A Mass Timber Clinic:
Introducing and Mastermg
Design Topics

Presented by
WoodWorks
April 12, 2022

- FrL —N
E i



MULT|-FAMILY/MIXED-USE | EDUCATION | OFFICE | RETAIL | INDUSTRIAL | CIVIC | INSTITUTIONAL

Designing a wood building?
Ask us anything.

FREE PROJECT SUPPORT / EDUCATION / RESOURCES

Nationwide support for the code-compliant design, engineering
and construction of non-residential and multi-family wood buildings.

« Allowable Heights/Areas « Lateral System Design
« Construction Types « Alternate Means of Compliance
« Structural Detailing » Energy-Efficient Detailing

Wood-Framed & Hybrid Systems  « Building Systems & Technologies
Fire/Acoustic Assemblies

| woodworks.org/project-assistance | helpawoodworks.org
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Meet the Help Desk A
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1, PhD, PE, SE Ashley Cagle, PE, SE Karen Gesa, PE Bruce Lindsey

Terry Malone, PE, SE Ricky McLain, PE,

Need technical assistance on a project?

Email: help@woodworks.org
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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.

Stage

B Construction Started / Built
B In Design

https://www.woodworks.org/
publications-media/
building-trends-mass-timber/

WOOD
PRODUCTS

\v7 COUNCIL.

Source: WoodWorks, March 31, 2022 %

* This total includes modern mass timber and post-and-beam structures built since 2013


https://www.woodworks.org/publications-media/building-trends-mass-timber/

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.
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Find Mass Timber Projects @

+ connect with the pros S —
who worked on them. ="\

P
(e o ] ™
Al '
Liad Eeh
Temila
8] & &1

WOODWORKS 13
INNOVATION P
NETWORK ors

Conlerence Cenlet

Linooln City Polioe
Station
e The

Hidden Creck
Community Center
i Tribas

Beaverton Public
Salety Cenler
L ilaan T

Muikiltea

e Multimodal Ferry
¥ Terminal

B T

N Adidac Morth
Armerican

Headguariers
‘‘‘‘‘‘ LA paa T

Wingspan Event amd

X

=

R

X

b=



RESOURCES & UPCOMING EVENTS PN
{ WOODWORKS 3

WOODWORKS

New WOOD SOLUTION PAPER \VI

CLT Diaphragm Design for

Wind and Seismic Resistance
Using SDPWS 2021 and ASCE 7-22

Common Challenges in Wood

Lateral System Layouts | May 3
1.5 AIA/CES HSW LUs, 1.5 PDH credits, 0.15 ICC credits

Lateral Design for Mass Timber
Structures: How to Do It,

How It's Been Done | May 5
1.5 AIA/CES HSW LUs, 1.5 PDH credits, 0.15 ICC credits

New CASE STUDIES

Adidas East Village Expansion
Innovative mass timber designs meet
ambitious construction timeline

Mass Timber Research Workshop |
September 20-22

District OfflCe USDA Forest Products Research Lab - Madison, WI

Developer chooses mass timber to differentiate
speculative office project

Visit woodworks.org/publications-media Visit woodworks.org/events
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Continuing Education Credits

* Participants will receive a certificate of completion via email
within two weeks.

e AIA credits will be processed by WoodWorks
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Mass timber is a A\
category of framing
styles often using
small wood members
formed into large
panelized solid wood
construction including S
CLT, NLT or glulam i e——

panels for floor, roof

NN

and wall framing



Mass Timber Framing Systems

Gravity
Framing
Styles

Post & Beam

Mass Timber
Walls
“Honeycomb”

J

Hybrid Light-
Frame &
Mass Timber
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Mass Timber Framing Systems

Gravity
Framing
Styles

4 N
Mass Timber Hybrid Light-
Post & Beam Walls Frame &
“Honeycomb” Mass Timber
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Mass Timber and Steel Framing

Public Library
Brentwood CA
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Mass Timber Framing Systems

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

Beams & columns Solid sawn laminations SCL laminations




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

Plank orientation

Photo: Think Wood Photo: StructureCraft Photo: StructureCraft

Photo: Ema Peter



MASS TIMBER PRODUCTS

GLULAM

GLULAM = A STRUCTURAL COMPOSITE OF LUMBER AND ADHESIVES

 RECOGNIZED INIBC 2303.1.3 USING ANSI/AITC A 190.1 AND ASTM D 3737
* GAN BE USED FOR FLOOR, ROOF PURLINS, BEAMS, ARCHES, GOLUMNS




MASS TIMBER PRODUCTS

GLULAM SPECS:

TYPICAL WIDTHS:
3-1/8',3-1/2",5-1/8",5-1/2",6-3/4',8-3/4",
10-3/4",12-1/4'

TYPICAL DEPTHS:

INCREMENTS PER # OF LAMS FROM 6" T0 60"+
WESTERN SPECIES LAMS ARE TYPICALLY 1-1/2" THICK
SOUTHERN PINE LAMS ARE TYPICALLY 1-3/8" THICK

TYPICAL SPECIES:
DOUGLAS-FIR, SOUTHERN PINE, SPRUCE
ALSO AVAILABLE IN GEDAR & OTHERS

FIGURE 1
BEAM CROSS SECTION

X

DEPTH

-----------

IMAGE: APA GLULAM PRODUCT GUIDE

GLULAM



MASS TIMBER PRODUCTS

GLULAM

HIGH STRENGTH OUTER
«—— COMPRESSION LAMS

«— MEDIUM GRADE INNER

GLULAM LAYUP:

VARY STRENGTH OF LAMINATIONS

*  HIGHER STRENGTH LAMS AT TOP AND BOTTOM -
TENSION AND COMPRESSION STRESSES ARE HIGH

N
e LOWER STRENGTH LAMS IN CENTER PLIES COMPRESSION LAM
. = \ . LOWER GRADE
INNER LAMS
) MEDIUM GRADE INNER
«—— COMPRESSION LAM

“— HIGH STRENGTH OUTER
TENSION LAMS

IMAGE: APA



PHOTO: EMA PETER PHOTOGRAPHY



MASS TIMBER PRODUCTS

GLULAM

GLULAM
APPEARANCE INDUSTRIAL GRADE
GRADES -

e R

ARCHITECTURAL GRADE PREMIUM GRADE

IMAGES: AMERICAN LAMINATORS



MASS TIMBER PRODUCTS

GLULAM

GLULAM SPECS:

PT READILY AVAILABLE

FRT MAY BE AVAILABLE,
VARIES BY MANUFACTURER
& TREATER

& TAPERED

—

DIFFERENT APPEARANGE
GRADES AVAILABLE
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MASS TIMBER PRODUCTS

CROSS-LAMINATED TIMBER (CLT)




WHAT IS CLT? MASS TIMBER PRODUCTS

SOLID WOOD PANEL CROSS-LAMINATED TIMBER (CLT)

3 LAYERS MIN. OF SOLID SAWN LAMS
90 DEG. CROSS-LAMS
SIMILAR TO PLYWOOD SHEATHING




MASS TIMBER PRODUCTS

COMMON GLT LAYUPS CROSS-LAMINATED TIMBER (CLT)

RPLYS-LAVER e
e TPLYSLAYER

5-PLYSAAYER — I
~ " 9PLY7LAVER

JPYTAMER S S
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_ PHOTO CREDIT: DR JOHNSON %




MASS TIMBER PRODUCTS

CLT PANEL FABRICATION CROSS-LAMINATED TIMBER (CLT)

SPRINGER

THE WOOD-MECHANISING COMPANY




MASS TIMBER PRODUCTS

CROSS-LAMINATED TIMBER (CLT)

CLT PREFABRICATION

»  FINISHED PANELS ARE PLANED, SANDED, CUT
T0 SIZE. THEN OPENINGS ARE CUT WITH

PRECISE CNG ROUTERS.

»  THIRD PARTY INSPECTION AT FACTORY
CUSTOM ENGINEERED FOR MATERIAL
EFFICIENCY

» CUSTOM DESIGNED FOR PROJECT

»  EACH PANEL NUMBERED, DELIVERED &
INSTALLED IN PREDETERMINED SEQUENCE




4 STORIES
16,000 SF
GREEN ROOF




CANDLEWOOD SUITES

REDSTONE ARSENAL, AL

Construction
Advantages Sell

Hotel Developer -~ .
on CLT | -

CLT buillds faster F
and more

. 62 600 SF, 4 STURY HUTEL 92 PRIVATE

ROOMS

 CGLTUTILIZED FOR WALLS, ROOF PANELS, AND

FLOOR PANELS

* 1,557 GLT PANELS; TYPICAL FLOOR PANEL IS
8'X50" & WEIGHS 8,000 LBS

* COMPLETED LATE 2015




Typical New PAL Hotel | Redstone Arsenal
PAL Portfolio (Actual®) (Actual) Difference
Gross square feet (sf) 54,891 62,688 +14%
Average # of employees 18 (peak 26) 10 (peak 11) -43%
Structural duration (days) 123 78 -37%
Structural person hours 14,735 8,203 -44%
Structural production rate/day 460 sf 803 sf +75%
Overall schedule 15 months 12 months -20%

* PAL New Build Hotel Historical Average

Source: Lendlease Sa_v:i_ng S On thiS CLT
project compared to

31% \ typical light gauge steel

construction
r l,‘J
"‘& !-==- Candlewood Suites at Redstone Arsenal, AL
- S — 4 Stories, 62k SF

Image: Lendlease | Source: Lendlease?

43%0




MASS TIMBER PRODUCTS

CROSS-LAMINATED TIMBER (CLT)

IN2015 IBC, CLT IS NOW DEFINED IN CHAPTER 2 DEFINITIONS: g

[BS] CROSS-LAMINATED TIMBER. A prefabricated
engineered wood product consisting of not less than three
layers of solid-sawn lumber or structural composite lumber
where the adjacent layers are cross oriented and bonded with
structural adhesive to form a solid wood element.

2 015 INTERHATIONAL
Huillding Code
L baardon wl Ha o sa—g

AND IS REFERENGED IN CHAPTER 23:

2303.1.4 Structural glued cross-laminated timber. Cross-
laminated timbers shall be manufactured and identified in
accordance with ANSIVJAPA PRG 320.



AMSI/APA PRG 320-2019

MASS TIMBER PRODUCTS

Standard for Performance-Rated CROSS-LAMINATED TIMBER (CLT)
Cross-Laminated Timber

CLT PRODUCT STANDARD

APA &
V2 67/8"

MILL 0000 ANSI/APA PRG 320-2012

ANSI/ APA'PRG 320 STANDARD FOR PERFORMANCE
RATED CROSS-LAMINATED TIMBER




N MASS TIMBER PRODUCTS

CROSS-LAMINATED TIMBER (CLT)

ArA PRODUCT REPORT MITECRATIR TOMAN
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SmartLam Cross-Laminated Timber PR-L319 PFS.-
SmartLam, LLC lssued August 15, 2016
SmartLam, LL Wmwtvie
1863 13* Stre ‘ I
Columbia Fall PRO DU REPQ_IBT msmea  CC-ES Evaluation Repont ESR-4081
(408) RE2-009 Prasinsn Iesusd Juna 2020
Wi smadah pRy Cross-Laminated Timber PRL3]
1. Basisor) Riddle Laminators, Ine. insimd Jonuary 25,

= 2015

Conn e DR ' Ara PRODUCT REPORT

WL ppawoad.org

B B PRODUCT REPORT [[vwmremryermmrres sz

s 2012 (541) RT4-8367T e pge—d wTg ““".ﬂ ﬂmm' l-.l-¢ Ravised April 1, 5022
& ANS) B Orimbeg USYETEME O o
l;-“:: + Bmaciva FRERES Mass Panel Products PR-L325 v“"mm‘:“'?“uﬂm.
L]
« @i Freres Lumber Co., Inc. lmued July3, 2018 (505, E84.3678 ‘p‘ PRODU : ‘ REPOR-I-
1
2. Producttc . a12an Products Freres Mass Panel Procuds ot Witk vBAQErEiTber cor .
SmartLa s M15ins Frorss Lumber Co., o, 14114% 51 Lyone, Omegon 97358 o . i
i = 2121 Bolivming Bamn PO
:;Jurg:::ﬁ;;: g ;ﬁ’:.: {503} §58-212 R « 2001 20°8 anc Kalesniko#f Cross-Laminated Timber PR-L332
Allevwable « ANSUAF ghtd cros-em Maleanikol Mass Timber Inc. Rewised March 28, 2022
Table 1, Tinbar 1. Bass of the produd mpod 12w 2008 | = DONT I Sech
manufac & APA Ry * 2018, 2015 and 2012 internationsl Bulding Code (BC): Section 10411 Allsmative T L ol e T b e o 200, Hai . Tt i
and lengl miatn e W oodes i ] . imoaer Dnsish Colurn
ludshg 20210 Sachi Conada WiN WA
2 &“—‘aﬁ = 2018, 2015 and 2012 International Re sdential Code [RC). Section R104.11 ABsrmative Iﬂm;‘:‘, : mﬂ.fﬁhm;’ [250] FO0-4211
3. gasaglf it matorals P 2 fecogniZed in th
e el quaiicatior + ANSUAPA PRG 120.2017 Performance Raled Cross-Laminated Timber W“N s * ANSUAPK PRO o o
ol shibe Mboewaiia = ASTM DS456-148, D5458-13, and D5456-00 re-ogrized by the 2018 IBC and IRC. 2005 ° X 1B and [BC, 2 . Of [P produUc) Tepon.
factors, € 1, DiRJCL IBC and IRC. and 2012 18C and IRC, respecively mnnled Fimbee & APA Bepors T3 2024, M8 arel 2015 ivismaslional Bullding Cesde (IBC Seclion F303.1.4 Structural
Approved grl':-cd“ T L e g _— ¥ # 202 IBC: Secion 104 11 Alernative madenasly
P O} Cemcrpior
shaarwal Produret * s L & 2000 2008 aeed 20158 dnilerrafonal Rescienial Coda (IRCY, Seclomns R502.1.6,
designs, 1. Dasign prog 2 denory VU O RE0Z 1.6, and RBEZ 1.6 Crpss-larminaied Bmibe
fahiad " Y MRGLTe Freres maas pare prducts [MPP ) arn manulpciused wish 1-nohdhick Freres 1.6E Doughts- 15 @ 4 croes BOCONENTE W EL v TOHE IR Socon RI0E 11 Alsmat maberek
with the s fir LVL in accordance wilh cusiom Byups of ANSUAPA PRG 320 Sheough produd e in A GRS ol » ANSUAPA PRO XI0-2010 Standard ki Porcrmance-Fated Crois-Laminated Timber,
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e

F‘"hhl'l..!l ! III H L |UNS
\S e :

= “-
\J

g B e R




.. THICKNESSES IN 1" INCREMENTS
. STRUGTURAL PROPERTIES IN APA
. PRODUCT REPORT PR-L325

Table 1. ASD Reference Design Values'"** for Freres MPP (For Use in the U.5.)

Major Strength Direction Minor Strength Direction

| o [ Theeneen® | sy, (EN)a (GAa (FsS) (El)en GAJr

Wy - ) :mf-ﬂ;:f (10° l:f-ii-rf"m: (10° tpim) | Vo UBETY) {llﬂf-f'n:i!ri;ﬂ (105 |hr-i'::gm} ?mﬁ ||:i|;} V.20 (D)
F1g-2 2 1,110 16 0.82 2,190 210 2.8 0.17 695
F16-3 3 1,870 51 123 2,190 355 9.0 0.26 695
F16-4 4 3325 122 1.64 2925 630 21 0.34 930
F16-5 5 5,200 238 2.05 3.650 985 42 0.43 1.160
F16-6 e 7,500 410 246 4,375 1,420 72 0.69 1,390

F16 F1&-T 7 10,200 B52 2686 5,100 1,930 114 0.81 1,630
F16-8 g 13,325 a73 3.04 5,825 2.525 170 0.91 1.860
F16-0 g 16,850 1,385 342 6,575 3,200 242 1.04 2,000
F16-10 10 20,825 1,900 3.80 7.300 3,950 1.15 2,320
F16-11 11 35,175 2,520 418 8,025 4,775 1.27 2,550
F16-12 12 29,975 3,283 456 8,750 5,675 1.38 2775

ForSi: 1in. =254 mm:; 1 ft = 304.8 mm; 1 Ibf = 4.448N

i Tabulaled values are allowable design values.

 Tabulated values are limited to MPP manufactured with 1-inch-thick Freres 1.6E Douglas-fir LVL.

izl Deflection under a specified uniformly distributed load, w. acting perpendicular to the face of a single
defiections due to moment and shear effects using the effective bending stiffiness, (El)es, and the effi

follows:
: - 5= 225wt 3wl?
W v T T (EDegy | 2(GAdery
‘. i 1q i 1_ w,,
3 IR where: & = Estimated deflection, inches; w = uniform load, pif;
e oL L = span, feet; (Eljer = tabulated effective bending stiffness, 10°
r |~ T " 5 T (GA)a = tabulated effective in-plane (planar) shear rigidity, 10® Ibfft MPP

= il
A . ~ - ~ I



PORTLAND INTERNATIONAL
AIRPORT — MAIN TERMINAL

PORTLAND, OR

GIF courtesy of PDXNext.com, Port of Portland






MASS TIMBER PRODUCTS

NAIL-LAMINATED TIMBER (NLT) PANELS
What is it?
Nail-laminated timber (NLT) is mechanically
laminated to create a solid timber panel. NLT is
created by placing dimension.lumber (nominal 2x;
3x, or 4x thickness and 4+in. to 12 in. width) on edge
and fastening the individual laminations together
with nails. 2

g

Image: Think Wood
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MASS TIMBER PRODUCTS

NAIL-LAMINATED TIMBER (NLT) PANELS
CONTENT INCLUDES:

 ARCHITECTURE

e . FIRE

o JI
* EN
* U

 CONSTRUCTIC
 ERECTION EN

U
L
P

CTURE
JSURE

LY AND

-ABR

N AN

CATION
J INSTALLATION

GINEE

FREE DOWNLOAD AT
WWW.THINKWOOD.COM/NLTGUIDE

RING



MASS TIMBER PRODUCTS

NAIL-LAMINATED TIMBER (NLT) PANELS

NLT PANELS CAN BE BUILT ON-SITE/IN-PLACE OR PRE-FABRICATED OFFSITE

'III'!-IIT.I/
s |
.'I'II’EfI. :.’

.....
L f




MASS TIMBER PRODUCTS

NAIL-LAMINATED TIMBER (NLT) PANELS

NLT DIAPHRAGM DESIGN
LACK OF TESTED, PUBLISHED DIAPHRAGM VALUES FOR
BARE NLT LEAD MANY ENGINEERS TO COVERING WITH PHOTO CREDIT: STRUGTURECRAFT BUILDERS

WOOD STRUCTURAL PANELS. DESIGN AS A BLOCKED,
SHEATHED DIAPHRAGM. USE SDPWS TABLE 4.2A/4.2B



| MASS TIMBER PRODUCTS

; NAIL-LAMINATED TIMBER (NLT) PANELS

| NLT SHRINKAGE/EXPANSION DESIGN:
~ RULE OF THUMB: LEAVE ONE PLY OUT PER 8-

10° WIDE PANEL



MASS TIMBER PRODUCTS

NAIL-LAMINATED TIMBER (NLT) PANELS

FLUTED PANEL OPTIONS
VARY LAMINATION DEPTHS

-' ﬂ ’ Iﬁ}fﬂ?h -




MASS TIMBER PRODUCTS

NAIL-LAMINATED TIMBER (NLT) PANELS

PRE-FABRICATED PANELS
OFTEN PRE-SHEATHED

ONCE INSTALLED, ADD
STITCHING STRIPS, TAPE
JOINT IF APPLICABLE

:; ', - e ;
ﬁ“ 0TO CREDIT: STRUCTURECRAFT BUILDERS



. T3MINNEAPOLIS

| MINNEAPOLIS, MN




234,000 sfs.

- 2x8 NLT Floor Pan
Glulam Beam and Cc

20'x25’ Grid\ '




13 MINNEAPOLIS

MINNEAPOLIS, MN

. e -

IMAGE CREDIT: EMA PE



BASS 7! BER PRODUCTS

MMATED TIMBER (DLT)

PHOTO CREDIT: STRUCTURECRAFT BU|LDER§__.-



| |
)

[y
=

PLT:

 SIMILARTO NLT — NAILS
CONNECTING LAMS REPLACED
WITH HARDWOOD DOWELS

COMMON IN EUROPE — OFTEN
REFERRED TO AS BRETTSTAPEL

 NOT CURRENTLY RECOGNIZED
AS PRESCRIPTIVELY
PERMITTED MATERIAL IN IBC

* TIMBER FRAMERS GUILD -
RESOURCES ON DOWEL DESIGN

PHOTO CREDIT: STRUCTUREGRAFT BUILDERS



VARIOUS PROFILE OPTIONS

PHOTO CREDIT: STRUCTUREGRAFT BUILDERS



CREDIT: NUEMANN MONSON ARCHITECTS

COURTESY: RYAN COMPANIE




CREDIT: STRUCTURECRAFT BiJTL-DERS

4 STORY, 66,800 SF SPEC OFFICE BUILDING

DLT PANELS, GLULAM FRAME






MASS TIMBER PRODUCTS

GLUE-LAMINATED TIMBER (GLT) PANELS

L AGE SOURCE MAL

GLULAM DECKING:

SIMILAR TO DEEP GLULAM BEAMS LAID ON THEIR SIDE

SAME CODE REFERENCES AND MANUFACTURING STANDARDS AS
GLULAM BEAMS AND COLUMNS

BE CAREFUL OF DESIGN STRESSES AND LAYUPS USED — SPEC
UNIFORM LAYUP CALL LAMS SAME SPECIES & GRADE)

IMAGE SOURCE: STRUCTURECRAFT BUILDERS



IMAGE SOURCE: STRUCTURECRAFT BUILDERS

I.Ilﬂ.!l.th.‘liﬂ.lllﬂ.lg‘_

¥

Adjust
Bending About X-X Axis Bending About Y-Y Axis
(Loaded Perpendicular to Wide Faces (Loaded Parallel to Wide Faces
of Laminations) of Laminations)
Compression Shear Parallel Modulus Compression | Shear Parallel Modulus
Parpandicular af Perpendicular of
to Grain Elasticity Bend@ng to Grain Elasticity
Tension |Comprassion Far Far Far F
Face Faca Defadion Stabill Deflaction Sta ity
Calculations Caﬂm Caloulations | Caloultions
acies E, Ex min Fioy Feiy E, Ey min
! Core (10° psi) | (10°psi) | (psi) (psi) (10° psi) | (10° psi)
1.8 0.95 1450 560 16 0.85
FIDF 650 650 1.8 0.9s 1450 560 16 0.85
FIDF G650 650 1.8 0.95 1550 560 16 0.85
FIDF 650 650 1.8 0.95 1400 560 1.7 0.90
FIDF 650 650 1.8 0.95 1750 560 1.7 0.80
FIDF 650 650 1.8 0.85 1550 560 1.7 0.80
T=]=] FAN TAN 1 B8 nas | 4700 FEM 1 E | 0O A5

VAL
LAY
OPT
LAY
GLT

MASS TIMBER PRODUCTS

GLUE-LAMINATED TIMBER (GLT) PANELS

" NDS SUPPLEMENT LISTS DIFFERENT DESIGN

JES FOR BENDING.

UP COMBINATIONS TYPICALLY

MIZED FOR BEAM APPLICATIONS.

UP COMBINATIONS AREN'T EFFECTIVE IN

JECKING APPLICATIONS



MASS TIMBER PRODUCTS

GLUE-LAMINATED TIMBER (GLT)

SAME SHRINKAGE AND DIAPHRAGM

CONSIDERATIONS AS NLT:

(AP PANELS TO ALLOW
MOVEMENT

 (GOVER WITH WOOD STRUCTURAL
PANEL FOR DIAPHRAGM

 AVAILABLE IN VARIETY OF
LAMINATION OPTIONS

Fluted
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https://www.woodworksinnovationnetwork.org/projects/?boundingBox%5BnorthEast%5D%5Blat%5D=45.74504016915964&boundingBox%5BnorthEast%5D%5Blng%5D=-122.05821671246593&boundingBox%5BsouthWest%5D%5Blat%5D=45.2338341744107&boundingBox%5BsouthWest%5D%5Blng%5D=-123.25435318707531&page=1
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