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Course Description

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.



Learning Objectives

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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HEAVY TIMBER MASS TIMBER

Federal Center South, Seattle, WA Bullitt Center, Seattle, WA
Photo: Benjamin Benschneider Photo: John Stamets




Glue Laminated Timber (Glulam) Cross-Laminated Timber (CLT) Cross-Laminated Timber (CLT)

Beams & columns Solid sawn laminations SCL laminations




Dowel-Laminated Timber (DLT) Nail-Laminated Timber (NLT) Glue-Laminated Timber (GLT)

Plank orientation

Photo: StructureCraft Photo: Think Wood Photo: StructureCraft
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s What is CLT?

3+ layers of laminations
Typically Solid Sawn Laminations
Cross-Laminated Layup

Glued with Structural Adhesives Thickness

3to 20 inches*

Max Length A ¢S
24 to 64 feet* 77 W Max Width

4 to 12 feet®

*All dimensions are approximate.
Consult with manufacturers




s Common CLT Layups

3-ply 3-layer
Most Designs _|
Least $/sf
5-ply 5-layer
7-ply 7-layer
9-ply 9-layer
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7-ply 5-layer

9-ply 7-layer




=== Model Building Code Acceptance

2015 International Building Code




North American CLT Product Standard

ANSI/APA PRG 320-2018

AAAAAAAAAAAAAAAAAAAAAAAA

Standard for Performance-Rated -
Cross-Laminated Timber -

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
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mwm CLT Product Reports mssssssssss

CLT Grade Layup Panel Properties
(basic or custom)

roduct Report® PR-L319
d August 15, 2017 Page 3 of 5
1. able Design Properties'® for inations Used in SmartLam CLT (for Use in the U.S.
Major Stren Minor
CLT Grade Foo Eo Fuo Fuo Fuo Faso Ew Fuo ) Fasc
) (10® psi) (psi) (pst) {psi) (ps!) (10 psi) {psi) ! (psi)
SL-v4 175 1.1 350 135 45 175 11 | 350 i 45
PonSL_LaerZ 0.006895 MPa
@l Tabulated values are allowable design value litted to be increased for the lumber flat use or size factor h the NDS. The
d‘ﬂﬂlﬂr‘ wvaliiae ehall ha vead in FAanhinelan w arnnartise rrnuidad bu tha O T manidachrsr haead an th wrd in
manul
| |
Table 2. Anowapie Uesign Lapaciues'™ 1or SmariLam taianceag UL (1or use in e U.S.)
Lamination Thickness (in.) in CLT Layup Major Strength Direction Minor Strength Direcbion
CLT | La i El Eln
yup ness FiSes | GAas FeSem * | GAax
Grade | # - e | 2| =1l =]2s]=1]1 = o | US e | Voo o | U] e | e
(in.) . : . - o | o | | ()
b | am | W M| o | P
Jat | 498 |138 | 138|138 ' 1800 | 74 041 | 1430 | 245 20 | 041 | 495
4man | 512 138 15 | 138 IR 2925 | 161 | 049 |17a0| o75 | 23 | oss | %0
Sall | 678 | 138|138 | 138 ] 138 | 138 | 4150 | 286 | 083 | 1980 2120 | 74 | 083 | 1.430
smax | 678 | '3[ 138 1) | 5150 | 355 | 14 |2460| 245 | 29 | 0s6 | 495
omaxx | sya [ 13015810 7200 | 56 | 12 |2ss| o5 | 2 | 13 | e0
N4 - — = -
* 7-all 958 |18 |138)138 138|138 ]138]138 1325 707 1.2 | 2500 | 4825 | 283 1.2 | 1.560
T _samuw [« -] 13‘3 41 %% 1 %58 1 %% Im [ a A998 G q4 7 o WY 5 4790 T4 1 % q A"




NEW MASS TIMBER DESIGN MANUAL

10+ new case studies, technical
resources, Q&A and more. Links
directly to many additional
resources.

Jointly Produced By:

H WOODWORKS"

WOOD PRODUCTS COUNCIL

W

THINK
WOOD.

https://info.thinkwood.com/masstimberdesignmanual



https://info.thinkwood.com/masstimberdesignmanual

Construction Types

Allowable mass
timber building size
for group B
occupancy with NFPA
13 Sprinkler

Type lll: 6 stories

Type |V: 6 stories

Type V: 4 stories



BUILDING CODE APPLICATIONS | CONSTRUCTION TYPE

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

Office - 270 ft. .
Assembly (18 stories)
Residential —|
Office
Mercantile Assembly il (1182036 rles)
(12 stories) — Residential |
Office _— — 85 ft. :
Mercantile (9 stories) —| & (9 stories)
(8 stories) — Residential —
(8 stories)
Assembly —
Mercantile
(6 stories)
Type IV-A Type IV-B Type IV-C




Current State of Mass Timber Projects

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.

A

WOODWORKS

sesion Date
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Year of Construction Date
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BUILDING CODE APPLICATIONS | FIRE RESISTANCE
Table 16.2.1A Char Depth and Effective Char

Depth (for [}» = 1.5 in./hr.)
Mass Timber’s Fire-Resistive Performance is Well- , _ Char Effective Char
Tested, Documented and Recognized via Code Required Fire |  Depth, Depth,
, Resistance A char N
Acceptance (hr.) (in) (in)
|-Hour 1.5 1.8
12-Hour 2:1 2.5
2-Hour 2.6 32

Source: AWC’s NDS

Cold wood Cold wood
Heatled zone Heawed zone
Char layer Char layer

Source: AWC’s TR 10
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COMPARATIVE STRENGTH LOSS OF WOOD VERSUS STEEL MASS TI M BER DESIGN
100

FIRE RESISTANCE

90

25% loss @

80 - 30 minutes

70 -

60 -

50% loss

. 1020°F

40 -

30 - STEEL

90% loss @
30 minutes

20 - .
1380 F

10 -

0 1 | | |

10 20 30 40

TIME (MINUTES)
Results from test sponsored by National Forest Products
Association at the Southwest Research Institute

SOURCE: AITC



KEY EARLY DESIGN DECISIONS

Inventory of Fire Tested MT Assemblies

Table 1: North American Fire Resistance Tests of Mass Timber Floor / Roof Assemblies
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Mass timber design
Acoustics — IBC 1207

No acoustical code requirements for many mass timber building types such as
offices and assembly. However, many owners require a minimum level of
performance

r’
Code requirements for residential occupancies:
Min. STC of 50: _ |

« Walls, Partitions, and Floor/Ceiling Assemblies

2015 wrssmanona.

4

Min. lIC of 50 for:
* Floor/Ceiling Assemblies

Buliding Code

s Rl e
:

INTERNAIONAL
[ I coonct




Mass timber design

Acoustics

Sound Insulation of Bare CLT Floors and Walls

Examples of Acoustically-Tested Mass Timber Panels

Mass Timber Panel

Thickness

STC Rating

lIC Rating

3-ply CLT wall* 3.07 33 N/A
5-ply CLT wall* 6.875 38 N/A
&.aiv CLT flanc 51874 20 29

/-ply CLT floor*

h-D " CLT floor 6.875 47 25
9.65 44 30

2x4 NLT wall®

3-1/2" bare NLT

4-1/4" with 3/4° plywood

29 with 3/4" plywood

24 bare NLT

2x6 NLT wall®

5-1/2" bare NLT

6-1/4" with 3/4" plywood

with 3/4" plywood

22 bare NLT

N/A

2x6 NLT floor + 1/2" plywood?

6" with 1/2° plywood

34

L0
(.3
()

Source

inventory of Acoustically-Tested Mase

Timber Assomblies, WoodWorks’



Mass timber design

. Acoustics
Common mass timber

floor assembly:
* Finish floor (if applicable)

« Underlayment (if finish
floor)

« 1.5"to 37 thick
concrete/gypcrete topping

* Acoustical mat
« Mass timber floor panels

Image credit: AcoustiTECH



Table 1: CLT Floor Assemblies with Concrete/Gypsum Topping, Ceiling Side Exposed

Mass timber design

)4

Finish Ficar if Apnlicable —0—9m 8 —————

ConcreteGypsum Topping — oo b

Arausticsl Mal Product

LLT Fansl
to direct applisd oo hung celing = I I I I I I I
CLT Panel | Concrete/Gypsum Acoustical Mat Product Between CLT and Topping Finish Floar sTC! nct Source
Topping
C:;;,T* 3" concrate Maxxon Acousti-Mat® 3/4 Hone 537 ASTC 457 FIIC 72
None 54 LL 4]
VT on GenieMat RSTOS 53 48 ag
" concrete Pliteq GeniohMat™ FF25 Eng Wood on Geniehtat c3 46 91
RSTOS
Carpet Tile 52 50 a2
None 57 45 103
T - 58 104
2 layers of X7 USG
S . Fiberock™ on Kinetics® 55 55 105
. 3717 "
Kinetics® RIM-33L-2-24 System with %" Plywood Soundmatt
CLT 3-ply L¥T on 2 layers of %"
[4.1257) USG Fiberock® an 59 106
" Kinetics® Soundmatt
3 conerete None 57 46 107
VT - 55 108
2 layers of X7 USG
. . . ) ) Fiberock™ on Kinetics® 57 53 108
L]
Kinetics® Ultra Quiet SR with synthetic roofing felt Soundmatt
VT an 2 layers of XY
USG Fiberock® an 50 110
Kinatics® Soundmatt
4" concrete Kinetics® RIM-33L-2-24 System with %" Flywood | Wone | (] [ sa | 1

Acoustics and Mass Timber:
Room-to-Room Noise Control

Acoustics

g1 WoodWorks

WOOD PRODUCTS COUNCL

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

SECONDARY B Carbon Reductions
DRIVERS » Structural Performance —

lightweight

Image Credit: Structure Fusion



Mass timber appeal

Reduced construction time

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

Brock Commons, Vancouver, BC
Source: naturally:wood®




ESTIMATED ENVIRONMENTAL
IMPACT OF WOOD USE

S
P C
|
—

v

THE ABOVE GHG EMISSIONS ARE EQUIVALENT

*Estimated by the Wood Carbon Calculator for Buildings, based on research by Sathre,

R

and J. O’Connor, 2010, A Synthesis of Research on Wood Products and Greenhouse Gas
Impacts, FPinnovations (this relates to carbon stored and avoided GHG).

*C0O2 in this case study refers to CO2 equivalent

Volume of wood products used:
2,233 cubic meters of CLT and Glulam

U.S. and Canadian forests grow this much wood in:
6 minutes

Carbon stored in the wood:
1,753 metric tons of CO,

Avoided greenhouse gas emissions:
679 metric tons of CO,

Total potential carbon benefit:
2,432 metric tons of CO,

511 cars off the road for a year

Energy to operate a home for 222 years

Source: Naturally:wec

f; hmzﬁum;:mmmw‘
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MASS TIMBER APPEAL

MATERIAL MASS

79% LIGHTER WEIGHT THAN CONCRETE




Mass Timber: Structure Often is Finish

;1
e) 4
) ]

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




Higher Material Cost | Lower Construction Costs
m Project Overhead ‘»
m Equipment

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

ource: Swinerton



Factors relevant to the cost conversation:

e 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
M dSSs TI M be I * Smaller seismic forces & foundations =
potential savings
COStS  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

e Labor costs are lower




NEW MASS TIMBER BUSINESS CASE STUDIES

The ICE Blocks: Mass Timber Development

- Sacramento Market
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The ICE Blocks: Qualitative Overview

Distinctive interiors attract quality tenants at competitive rents

Mass Timber Business Case Study

The lCF Blocks

Sacramento, CA

Developer

’ Heller Pacific

Case Study by:

wpit £

CONRAD

Download online at

www.woodworks.org/mass-

timber-business-case-studies

£y WoodWorks"

WOOO0 FPRODUCTS COUNCH

Includes financial return
performance data on mass
timber projects

Developers share lessons
learned, challenges and
successes


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

The Canyons VE Exercise

Total Change to Light Framing

« TOTAL BUILDING COST SAVINGS save $278,600

Value Lost

» Ceiling height reduced 6” or building height decreased by 30”
Potential to loose a floor. We are at max height limit.
Loss of exposed wood ceilings.
Lower lease rates
Market differentiation

Building Value vs
Building Cost.

The Canyons — CLT vs Light Framing




Schedule Impact on Cost | Value of Time

n pm F . —
A'large-scale MT project can be up to 2% hlgher in direct

costs, but a minimum of 20% lower in project overhead costs.
he net result is Cost neutrality and higher value

Source: Swinerton
Photo: Alex Schreyer

&1
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Current Protective Design Requirements

* 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:
e Blast
 Ballistic
* Forced Entry
* Progressive Collapse

* Many Government entities have some form of
protective design requirements




Antiterrorism Criteria

* Following 9/11, most federal agencies instituted SRR

protective design requirements for antiterrorism AR Fon BTN 2021
* Department of Defense 0 OBO
« UFC4-010-01 BUILDING

CODE
e Department of State -

* OBO Building Code
e SD-STD-01.01

* Department of Veterans Affairs

* Physical Security Design Manual

e Other Non-Military Federal Government

* Interagency Security Council Risk Management Process

e Other non-federal agencies also have

Physical Security

. Design Manual
requirements, e.g.:

% g
The Ris
Management Process

An Interagency Security Committes
Standard

* Judicial Council of California

For VA Mission Critical Facllities

* New York City Port Authority




Recent Developments

* 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

UNIFIED FACILITIES CRITERIA (UFC)

DoD MINIMUM ANTITERRORISM
STANDARDS FOR BUILDINGS

Table B-2 Conventional Construction Standoff Distances

[
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Recent Developments

 Planned release of new standards in 2022

e 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
e Update of 2011 version

» ASCE/SEI 76

* Mitigation of Disproportionate Collapse Potential in
Buildings and Other Structures

e New standard

......................




Recent Developments

Department of Defense

Potential Usage in Military Construction of
Cross-Laminated Timber (CLT)
A Next Generation Mass Timber Construction System

July 2021

Office of the Assistant Secretary of Defense
for Sustainment

The sutimated cout of this report o= smdy dfor the Departmsat of Dedecw
sppoomanately 32 540 foc the 2071 Facal Year This mclodes 50 o expenies
sod 52,500 in Dol babar

Gensrated zo 202 IMay25 RefiD: A-BISFEDS

* 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

e 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



Protective Design Applied Research for Mass Timber
Overview

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

 Ballistic
e Georgia Tech Ballistic Testing
e Reinforced CLT Development
* Ballistic Testing
* Quasi-Static Full-Size Panel Testing
* Forced Entry

e DOS Forced Entry Test




WoodWorks Blast Testing

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

,'».'
q’wﬁ: f*,'

QuaS| Statlc Testlng of
CLT Panels (2016)

* DoD antiterrorism blast loading
conditions

: o'(SCC £t  UFC 4-010-01 (pre-2018)

TR IR S e TR SRR e T
N - mg‘ L

e oy .

T eeeie o ¢ Testing performed
Pt e

Quasi-Static Testing

of Axially-Loaded

CLT Panels (2017)

* 31 quasi-static panel tests w/o axial load
» 24 quasi-static panel tests w/ axial load
e 7 arena blast tests on full-scale structures

e Can obtain reports documenting testing
through WoodWorks

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



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

Mass Timber Structures Can Be Designed to Efficiently
Resist Blast Loading

AIRFORCE CIVILENGINEER CENTER

Blast Resistance of Cross-Laminated Timber Construction
Full Scale Validation #3
High Speed Camera - V1 View
October 13, 2016
Tyndall AFB, FL

MEX®] THE UNIVERSITY OF

_ ..’fg WoodWorks" MAINE

WOOD PRODUCTS COUNCIL

DISTRIBUTION A Approved for public release; gsstribution unlimited




Axial Load Impact

W ith A xial Load

Wall panel

1-0” TYP

2400 Ib
concrete
block

No. of Blocks / Structure
et
Grade
. YAl 4 12
E1 4 8
4 4

W ithout A xial Load



Summary of WoodWorks Blast Testing Results

e 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)

3.00
2.75
2.50

2225
>

= 2.00

me

3 1.75

21

T 150

£

& 125

s

A 1.00

wn

o 0.75
0.50
0.25

0.00

HAZARDOUS

co—

MODERATE

SUPERFICIAL l. |

TEST 2/4/6 TEST1 TEST XS  TEST 24/6 TEST7 TEST 3/5 TEST 7
SIDE FRONT SIDE FRONT SIDE FRONT FRONT
(BPSI/16 (BPSI/20 (5PSI/33 (BPS1/33 (BPSI/60 (13PSI/65 (26 PSI/130
PSI-MS) PSI-MS) PSIMS) PSI-MS) PSI-MS) PSI-MS) PSHMS)

Test No. / Wall Orientation / (Positive Phase Airblast Load)

= 3-ply V1
3-ply SL-V4

u 3-ply E1

» 5-ply V1



Load Bearing Wall Comparison from a Blast Perspective

Explosive | Explosive

Wall Type MI\;Ir;tZ:?:IlC Weight | Weight Il
P Streneth Standoff Standoff
& Distance Distance
Reinforced Concrete > 6" 12’ - 20’ 3,000 psi 66 16
Reinforced Masonry 8" —12" 10" - 14’ 1,500 psi 86 30
Grades E1,
CLT 3-ply 10’-12’ V1, and SL- 90 35
V4

6005162-43; 600S162-54;
6005162-68

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

Table does not consider openings; localized reinforcement may be required around openings for the CCSDs shown.
Assumed COV: 0.40 for Grades V1 and SL-V4; 0.10 for Grade E1

Assumed panel density: 35 pcf for Grade V1; 32.5 pcf for Grade E1; 30 pcf for Grade SL-V4

Assumed supported weight: 10 psf

Steel Stud 8 —-12 50,000 psi 361 151

u b WN



[SIEMS Test on 7-Ply CLT Panel

e 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




USACE PDC / UOttawa CLT Shock Tube Testing

S— i g |

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

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

e Shock tube test reports
indicate a dynamic increase
factor of between 1.2 and shornglsck—| | %[
1.35 for CLT "

' tawé Test §etui3

™ ~
I | Strong floor
— Shock tube

; Load transier beam

NL, : Group NLC
T ji{ | H £
LVOT < | ¢ HIL

it ‘ ) S—

g@ H g

T GrowpLC

Reachon load —{-+

cell '} |
4 =R T 4
Slab on —, ’ J /
\ | L } + —

grade \




WoodWorks NLT Shock Tube Testing

900 x 700 / 500 fps {272 ks ||

* 6 tests on 2x4 and 2x6 NLT (No. 2 or better SPF) e S8 VYRR
+ %" plywood |

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

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

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




Georgia Tech Ballistic Testing

a) EMBEDDED b) PERFORATED

e 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

Stking Vekaty. v, () * %" diameter sphere projectile
“‘;‘-s;pF.'s;";";""
sofF * SYP
S — B
gm;_ RS 1z * Indicates UFC 4-023-07 is very conservative
5ol - § (for this nose shape)
§10§- "’0:":.::. » - = - E
o R e
j ot T PO * Refit UFC equation based on test data for
SR SPF-S & SYP (mean squared error = 0.33)

International Journal of Impact Engineering 128 (2019) 11-23



Reinforced CLT - Ballistic Testing

 Ballistic testing effort indicated feasibility of embedding
steel plates within CLT panel layup from a cost / weight /
performance perspective 3990° (M)

3.597" (C)
(M183)
Poitis - E8S

» 72 tests performed on 18” x 18" tiles

* Varied wood species and non-wood interlayers in 8 candidate o
layups
e 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 s ba

1.3917 (C)
(M355)

.« —»
Projectile

Description M80 M193 MS855
Baseline S

All Hardwood (THIN PLATE)

Hardwood + Softwood
Interlocking + Softwood

O|INO | [WIN|—

Thin Plate 78%
Fine Mesh

Coarse Mesh
Thick Plate 61%




Applled Load (Ib)

Reinforced CLT - Quasi-Static Bending Testing

e 12 tests on 3 different reinforced CLT layups

* Demonstrated feasibility of manufacturing full-scale reinforced CLT panels
cost effectively

Excellent steel-to-wood bond

Predominant failure mode rolling

shear

* Significant post-peak ductility even w/
rolling shear failure

Layup #2 - SYP_Major

x64 speedup

Specimen 1, Northeast Corner



DOS Forced Entry Test

* 1 test performed on 7-ply panel w/
SPF-South laminations in each
direction (9°/;” 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




Ongoing Testing

 OBO Mass Timber Study
(2022-2023)

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

e Additional Reinforced CLT
testing (2022-2023)
 Blast testing of panels
* Moisture transport studies




Available Design Aids

* WoodWorks Protective Design Website

e 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



WoodWorks Protective Design Website

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

Blast, Ballistic and Forced Entry Test Reports

_

Results from Phase 2 Blast Tests of Full-Scale CLT
PVl Structures
Research

Quasi-Static Out-of-Plane Testing of CLT and NLT Panels

Final Accomplishment Report
Research

Research

Results from Blast Tests of Full-Scale CLT Structures

Reswsrch

Development of a Cost-Effective CLT Panel Capable of
Resisting DOS/DOD Design Basis Threats - Final Report

Ressarch

High-Fidelity Physics-Based Modeling of CLT
Heseasch

N

Blast-Resistant Testing for Mass Timber Exterior Walls -

Leam Tools Events A Award Gallety Why Wood? About

WOODWORKS

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

Blast & Forced Entry/Ballistic Protection

Bulldin gs that house oritical assets often have 1o meet blast as wall as

tance (FE/BR) design requirements

mitigate the hazardous offects associatod with lorrorium

forced antry/ballistic res
Historically

these bulidings have been comstrucied using concrate and steel A

SIgNficant amount of testing has been parformed 10 demonstrate the

ability of these buliding mateials 10 resist blast and FE/8R thyests

Fewer 1ests have Deen Performed on wood COnsStrucbon 107 simdlar
threats. At least part of this stems from the relative difficulty of
desioning hght-frame wood construction 10 resist these thveats

oMiciently and economically.

HOWevet. The smied Qe

g tirnber (CL

Nt

esents an oppornt
aftermative t

The

nd € Ons innactions for CLT pancis
yincally resist of steel and timbe ments, ductile anergy-absorting
PSR LTS WA WO DT UV 5 IO F RS IR


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

PDC-TR 18-02

Analysis Guidance for Cross-Laminated Timber Construction Exposed to Airblast Loading

PDC-TR 18-02 https://www.nwo.usace.army.mil/Ab

Septamber 2018
out/Centers-of-Expertise/Protective- o . .
Desian-Center/PDC.Library/ Blast design guidance for CLT for

Protective Design Center Technical Report structura | en gl neers

Y WoodWorks * WoodWorks released an overview of
WOOD PRODUCTS COUNCIL PDC_TR 18_02

US Army Corps
d!!&"fv"'a

Analysis Guidance for Cross-Laminated Timber
Construction Exposed to Airblast Loading

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

Analysis Guidance for Cross-Laminated Timber

|

Construction Exposed to Airblast Loading

BRI bvuhuy 0.1
e e o —— Grade E1
Pooae etk —— Grade V1
Mean Test f, , Grade V4
rhatat\ wrGAr- 0.08 Value = 4,900 psi = + = =
s S —
e ol g TPreret i 3
o Susteimatibty c 006 Mean Test f,,,
i g PRG 320 5% 1., 47 Value = 4,500 psi
' M""m o Value = 4,095 psi A s
Prepared for 1 e o 13 (e Irsats by @ \ -
USACE Protective Design Center RS NG ERONS D0 SLE e uw " X v
Omaha District ¢ Job creadion - Tha manlectes of CLT requess shile The Purpose of POC-TR 18-02 ® 0.04 PRG 320 5% fa s ‘
ASARLS SRS Rta b A prolieease AT: i fromectorn (5007 tymarre sret = Value = 1,630 psi N 1 Mean Test
AT ;= ' \ K “ Value = 5,500 psi
PR 2 \  PRG 320 5% fy, -1 ’
(nagmETial o ‘\ Value = 1,800 psi 7%
Conetrustatviity v v ¥ ’
" > ¢ D0ved LBING ey 1) #xtok ST tYDE E3Temet Seeed 1o0nRe seth fece U ’
DISTRIBUTION STATEMENT A: mtadotin oot et Mt s Bt e O lowatd 0.02 I
Approved for public release: Distribution Unlimited. LTRe 1€ Moot 2 et 10 Neve I
! i 9 )
O
I
0 11 1 il
etk hopshamndrdoens oot oyt s =y 0 2000 4000 6000 8000 10000 12000
o i Y € P T ot Y v am mupens snr e Bending Strength [psi]



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

UFC 4-023-07

Design to Resist Direct Fire Weapons Effects

https://www.wbdg.org/ffc/dod/unified-

* Equations to assess
ballistic response of
wood panels

* Perforation

facilities-criteria-ufc/ufc-4-023-07

Table 5-5 Woeod Propertles

* Residual Velocity [ spaces Densily (1bs 1) | Hardness {pounds)
| Pine Diry 25 387
Wel |30 B '
Maphy Dy A5 769
e W0, 40 2
Grgon Dak | ory Lo 281
k yied o5, t21
Equation &1. Wood Thickness to Prevent Projectile Perforation Marmna Dry 137 L.
| phwecd Wied 3 8.8
| | Daisa " BE 21
k el _'9 L L%
lI_l:- +IH“:| 45T Fir plhyvenod Diry 3 75
Iy =3837 1T b Wed 130 i)
' . Fackory Giry 1] 148
A = | H | . Wel |55 635
Wherne Equation 6-2. Residual Velocity from Wood Target

T = Mwckness of wood necassany e prevend peraratian (in)

v = progecide impact veloody (1] (ronsenahvely vee muzaie valpody m Appendis { I P e
i = firyactie wewphl (The) (see Anpandr O o ,] 1..-.._[ . | |
0 = progeciie dameder (w2l J \ T |

o= el dienaity (a3l fsee Tabls 5.5 g
H = wood hamdnecs (Ihs) (see Tabwe 5-5) Whers

Ve = FESElual velociTy ()
= actual fargal iWckmass fin)

UFC 4-023.07
7 July 2008
Change 1, 1 February 2017

UNIFIED FACILITIES CRITERIA (UFC)

DESIGN TO RESIST DIRECT FIRE
WEAPONS EFFECTS

APPROVED FOR PUBLIC RELEASE; DISTRIBUTION UNLIMITED



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

Progressive Collapse: State-of-Practice

e 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

Column plates (2 pair)

LVL column,_

Beam plates (1* pair),
‘hree rows of six dowels

kYL bcalmb_\. P ‘ One row of six bolts

. . o ; s

¢ Strategles to address progressive COIIapse RS : S

. CPSE . ~

requirements / §
Spacers® “Two rows of eight dowels
e CLT walls act as deep beams .
e Continu ity plate s in beam-column connections Experimental collapse response of post-and-beam mass timber frames
under a quasi-static column removal scenario
(e.g., double plate assembly) Lyu et al. (2020)

e Reinforcement in topping for catenary action

e Research in this area is ongoing



Connections

* 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

This Index Is a compllation of connections used In mass timber

WO Od WO rks | n d ex Of construction, Mass timber elements are solid wood pleces with inherent

fire resistance dua to thelr mass, as defined in the 2021 International Bullding

M a SS T | m be r C O n ne Ct l O n S Code (IBC), Examples of mass timber Include but are not limited to cross-

laminated timber (CLT), dowel-laminated timber (DLT), nall-laminated tmber

(NLT), glus-laminated timber {GLT), mass plywood
panels (MPP), and structural composite lumber
{SCL) products such as laminated venear lumber
(LVL) and laminated strand lumber (LSL), Mass
timber can be usad as structural floors, rools, walls,
columns andfor beams. The examples in this index
lustrate 8 beoad spectrum of connections for use
in mass timber construction. Depending on the
unique constraints of sach project, the connection
choice mada by the dasigner may be intluenced

by aesthetics, load carrying capacity, fire-rating
requirements, quakty assurance requirements, cost
andfor constructability. The purpose of the index

Is 10 tacilitate the designer's selection of project-
appropriate connections

Tha index Includes structural and architectural
connections craated for WoodWorks by KL&A
Engineers & Bullders and Oz Architecture

in cooparation with Swinerton Builders. For
information on these firms and theer mass timbar
projects, follow the links above 1o view ther profiles
on the WoodWorks Innovation Network.

FREE PROJECT SUPPORT | EDUCATION | RESOURCES

For fres technical assistance ralated to mass timber connections, or any aspect of the design, enginesring
or construction of a commercial or multi-family wood building in the US_ visit woodworks org 1o contact
the WoodWorks Regional Director nesrest you or emuil halp@woodworks org

£ WoodWorks’

WOOD PRODUCTS COUNCIL



Examples of CLT Connections Exposed to Blast Loading

Balloon Framing

Condition
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."ll I"'. e
I'|I III'I
‘ll:l
A\ PRE-FABRICATED
- ANGLE BRACKET @ 8" 0.C.
(SEE 6/52-3.1)
L
N e
—l=r- (E) CLT ROOF
| 5 ’ ]
5@ x T LG .
16 X 1g £
SCREWS @5 0.C. - | =
)\ \ .'f
50 xB 16—~ 8l
SCREWS@5'0C. / y\\ g &z
,."! [ o
&.-’ Wi
f \/ .
| I‘I X F
| i u
f
4 [ Iy D
—
I
AR (E} WOOD LEDGER
\ [ CLT WALL

Platform Framing Condition

%e"0 x334" LG SCREWS — |

@3% oc.

/— (E) CLTFLOOR

_—— CLTWALL
_—— PRE-FABRICATED ANGLE
P BRACKET @ 8" O.C.
i (SEE 6/52:3.1)
/
el L
N
z" |
N

T %g0 54 LG SCREWS

@3%"o0c.

S— CLTWALL

Base Condition

'-\ I ] 74
)
CLT WALL
| e |
/‘ x 2 Pis e & -
Ak

/ 7 ‘

DETAIL B-B V

————— - (E) LTx4x%" CONT (RE-USED)

\ . 5 x 4" wl
1" CONT STRIP BLOCK OUT —. gl xéﬁmg; ﬁeﬁ%ﬁgewg g
(SEE DETAIL B-B) === "STAGGERED .
! ATFF = =
(E) %" @ POST-INSTALLED — ‘ j
ADHESIVE ANCHOR W/ STD. | Wl .
WASHER & 6%" CONC SLAB el 1 . Gl
EMBEDMENT @ 6° 0.C T — S
S f
||
',I - _
3'2 \_\_, !
e
l‘ -




Post-Test Observations: The Good

—

/ CLT WALL

PRE-FABRICATED ANGLE
BRACKET @ 8" O.C.
(SEE 6/S2-3.1)

| (E) CLT FLOOR
e / /

! N

iy, e Designed to develop

= - : strength of panel and
remains intact even when
panel is overloaded




Post-Test Observations: The Bad

/ CLT WALL

PRE-FABRICATED ANGLE
BRACKET @ 8" O.C.
(SEE 6/S2-3.1)

,ﬁ (E) CLT FLOOR
f

—

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




Post-Test Observations: The Ugly

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

L
& AN /
v 41 ;
/ \\ %6"D x5%" LG SCREWS
@3%"0.C.
Mk CLT WALL
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Case Study Overview

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

* Building characteristics
* 5stories

* Load bearing 3 and 4-ply CLT wall panels w/ brick veneer
 UFC4-010-01 (2013) required panels exhibit a LLOP for the design blast load
e Design blast load

« EWI @ 500’

« EWIl @ 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))

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



Blast Design Example
Step 1: Determine Design Blast Loads Using Kingery-Bulmash Curves

UFC 3-340-02
5 December 2008

 Kingery-Bulmash curves for hemispherical (surface) Ghange 2.1 September 2014
burst included as Figure 2-15 of UFC 3-340-02 T T e lo
e Use Scaled Range, Z, to determine positive phase ;%
reflected pressure, P, and reflected impulse, i, -
* Blast loads not shown for security reasons s
* Construct pressure history o
e Equivalent Triangular, Friedlander, Equivalent Exponential -

Decay are popular pressure history forms

* 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

005
003
EQUIVALENT TRIANGULAR o

PRESSURE HISTORY 001

0005
01 02 03 0507 1 2 3 45676810 20 30 4050 70 WO
Scaled Distance Z = R/W'°




Blast Design Example
Step 2: Get Panel Stiffness and Strength Properties from APA Report

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

panel by SmartLam in ESR-4733

* (GA).4=0.41 x 106 Ib/ft
* V,,=1,490 Ib/ft

F.=1,000 psi

TABLE 4—ASD REFERENGCE DESIGN VALUES FOR SMARTLAM BALANCED CLT FANELS'

e L PR

e

T s e

THICKMESS MAJOR STRENGTH DIRECTION MINOR STRENGTH I:HE::THJH
] i
THISHE | e fin) Tfkm'f [Lﬁjqb'll;- ﬂ?:lla*? Vi t:f:ﬁr ::E:[hll'.ll:. ﬁﬂ'&"" I:II;II;"IFT]
"y I i L)

3 alt 4, 1,800 74 0.41 1.490 45 26 a1 T

" dmanx 5% 2825 161 048 | 3180 B75 o a5 50

Sal o'l 4,150 286 083 | 2480 | 2120 74 [ 1,450

_‘;-;I-'.Iﬂ E:J.. 5150 65 [1]=1] ;l;éﬂ oL 5‘; _EI-IB L]

P f-maon 8% 7,200 L a3 29T5 a5 3 a3 S50
7.a0 @, 705 Ta7 12 1475 | 4875 208 12 2,430

 Fmanx i, a4k ) 12 34TH 2120 4 0% 1450

ES

Joint Evaluation Report

oL

ESR-4733

Issued Decerntey 2020

a3 report i sutject 1o renewal Decembey 2021

W, I0C-05,01g | (B00) 423-6587 | (552) £89-0543

A Subsxiary of fhe Infeynabonal Code Counci®

DIVISION: 26 80 00—WO0D, PLASTICS AND
COMPOSITES
Saction; 08 17 18—Crons . Jamnatid Timbar

REPORT HOLDER:
SMARTLAM, LLC
EVALUATION SUBJECT.
SMARTLAM CROSS LAMINATED TIMBER (CALT)

10 EVALUATION SCOPE
1.1 Complance with the following codes:
8 2018, 2015, 2012 and 2008 Infematons’ Susdng Code®
e

® 2018 2013, 2012 ana 2000 Mvmanons’ Ressenta/

Code® (IRT)
‘umuMemdewtmm
Departmanmt of Buddng and Safety (LADBS) see
ESR-S723 LASC and LARC Suppiement

Property evaluated:

o Srcwral

W Fee Resstancs

1.7 Evalation 10 The fobowng groen codols) andor

standards:

2019 Colforna  Gooen
(CALGrean) Tiw 24 Pant 11

® 2015, 2012 ana 2006 ICC 700 Nanona' Green Buldng
Standany™ (ICC T00-2019, ICC T00-2012 and XCC T00-
2000)

Anzibites verified;

® 5S¢ Secton 3 1

20 USES

Smartlam cose-lammated bmber (CLT) panefs are 3
CAMSEd ANpNBared woOd OCOUCT N S1W WD A% 3
component 0 ficors, roals, and wals in Type Nl {ntenar
foors oehy), Types BV and V Construchon, and in 100fs n
Type | and N Constructon of ™ IBC. The Smatam QLT
panels, when Patalies under the IRC, require 3n engineered
GREON N JCCoRBNts Wi IRC Secton RX01 13

38 DESCRIPTION
3.1 General:

The Smartlam CLT paneis desaibed in the evalustion
repot comply With reGuiernanis noded n Secion 23001 4
of tha 2018 and 2015 BIC for slowalis stress 0esgn (ASD)
m accordance with 2018 [BC Section 2302.1(1) 12013, 2012

Sndards  Code

and 2009 1BC Saction 2301 2{11). Tha panels an fabrcsted
Wit 3t iodst three planed softwood lumber amratons with

pariel 30 each other, e shomn i Tabies 2 and 1 The
pansls are Bbrcated wilh wioths of 12 © 10 Inches
{306 %o 3048 mm), Pickneszes of 4'% 10 12% Inches
{105 10 314 Men) a0 OGRS up 10 52 el (158 m) The
SmartLam CLT panes are Sbricated by tace donding 0ach
fryee of Smirabont g 0 SuCturl adhesive, COTPiNg
with Saction 322 of ™és ovakiaton report The Layers e
Paced In 3 press to form 3 dmensionaity statse sSucural
slement Refel 10 Taokes 2 ana 3 for Smantam CLT pared
ans

The atntutes of the CLT panels have been venfed as
conforming 10 e provsons of () CALGeen Secton
AS.404 1 for effoone framing techelques; () ICC 7002015
Sectors €08.1). 1160801 and $XA)I 608 1b) Sor

nacurce-afficient matariats, (3 ICC 02012 Sechens

S06 1023, 11508 12 ana 120A) 607 1 10r esowcs-sMoant
maenals, and (v) ICC TOD-2008 Secton G07.1(2) for
fescurce-elfomt  Maleras. Nots Dol decscns  on
compiance for Nose Aeas rest wih 1he Laer of ths repont
Toe user 1 advsed of the project-speciic prowsons that
My i COMNPAT LOUN IRGANG SEeclic CONSIONS, and
Me venfcation of those COnANONS IS outside the scope of
D teport Thess coOes of SLIM0NOE Ofen [rowoe
supplemantal imlormiaton as guidance

32 Mamteriat

321 Wood L Wood used
Gbrcating SmanLam CLT paness must e 0 Acoxdancs
with the npiant and e
Sprucepine-ir (59 w:—weuww'lsm&um
Ar (HF}, or Douglas frLasen (DF-L) mbers havieng ASD
reforence design vales provided m Table | of thes
vakation eeot The odemmest SPF. SPF-S, of W
may be o be oy DF4
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Blast Design Example
Step 3: Assign Static Increase Factor (SIF) & Dynamic Increase Factor (DIF)

* 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

11.25\%%°
SIFb = KcharKangsize = 1.30 * 2.05 * <r25> = 3.56

e 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



Blast Design Example
Step 4: Check to See if Moment Strength Must Consider Axial Load

e PDC-TR 18-02 Reference: Section 8.2.1

* Example: Ratio of axial stress, f,, to average expected dynamic compressive

strength, F,_, for 3-ply VAM1 grade panel PDC-TR 06-08, Section 4-2

 Number of stories: 5
* Typical Exterior Wall Tributary Width: 7 ft J
« Typical Floor Dead Load: 44 psf P=5%7%[44+(0.35%40)] + 5% 12+ 52 = 5,150 Ib/ft
* Typical Floor Live Load: 40 psf P 5150 .
fac = = = 156 psi

* Typical Floor Height: 12 ft Aparaier 33
* Typical Exterior Wall Dead Load: 52 psf SIF, = KonarKapgKsize = 1.20 + 1.40 % 1.00 = 1.68

F,. = SIE. * DIF * F. = 1.68 = 2 1000 = 3,360 psi

fac = = 0.046 < 0.10 .. Axial load does not need to

Fac 3360 be considered when
computing flatwise bending
moment strength of panel




Blast Design Example

Step 5: Construct Resistance Function

e PDC-TR 18-02 Reference: Section 8

* Example: Ultimate resistance, r,, and stiffness, k, of 3-ply VAM1 grade panel

(EDesr 74 x 10° 61 .2
Fewn = 1 4 Ks(EDesy 4 115%74x10° 67.2x 107 b - in*/ft
(GA)effL2 0.41 X 10° « 144 rA Outermost CLT
ply ruptures
El b 67.2 X 10° x 1 Ty
k = Cqaj 1 * (k)a# = 1.0 * S = 1.00 psi/in
b m * 12 * 1444

My = 0.9 % SIFy # DIF % Caqjp * (F S)epp = 0.9 x3.56 x 2 x 1% 1800 = 11.5 x 10° Ib - ft/ft

Vi = 0.9 % SIF, * DIF % Caqj ¢+ Vs = 0.9 2.6+ 211490 = 6.97 x 103 lb/ft

_ 2Ub, 25697 x 103 %1

= = = ] T 4.46
) 12 144 8.07pst Xp =0 =150 = 446 in
8M, 8x11.5x 103 : _ | _ _ |
wb ="z T 1442 = 4.46 psi <4— Flatwise bending resistance is smaller than flatwise shear

resistance and thus is the ultimate resistance



Blast Design Example
Step 6: Determine Equivalent Mass of Wall Panel

e Example: Mass for 3-ply VAM1 grade panel w/ brick veneer (40 psf)

e 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)

SG * Awooa * Vwater * (1 + MC)  0.36 * 4.125 * 0.0361 * (1 + 0.12)

Mpanel = g 3.86 x 104

40
144 « 3.86 x 10—+

m = Mpanel T Myeneer = 156 +

= 876 psi - ms?/in

= 156 psi - ms?/in

e 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, K.
* UFC 3-340-02 provides tables with K,,, factors

Table 3-12  Transformation Factors for One-Way Elements

- Range Load Mass | Load-Mass
Edge Conditions and Loading of Factor Factor Factor
Diagrams Behavior Ko Kn Kin
e Elastic 0.64 0.50 0.ra
1 L 2 Plastic 0.50 0.33 0.66




Blast Design Example
Step 7: Perform SDOF Analysis

Figure 3-54 Maximum Deflection of Elasto-Plastic, One-Degree-of-Freedom

. . System for Triangular Load
e Solve Newton’s second law of motion to determine ; T
the peak displacement, u,,, of the panel

* Common to ignore damping (velocity) term in blast design
p(t) = Kppymii(t) + f.(u,u,t)

D4 0S5 06 07

Pressure history

Equivalent mass Resistance function
e Potential means of solving differential equation
e UFC 3-340-02 charts (e.g., see right)
¢ Fast running tool (e.g., SBEDS, BlaSDOF, etc.) 4, =1.95"
oy NNPOr= o 4

Xen | X

[Nurmcfs next Lo curves are /P ]

/ 04 / B L
= 08 / o
K, pym 0.78 * 876 s o4 o3/ “t ;
TN =271 2 = 21 WZ 164 ms % 0 P d : |
L4 2
) §-O.8 2 K Klg lL
Tricnguiar Resistonce Displacement
-12 ., 1keed Function , Function
. 01
'_: 01 02 03 0405 07 1 2 3 4 5678 10 20
0 30 &0 90 120 150 180 210 240 270 X0 TITn

Time [ms]



Blast Design Example

Step 8: Compare Peak Displacement w/ Response Limit

e PDC-TR 18-02 Reference: Section 10

Table 5. Response Limits for CLT Construction.

Controlling Limit B1 B2 B3 B4
State u ) u 0 1 0 u )
Flatwise Bending 1.0 - 1.5 - 1.75 - 2 .
Flatwise Shear 1.0 | 15 - 1.75 s 2

* 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)

Umax  1.95
M=%, T 146




Closing Thoughts

* 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

e Two-way action of CLT helps to distribute load, and thus minimize peak response at highest
applied load

* NLT does not share this benefit

e 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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