
!"#$%&'(%)*#+,*+#&-%.'&-/0"0%
12#%3&00%4"56$#%7+"-("'80

!"##$%&'(%&)*"++,'(%-++'.)"/"0&/,'&/1'2$%34'5%6&$/



!"#$%&''(%)*'(+,-.%/'+0,123%!"#$#
%&'!"(&)&*#+),-!*&)#.!(/#0/&#12&)!3$4#

54"(!(6(&#,7#1)3/!(&3("#8,4(!46!4'#

9*63$(!,4#:;"(&2"#<151=89:>?#+),-!*&)#

@ABCDE

8)&*!(<">#&$)4&*#,4#3,2FG&(!,4#,7#(/!"#

3,6)"&#.!GG#H&#)&F,)(&*#(,#454%/67 7,)#

151#2&2H&)"E#8&)(!7!3$(&"#,7#8,2FG&(!,4#

7,)#H,(/#151#2&2H&)"#$4*#4,4I151#

2&2H&)"#$)&#$-$!G$HG&#6F,4#)&J6&"(E

0/!"#3,6)"&#!"#)&'!"(&)&*#.!(/#454%/67
7,)#3,4(!46!4'#F),7&""!,4$G#&*63$(!,4E#

1"#"63/?#!(#*,&"#4,(#!43G6*&#3,4(&4(#

(/$(#2$;#H&#*&&2&*#,)#3,4"()6&*#(,#

H&#$4#$FF),-$G#,)#&4*,)"&2&4(#H;#(/&#

151#,7#$4;#2$(&)!$G#,7#3,4"()63(!,4#,)#

$4;#2&(/,*#,)#2$44&)#,7#/$4*G!4'?#

6"!4'?#*!"()!H6(!4'?#,)#*&$G!4'#!4#$4;#

2$(&)!$G#,)#F),*63(E

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKK

!"#$%&'($)*#+,%#-)%')$.#/&0&/)1,%#*&,+$2)1#%3'-$2)
,(-)$#*4&/#$)5&++)6#),--*#$$#-),%)%3#)/'(/+"$&'()'0)
%3&$).*#$#(%,%&'(7



!"#$%&%'(#))*+,&-.,"').,'/,&-.,0&"12&1"#),.(3%(..",'(,41%)$%(3,5"'6.2&0,-#0,/'210.$,'(,0&"12&1".7".)#&.$,

&#080,9 :.:4.",0%;%(3+,2'((.2&%'(,$.&#%)%(3+,3.(."#),('&.0+,#($,05.2%/%2#&%'(0,/'",0&"12&1"#),

2':5'(.(&0<,=.0%3(,2"%&."%#,012-,#0,/%".7".0%0&#(2.,"#&%(30+,#2'10&%20+,#($,#.0&-.&%20,-#>.,5"%:#"%)*,

4..(,&-.,#"2-%&.2&?0,$':#%(< @'A.>."+,A-.(,%&,2':.0,&',:#00,&%:4."+,.05.2%#))*,&#)),&%:4.",41%)$%(30+,

&-.,0&"12&1".,'/&.(,2'(&"%41&.0,&',&-.,41%)$%(3?0,5#00%>.,/%".,".0%0&#(2.,A-%).,/1(2&%'(%(3,#0,#(,.B5'0.$,

/%(%0-<,!-%0,2':4%(#&%'(,'/,0&"12&1".+,/%(%0-+,#($,/%".,".0%0&#(2.,:#8.0,&-.,:#00,&%:4.",$.0%3(,5"'2.00,#,

(.2.00#"%)*,2'))#4'"#&%>.,.//'"&,4.&A..(,#"2-%&.2&,#($,.(3%(.."<,!-%0,A.4%(#",A%)),$%02100,-'A,&-.0.,

&'5%20,#".,%(&."".)#&.$,#($,A%)),5"'>%$.,.B#:5).0,'/,/%".,#($,0&"12&1"#),$.0%3(0,&-#&,:..&,C7 #($,D7-'1",

"#&%(3,".E1%".:.(&0,'/,:%$7"%0.,#($,&#)),:#00,&%:4.",41%)$%(30,A%&-%(,&-.,FGH<

!"#$%&'(&%)$*+,*"-



CE IB5)#%(,&-.,41%)$%(3,2'$.,".E1%".:.(&0,/'",/%".7".0%0&#(2.,"#&%(30,'/,.B5'0.$,:#00,&%:4.",0&"12&1"#),

.).:.(&0,%(,:%$7"%0.,#($,&#)),0&"12&1".0<

LE IB5)'".,&-.,'5&%'(0,'/,0&"12&1"#),2-#",2#)21)#&%'(0,>0<,/1"(#2.,/%".,&.0&%(3,%(,'"$.",&',$.:'(0&"#&.,

2':5)%#(2.,A%&-,2'$.7:#($#&.$,-'1")*,"#&%(30,'/,:#00,&%:4.",/)''"+,"''/,#($,A#)),5#(.)0<

ME @%3-)%3-&,2-#(3.0,&',&-.,DJDC,#($,DJDK,FGH,A-%2-,5.":%&,&#)).",:#00,&%:4.",41%)$%(30+,A%&-,:'".,

.B5'0.$,&%:4.",01"/#2.0<

NE L.>%.A,&-.,'5&%'(0,'/,$.0%3(%(3,/%".,5"'&.2&.$,2'((.2&%'(0,#($,5.(.&"#&%'(0,%(,#(,.B5'0.$,:#00,

&%:4.",41%)$%(3<

.&/$-*-0'123&),*4&%



!"#$%&'()*'+$,%-)(.$/%0!"#"'(1
!"#$%&'&()*+$,%

2/3445&'()*'+$,%-)(.$/%02&-1
-)*./&%#0,&*#$.,#1.),%

!"#$#%&'$()*$)(+,(-.$ !"#$#%&/+01/+-2+
!"#$#%&/3435&6(*"7$+*$)(+

!"#$#%&8(+(+2&/)9:+(

2/3445&'()*'+$,%-)(.$/%02&-1
-23&*#$.,#1.),%



637$"5&'()*'+$,%-)(.$/%06&-1 !"#$5&'()*'+$,%-)(.$/%0!&-1
4*#,5&)6.",1#1.),

!"#$#%&'$()*$)(+,(-.$

!"#$#%&'$()*$)(+,(-.$

8')"5&'()*'+$,%-)(.$/%08&-1

!"#$#%&39- !+$+(

!"#$#%&;"70<&=##1

!"#$ &'()*'+$,%-)(.$/%0!&-1
4*#,5&)6.",1#1.),

!"#$#%&;"70<&=##1 !"#$#%&'$()*$)(+,(-.$

!"#$#%&>-0-2* ?2--*&

6(*"7$+*$2@8-2$&A&3BB



Key Early Design Decisions

Construction Type – Primarily based on building size & occupancy

Construction Type (All Sprinklered Values)

IV-A IV-B IV-C IV-HT III-A III-B V-A V-B

Occupancies Allowable Building Height above Grade Plane, Feet (IBC Table 504.3)

A, B, R 270 180 85 85 85 85 70 60

Allowable Number of Stories above Grade Plane (IBC Table 505.4)

A-2, A-3, A-4 18 12 6 4 4 3 3 2
B 18 12 9 6 6 4 4 3

R-2 18 12 8 5 5 5 4 3

Allowable Area Factor (At) for SM, Feet2 (IBC Table 506.2)

A-2, A-3, A-4 135,000 90,000 56,250 45,000 42,000 28,500 34,500 18,000

B 324,000 216,000 135,000 108,000 85,500 57,000 54,000 27,000

R-2 184,500 123,000 76,875 61,500 72,000 48,000 36,000 21,000
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Construction Types

When does the code allow mass 
timber to be used?

IBC defines mass timber systems in 
IBC Chapter 2 and notes their 
acceptance and manufacturing 
standards in IBC Chapter 23

Permitted anywhere that combustible 
materials and heavy timber are 
allowed, plus more
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Construction Types

Where does the code allow MT to be used?
• Type IB & II: Roof Decking

Image: StructureCraft BuildersPhoto Credit: DeStafano & Chamberlain, Inc, Robert Benson Photography
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Construction Types

Where does the code allow MT to be 
used?
• Type III: Interior elements (floors, 

roofs, partitions/shafts) and exterior 
walls if FRT

ICE Block I, RMW Architecture & Interiors, Buehler Engineering, 

Bernard André Photography



Construction Types

Where does the code allow MT to be used?
• Type IV: Any exposed interior elements & roofs, must meet 

min. sizes; exterior walls if CLT or FRT. Concealed space 
limitations (varies by code version)

Image: Perkins + Will



Construction Types

Framing Solid Sawn
(nominal)

Glulam
(actual)

SCL
(actual)

Fl
oo

r Columns 8 x 8 63/4 x 8¼ 7 x 7½

Beams 6 x 10 5 x 10½ 5¼ x 9½

Ro
of

Columns 6 x 8 5 x 8¼ 5¼ x 7½

Beams* 4 x 6 3 X 67/8 3½ X 5½

Minimum Width by Depth in Inches
See IBC 2018 2304.11 or IBC 2015 602.4 for Details

*3” nominal width allowed where sprinklered Photo: WoodWorks

Type IV construction permits exposed 
heavy/mass timber elements of min. sizes. 



Construction Types

Where does the code allow MT to be used?
• Type V: All interior elements, roofs & exterior walls

Image: Christian Columbres Photography



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
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Key Early Design Decisions
Construction type influences FRR

• Type IV-HT Construction (minimum sizes)
• Other than type IV-HT: Demonstrated fire resistance

Method of demonstrating FRR (calculations or testing) 
can impact member sizing



Fire Design of MT

Credit: David Barber, ARUP



Demonstrating Fire Resistance Ratings

Fire Resistance Ratings Based on ASTM E119 Testing
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• Tested Assemblies (IBC 703.2)
• Analytical Methods (IBC 703.3):

1. Fire-resistance designs in 
“approved sources”

2. Prescriptive assemblies in IBC 721
3. Calculations per IBC 722
4. Engineering analysis based on 

tested assemblies
5. Alternative methods per IBC 104.11
6. Fire-resistance design certified by 

approved agency



Demonstrating Fire Resistance Ratings

Fire Resistance Ratings Based on ASTM E119 Testing
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• Tested Assemblies (IBC 703.2)
• Analytical Methods (IBC 703.3):

1. Fire-resistance designs in 
“approved sources”

2. Prescriptive assemblies in IBC 721
3. Calculations per IBC 722
4. Engineering analysis based on 

tested assemblies
5. Alternative methods per IBC 104.11
6. Fire-resistance design certified by 

approved agency

Test reports from approved 3rd party fire test labs
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WoodWorks Inventory of Fire Tested MT Assemblies

Demonstrating Fire Resistance Ratings



Demonstrating Fire Resistance Ratings

Fire Resistance Ratings Based on ASTM E119 Testing
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• IBC 703.3 recognized routes to approval:

1. Fire-resistance designs in “approved 
sources”

2. Prescriptive assemblies in IBC 721
3. Calculations per IBC 722
4. Engineering analysis based on tested 

assemblies
5. Alternative methods per IBC 104.11
6. Fire-resistance design certified by 

approved agency

Calculation methods per NDS 



Demonstrating Fire Resistance Ratings

Fire Resistance Ratings Based on ASTM E119 Testing
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• Tested Assemblies (IBC 703.2)
• Analytical Methods (IBC 703.3):

1. Fire-resistance designs in 
“approved sources”

2. Prescriptive assemblies in IBC 721
3. Calculations per IBC 722
4. Engineering analysis based on 

tested assemblies
5. Alternative methods per IBC 104.11
6. Fire-resistance design certified by 

approved agency

Approved calculation methods per NDS 



Demonstration Fire Resistance Ratings

Calculated FRR of Exposed Timber:
IBC to NDS code compliance path
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FRR Design of MT

Method of demonstrating FRR (calculations or testing) can impact 
member sizing

Each has unique benefits:

• Testing:
• Can result in higher FRR for some assemblies when compared to 

calculations (i.e. 2-hr FRR with 5-ply CLT panel).
• More universally understood and accepted

• Calculations:
• Can provide more design flexibility
• Allows for project span and loading specific analysis



Demonstrating Fire Resistance Ratings

Fire Resistance Ratings Based on ASTM E119 Testing
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• Tested Assemblies (IBC 703.2)
• Analytical Methods (IBC 703.3):

1. Fire-resistance designs in 
“approved sources”

2. Prescriptive assemblies in IBC 721
3. Calculations per IBC 722
4. Engineering analysis based on 

tested assemblies
5. Alternative methods per IBC 104.11
6. Fire-resistance design certified by 

approved agency

For example, a “UL Listing”



1 Hour Fire Resistance Rated Mass Timber Floor?
But what about 1 hour rating without ceiling protection?
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Fire Resistance of Connections

All Photos by WoodWorks



Fire Resistance of Connections – Protection Strategies

Right-sized 
bearing areas

Concealed 
connectors

Wood 
protection

Gypsum 
protection



Fire Resistance of Connections – Protection Strategies

Right-sized 
bearing areas

Concealed 
connectors



Fire Resistance of Connections – Protection Strategies

Wood 
protection

Gypsum 
protectionExample in AWC TR-10

Discussion in AWC TR-10

Photo WoodWorks



Demonstrating Fire Resistance Ratings

Fire Resistance Ratings of Connections

• Tested Assemblies (IBC 703.2)
• Analytical Methods (IBC 703.3):

1. Fire-resistance designs in 
“approved sources”

2. Prescriptive assemblies in IBC 721
3. Calculations per IBC 722
4. Engineering analysis based on 

tested assemblies
5. Alternative methods per IBC 104.11
6. Fire-resistance design certified by 

approved agency

WoodWorks Inventory



Demonstrating Fire Resistance Ratings

Fire Resistance Ratings of Connections

• Tested Assemblies (IBC 703.2)
• Analytical Methods (IBC 703.3):

1. Fire-resistance designs in 
“approved sources”

2. Prescriptive assemblies in IBC 721
3. Calculations per IBC 722
4. Engineering analysis based on 

tested assemblies
5. Alternative methods per IBC 104.11
6. Fire-resistance design certified by 

approved agency

AWC Publications 

NDS
Wood Cover

TR-10
Wood & Gypsum Cover



Demonstrating Fire Resistance Ratings

Fire Resistance Ratings of Connections

• Tested Assemblies (IBC 703.2)
• Analytical Methods (IBC 703.3):

1. Fire-resistance designs in 
“approved sources”

2. Prescriptive assemblies in IBC 721
3. Calculations per IBC 722
4. Engineering analysis based on 

tested assemblies
5. Alternative methods per IBC 104.11
6. Fire-resistance design certified by 

approved agency

Tapes, Caulks and Sealants
Primarily for smoke, draft, and 
flame block in gaps and 
intersections

Credit 3M

Credit Hilti

Credit Arup



Penetrations & Firestopping
Beam penetrations:
• If FRR = 0-hr, analyze structural impact of hole diameter only
• If FRR > 0-hr, account for charred hole diameter or firestop penetration

Hole diameter

Hole diameter after 1-hr char



Penetrations & Firestopping

Document provides a method of 
calculating the bending moment capacity, 
bending stiffness, and shear capacity of a 
glulam beam with large horizontal holes.

Based on a maximum hole diameter of:
• 2d/3 for glulam members up to 24” deep
• 16” for glulam members deeper than 24”



Penetrations & Firestopping



Mass Timber Fire Design Resource
• Code compliance options for 

demonstrating FRR
• Free download at woodworks.org

FRR Design of MT
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Photos: Baumberger Studio/PATH Architecture



Photo: Harbor Bay Real Estate Advisors, Image Fiction |   Architect: Hartshorne Plunkard Architecture

INTRO, CLEVELAND 9 Stories  |  115 ft
8 Timber Over 1 Podium

Type IV-B

Variance to expose ~50% ceilings



Photo: William McDonough + Partners |   Architect: William McDonough + Partners 

APEX PLAZA
CHARLOTTESVILLE, VA

8 STORIES
6 TIMBER OVER 2 PODIUM, 100 FT

PRIMARILY OFFICE SPACE



Credit: H + O Structural Engineering

11 E LENOX, BOSTON, MA



Photo: CD Smith Construction |   
Architect: Korb & Associates Architects

ASCENT, MILWAUKEE
Tallest Mass Timber Building in the World



Photo: WoodWorks |   Architect: Hickok Cole

80 M ST, WASHINGTON, DC

3 STORY VERTICAL ADDITION
7 STORY EXISTING BUILDING



Photo: Atelier Jones |   
Architect: Atelier Jones 

HEARTWOOD, SEATTLE 8 STORIES
Workforce Housing

Type IV-C     66,000 SF



Photo: Wright Architecture|   
Architect: Wright Architecture

MINNESOTA PLACES, PORTLAND 8 STORIES
Affordable Housing

Type IV-C     72 Units    7 Stories of Timber over Podium



H"I4E5"J)84"JIJK4

!"#$%&'()**
LP

LN



+)!,(-&./.0(1212
34"/"'(+)!,

!"#$%&'($&'%$)*$+"',$
-#,#&-."$/-)0#.+$

1&,$+)$'2#(+'*3$,&*#$
4'%'+,$)*$#5/),#2$

%&,,$+'%6#-$,7-*&.#$
&-#&,$+"&+$

.)--#,/)(2$1'+"$
/#-*)-%&(.#$.-'+#-'&$
7,#2$*)-$/-#8')7,$
9:;:$<7'42'(=$>)2#$

>"&(=#,:

F#>);.%&-7F0



RISE Tests, 2020
Photo: RISE

Conservatism: ATF lab tests 
based on older generation CLT 

adhesives

2018 ATF tests were initiated 
before the 2018 version of 

ANSI/APA PRG 320 was 
published and the tested CLT 

was not compliant with the new 
product standard.

WHY ANOTHER ROUND OF COMPARTMENT FIRE TESTING?

Source: RISE, USDA FS FPL & AWC



CLT Fire Performance – Fire Re-Growth
In tall buildings, preventing fire re-growth is key. 
Fire re-growth is a phenomenon in which the heat-release rate of a fire 
intensifies following a decay phase. Fire re-growth can be initiated when 
delamination occurs, as this exposes un-charred wood surfaces, thereby 
resulting in an influx of fuel available for consumption by the fire.

Photo: ARUPPhoto: Urban One
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RISE Tests, 2020
Photo: RISE
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Change to 2024 IBC: IV-B Exposure Separation
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Floor Surface Protection

Credit: Maxxon

Min. 1” thick NC protection required 
on mass timber floors in IV-A and IV-B. 
Not required in IV-C

Min. 1” NC

Mass Timber Floor Panel
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Tall Mass Timber Code Adoptions



MASS TIMBER FIRE RESISTANCE DESIGN

Credit: FPInnovations



2 Hour FRR for Mass Timber

Floor panels for all, primary frame for most, bearing walls for most
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Type IV-A Fire Resistance Ratings (FRR)

Credit: Urban One

Primary Frame (3-hr) + Floor Panel Example (2-hr):

TYPE IV-A FIRE-RESISTANCE RATINGS

40 minutes of MT FRR
Two layers 5/8" Type X gypsum

60 minutes of MT FRR

Three layers 5/8" Type X gypsum

Glulam beam (primary structural frame)

Mass timber !oor panel
Minimum 1" noncombustible material

IV-A



Type IV-B Fire Resistance Ratings (FRR)

Credit: Urban One

IV-A
Primary Frame (2-hr) + Floor Panel (2-hr)

40 minutes of MT FRR
2 layers 5/8" Type X gypsum

40 minutes of MT FRR

Two layers 5/8" Type X gypsum

Glulam beam (primary structural frame)

Mass timber !oor panel
Minimum 1" noncombustible material

TYPE IV-B PROTECTED FIRE-RESISTANCE RATINGS IV-B



Type IV-B Fire Resistance Ratings (FRR)

Credit: Urban One

IV-A
Primary Frame (2-hr) + Floor Panel Example (2-hr)

Mass timber !oor panel

2-hr of MT FRR;
noncombustible material not required

2-hr of MT FRR;
Noncombustible material not required

Glulam beam (primary structural frame)

TYPE IV-B EXPOSED FIRE-RESISTANCE RATINGS

Minimum 1" noncombustible material

IV-B



Type IV-C Fire Resistance Ratings (FRR)

Credit: Urban One

IV-A
Primary Frame (2-hr) + Floor Panel Example (2-hr)

Mass timber !oor panel

Noncombustible material not required

2-hr of MT FRR;
noncombustible material not required

2-hr of MT FRR;
Noncombustible material not required

Glulam beam (primary structural frame)

TYPE IV-C FIRE-RESISTANCE RATINGS IV-B



MT Fire Resistance Ratings (FRR)

How do you determine FRR of MT?
2 Options:
1. Calculations in Accordance with IBC 722       NDS Chapter 16
2. Tests in Accordance with ASTM E119

Credit: Urban One

aeff = 1.2achar



MT Fire Resistance Ratings (FRR)

CLT fire design:

• Lam thickness affects 

char depth

• Partially charred cross 

layers are typically 

neglected for structural 

checks



MT Fire Resistance Ratings (FRR)

CLT fire design example:

• 2-hour rating req’d
• Try 5-ply, 6-7/8”, V1
• Span = 15 ft, DL = 55 psf, 

LL = 40 psf

Credit: Marcus Kauffman
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MT Fire Resistance Ratings (FRR)

NDS Chapter 16 Char Calculations vs. ASTM E119 Tested Assembly

• NDS Chpt 16 calcs check structural 
integrity

• E119 checks structural integrity, hose 
stream and unexposed surface 
temperature

• TR 10 provide thermal checks



MT Fire Resistance Ratings (FRR)

How do you determine FRR of MT?
2 Options:
1. Calculations in Accordance with IBC 722       NDS Chapter 16
2. Tests in Accordance with ASTM E119

Credit: Urban One

aeff = 1.2achar



MT Fire Resistance Ratings (FRR)
Inventory of Fire Tested MT Assemblies



MT Fire Resistance Ratings (FRR)
Inventory of Fire Tested MT Assemblies

2-Hour Floor Panel Options with Ceiling Side Exposed:



MT Fire Resistance Ratings (FRR)
Extrapolating tested loading & span results:

*Need to also look at deflections, vibrations, etc



Tall  Timber Fire-Resistance Design



Questions?	

901 East Sixth, Thoughtbarn-Delineate Studio, 
Leap!Structures, photo Casey Dunn

Jessica Scarlett, EIT
Jessica.scarlett@woodworks.org
(803)616-6231

Scott Breneman, PhD, PE, SE
Scott.breneman@woodworks.org
(530)723-6230

Ricky McLain
Ricky.mclain@woodworks.org
(802)498-3310

mailto:Jessica.scarlett@woodworks.org
mailto:Scott.breneman@woodworks.org
mailto:Ricky.mclain@woodworks.org
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