a LLOP for the design blast load
• Design blast load

• EWI @ 500’

• EWII @ 50’ <= this combination controls the blast design

• 50’ standoff selected to allow for reasonable blast windows (i.e., see Table C-2 of UFC 4-010-01 
(2020))

• The slides that follow will go through how the typical wall panel was designed 
for blast loading



• Kingery-Bulmash curves for hemispherical (surface) 
burst included as Figure 2-15 of UFC 3-340-02

• Use Scaled Range, Z, to determine positive phase 
reflected pressure, Pr, and reflected impulse, ir

• Blast loads not shown for security reasons

• Construct pressure history
• Equivalent Triangular, Friedlander, Equivalent Exponential 

Decay are popular pressure history forms

Pr
ir

EQUIVALENT TRIANGULAR
PRESSURE HISTORY

• May need to consider the 
following to obtain peak panel 
response:

• Negative phase of blast loading 
for load bearing CLT panels

• Actual shock wave history



• PDC-TR 18-02 Reference: Section 7.1
• Example: Properties for 3-ply V4M1 grade 

panel by SmartLam in ESR-4733
• (EI)eff,0 = 74 x 106 lb-in2/ft
• (GA)eff,0 = 0.41 x 106 lb/ft
• (FbS)eff,0 = 1,800 lb-ft/ft
• Vs,0 = 1,490 lb/ft
• Fc = 1,000 psi



• Transforms ASD reference design values to average expected dynamic values 
• PDC-TR 18-02 Reference: Section 7.2
• Example: SIF for flatwise bending of 3-ply V4M1 panel

• PDC-TR 18-02 Reference: Section 7.2
• DIF is defined as 2 for flatwise bending and shear strengths of CLT panel exposed to blast 

loading

𝑆𝐼𝐹𝑏 = 𝐾𝑐ℎ𝑎𝑟𝐾𝑎𝑣𝑔𝐾𝑠𝑖𝑧𝑒 = 1.30 ∗ 2.05 ∗
11.25

4.125

0.29

= 3.56



• PDC-TR 18-02 Reference: Section 8.2.1
• Example: Ratio of axial stress, fdc, to average expected dynamic compressive 

strength, Fdc, for 3-ply V4M1 grade panel
• Number of stories: 5
• Typical Exterior Wall Tributary Width: 7 ft
• Typical Floor Dead Load: 44 psf
• Typical Floor Live Load: 40 psf
• Typical Floor Height: 12 ft
• Typical Exterior Wall Dead Load: 52 psf

𝑃 = 5 ∗ 7 ∗ 44 + 0.35 ∗ 40 + 5 ∗ 12 ∗ 52 = 5,150 𝑙𝑏/𝑓𝑡

𝐹𝑑𝑐 = 𝑆𝐼𝐹𝑐 ∗ 𝐷𝐼𝐹 ∗ 𝐹𝑐 = 1.68 ∗ 2 ∗ 1000 = 3,360 𝑝𝑠𝑖

𝑓𝑑𝑐 =
𝑃

𝐴𝑝𝑎𝑟𝑎𝑙𝑙𝑒𝑙
=
5150

33
= 156 𝑝𝑠𝑖

𝑆𝐼𝐹𝑐 = 𝐾𝑐ℎ𝑎𝑟𝐾𝑎𝑣𝑔𝐾𝑠𝑖𝑧𝑒 = 1.20 ∗ 1.40 ∗ 1.00 = 1.68

𝑓𝑑𝑐
𝐹𝑑𝑐

=
156

3360
= 0.046 < 0.10 ∴ Axial load does not need to 

be considered when 
computing flatwise bending 
moment strength of panel

PDC-TR 06-08, Section 4-2



• PDC-TR 18-02 Reference: Section 8
• Example: Ultimate resistance, ru, and stiffness, k, of 3-ply V4M1 grade panel

𝐸𝐼 𝑎𝑝𝑝 =
𝐸𝐼 𝑒𝑓𝑓

1 +
𝐾𝑠 𝐸𝐼 𝑒𝑓𝑓

𝐺𝐴 𝑒𝑓𝑓𝐿
2

=
74 × 106

1 +
11.5 ∗ 74 × 106

0.41 × 106 ∗ 1442

= 67.2 × 106 𝑙𝑏 ∙ 𝑖𝑛2/𝑓𝑡

𝑘 = 𝐶𝑎𝑑𝑗_𝐸𝐼 ∗
𝐸𝐼 𝑎𝑝𝑝𝑏𝑤

𝑘𝑏𝑏𝐿
4

= 1.0 ∗
67.2 × 106 ∗ 1

5
384

∗ 12 ∗ 1444
= 1.00 𝑝𝑠𝑖/𝑖𝑛1.00 𝑝𝑠𝑖/𝑖𝑛

𝑀𝑛 = 0.9 ∗ 𝑆𝐼𝐹𝑏 ∗ 𝐷𝐼𝐹 ∗ 𝐶𝑎𝑑𝑗_𝑏 ∗ ሺ𝐹𝑏
ሻ𝑆 𝑒𝑓𝑓 = 0.9 ∗ 3.56 ∗ 2 ∗ 1 ∗ 1800 = 11.5 × 103 𝑙𝑏 ∙ 𝑓𝑡/𝑓𝑡

𝑉𝑛 = 0.9 ∗ 𝑆𝐼𝐹𝑠 ∗ 𝐷𝐼𝐹 ∗ 𝐶𝑎𝑑𝑗_𝑠 ∗ 𝑉𝑠 = 0.9 ∗ 2.6 ∗ 2 ∗ 1 ∗ 1490 = 6.97 × 103 𝑙𝑏/𝑓𝑡

𝑟𝑢_𝑣 =
2𝑉𝑛𝑏𝑤
𝑏𝐿

=
2 ∗ 6.97 × 103 ∗ 1

12 ∗ 144
= 8.07 𝑝𝑠𝑖

𝑟𝑢_𝑏 =
8𝑀𝑛

𝐿2
=
8 ∗ 11.5 × 103

1442
= 4.46 𝑝𝑠𝑖4.46 𝑝𝑠𝑖 Flatwise bending resistance is smaller than flatwise shear 

resistance and thus is the ultimate resistance

𝑋𝐸 =
𝑟𝑢
𝑘
=
4.46

1.00
= 4.46 𝑖𝑛4.46 𝑖𝑛



• Example: Mass for 3-ply V4M1 grade panel w/ brick veneer (40 psf)
• Specific gravity (SG): 0.36 (Spruce-Pine-Fir (South) lumber plies in both directions) (2018 NDS, 

Table 12.3.3A)
• Moisture content (MC): 12% (ANSI/APA PRG 320-2019, Section 6.1.5)

• Because single degree of freedom (SDOF) analysis implicitly assumes all mass and 
load is “lumped” at the DOF of interest, an equivalent mass must be determined 
since the mass (and blast load) is distributed over the length of the member.  This 
is done via the load-mass transformation factor, KLM.

• UFC 3-340-02 provides tables with KLM factors

𝑚 = 𝑚𝑝𝑎𝑛𝑒𝑙 + 𝑚𝑣𝑒𝑛𝑒𝑒𝑟 = 156 +
40

144 ∗ 3.86 × 10−4
= 876 𝑝𝑠𝑖 ∙ 𝑚𝑠2/𝑖𝑛

𝑚𝑝𝑎𝑛𝑒𝑙 =
𝑆𝐺 ∗ 𝐴𝑤𝑜𝑜𝑑 ∗ 𝛾𝑤𝑎𝑡𝑒𝑟 ∗ 1 + 𝑀𝐶

𝑔
=
0.36 ∗ 4.125 ∗ 0.0361 ∗ 1 + 0.12

3.86 × 10−4
= 156 𝑝𝑠𝑖 ∙ 𝑚𝑠2/𝑖𝑛

= 876 𝑝𝑠𝑖 ∙ 𝑚𝑠2/𝑖𝑛



• Solve Newton’s second law of motion to determine 
the peak displacement, umax, of the panel

• Common to ignore damping (velocity) term in blast design

• Potential means of solving differential equation
• UFC 3-340-02 charts (e.g., see right)
• Fast running tool (e.g., SBEDS, BlaSDOF, etc.)

𝑝 𝑡 = 𝐾𝐿𝑀𝑚 ሷ𝑢 𝑡 + 𝑓𝑠 𝑢, ሶ𝑢, 𝑡

Pressure history

Equivalent mass Resistance function

umax = 1.95”

𝑇𝑁 = 2𝜋
𝐾𝐿𝑀𝑚

𝑘
= 2𝜋

0.78 ∗ 876

1.00
= 164 𝑚𝑠

Natural period 
of panel

164 𝑚𝑠



• PDC-TR 18-02 Reference: Section 10

• Example: Primary component (i.e., load bearing wall) must exhibit moderate 
damage (i.e., less than the B2 response limit in PDC-TR 18-02) to achieve a low 
level of protection (LLOP)

𝜇 =
𝑢𝑚𝑎𝑥

𝑋𝐸
=
1.95

4.46
= 0.44 < 1.50 ∴ 𝑂𝐾



• Many high-security facilities that would benefit from strong, panelized, 
environmentally friendly building material option

• Government (DoD infrastructure, embassy)
• 911 Call Centers
• Courthouses

• Mass timber has inherent blast / forced entry resistance
• Two-way action of CLT helps to distribute load, and thus minimize peak response at highest 

applied load
• NLT does not share this benefit

• Connections for mass timber systems can be easily designed to exhibit ductile 
response (i.e., steel yielding, wood crushing)

• This contrasts with other modular systems (e.g., precast concrete)

• Ballistic resistance of wood is poor
• Reinforced CLT helps overcome this shortcoming
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