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> Lateral Systems
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Central Core = concrete shearwalls

Photo Credit: structurecraft
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Mass: Timber Designh

Lateral framing systems

K
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Light-frame wood shearwalls

Photo Credit: woodworks
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Mass Timber Design

Lateral framing systems

interior steel moment frame

Photo Credit: woodworks
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wlLateral framing systems

Exterior steel moment frame

Photo Credit: woodworks
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SB [2]14
Code Recognized Vertical Seismic System

Photos: WoodWorks
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Nail-Laminated Timber
(NLT)

Tongue & groove
decking (T&G)

Mass Timber Products

Cross-Laminated Timber

(CLT)

Timber concrete composite

L
-

Image source: StructureCraft

Horizontal Framing

Glue-Laminated Timber (GLT)
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s Cross Laminated Timber s

Considerations:

« Large light-weight panels

« Dimensionally stable

* Precise CNC machining available
* Recognized by IBC

» Dual Directional span capabilities
» Often architecturally exposed

 Fast on-site construction

Graphic Credit: StructureCraft
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s What is CLT?

3+ layers of laminations
Solid Sawn or Structural Composite Lumber Laminations
Cross-Laminated Layup

Glued with Structural Adhesives

Max Length
24 to 64 feet*

Thickness
3to 20 inches*

Max Width
4 to 12 feet*

*All dimensions are approximate.

Consult with manufacturers
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s FLATWISE Panel Loading s

1 -
p."
: :
Span in MAJOR Strength Direction Span in MINOR Strength Direction
“Parallel” Direction “Perpendicular” Direction
Use subscript ‘0" in Notation Use subscript ‘90’ in Notation

Reference & Source: ANSI/APA PRG 320
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mmsm EDGEWISE Panel Loading

Span in MAJOR Strength Direction Span in MINOR Strength Direction

Reference & Source: ANSI/APA PRG 320
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s Shear Force Terminology & Jargon

Through=tha-Thicknoss Shoar

Shear Ared

Source: ANSI/APA PRG 320-2017 Source: NDS 2015 Manual

Through-the-Thickness Shear NDS 2015: F.(t.)
In-plane Shear Forces PRG 320-2017: F,.ot, & Fyegots
EDGEWISE Shear in PRG 320-2017
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CLT in In-Plane (Edgewise) Strength

Source: ICC-ES/APA Joint Evaluation Report ESR 3631

145 to 290 PSI Edgewise Shear Capacity
= 1.7 to 3.5 kips/ft (ASD)
per inch of thickness!

Consult with the Manufacturers for Values
Source: APA Product Report PR-L306

Multiply by Cd = 1.6
for short term ASD strength

CLT Panels can have > 9 kips / ft in-plane
shear capacity

24
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e CLT in the U.S. Building Code - IBC 2015

Stanudard For Performance-Raiid
sl arminemed Tinedher

D 225 _—

ANSI/APA PRG 320 2011 AWC NDS 2015 2015 International Building Code

CLT Recognized in the Model Building Code!*

(*for gravity systems with existing Construction Types)
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CLT in the U.S. Building Code - IBC 2018

Stirclard ks Pekomicimoe-Flatel
Cirvss- amnimased Tinsher

<

Now with test methods for
in-plane shear capacities!

@ A2

ANSI/APA PRG 320 2017

AWC NDS 2018

General improvements.

2018 International Building Code

27
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CLT in the U.S. Building Code — IBC 2018 (Lateral)

Where Wood Lateral System Where Seismic (R values)
Requirements Reside. and Wind Systems are
No CLT Referenced. No CLT
pans
AWC SDPWS 2015 ASCE/SEI 7-16 2018 International Building Code

No explicitly recognized requirements for
CLT Lateral Systems in 2018 IBC

28
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CLT in the U.S. Building Code — IBC 2021

Standord for Performonce-Rated
Cross-Lominated Timber

5C

ralERPLA
AL, Dbl
COH

With new and improved
adhesive qualification tests

Now with

— IV-A, IV-B and IV-C
s T Construction Types
|
ANSI/APA PRG 320 2019 AWC NDS 2018

2021 International Building Code

New Type IV Mass Timber Construction up to 18 Stories!

29

70



5/5/2022

CLT in the U.S. Building Code — IBC 2021 (Lateral)

IBC

M T ERRLAT
ALGLDiG
i e

Now with CLT shear wall and
diaphragm requirements

AWC SDPWS 2021 ASCE/SEI 7-16 2021 International Building Code

New Requirements for CLT Lateral Systems in SDPWS 2021!
Referenced from IBC 2021

30
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s 2021 Special Design Provisions for Wind and Seismic mmms|

Top Changes Relevant to CLT Lateral Systems:

- New unified nominal shear capacity

SD ws - New CLT Shear Wall requirements

SPECIAL DESIGN PROVISIONS - New CLT Diaphragm requirements

FORWINDAND SEISMIC

View for free at awc.org

PowerPoint IS NOT the CODE!

31
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s 2021 SDPWS — Unified Nominal Shear Capacity ]

For sheathed wood frame shear walls and diaphragmes,
SDPWS 2015 has two nominal shear capacities

Vg Nominal shear capacity for seismic loads

SD Pws VU Nominal shear capacity for wind loads

SPECIAL DESIGN PROVISIONS

FORWINDAND SESMIC SDPWS 2021 has one nominal shear capacity for both
wind and seismic

Un Nominal shear capacity

32
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SDPWS

SPECIAL DESIGN PROVISIONS
FORWINDAND SEISMIC

AMERICAM
WOOD
COUNCIL

To calculate the ASD or LRFD shear capacity, SDPWS

s 2021 SDPWS — Unified Nominal Shear Capacity s

2021 has different reduction factors for wind and

seismic
Design shear capacity
ASD LRFD
Wind Vp/2.0 0.8 Uy
Seismic vn/2_8 0.5 Uy

33
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s CLT Shear Walls in SDPWS 2021 |

Platform Framed CLT Construction

applied load v,

CLT Floor B
Floor or Roof
— s
Above Wall
c
=
H
O
Floor or Foundation
Below Wall e ———
CLT Floor v —

Section View Elevation View
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s CLT Shear Walls in SDPWS 2021 |

Platform Frame CLT Construction

applied load v,
CLT Floor Q

Floor or Roof
— s
Above Wall

CLT Wall

Floor or Foundation
Below Wall e ———
CLT Eloor elow Wa P

Section View Elevation View
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CLT Floor

CLT Wall

Floor or Roof

Above Wall

Floor or Foundation

CLT Floor

Section View

Below Wall

s CLT Shear Walls in SDPWS 2021 |

Platform Frame CLT Construction

applied load v,
B

L L L

00 e e |
\

Elevation View
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CLT Floor
Floor or Roof
Above Wall
c
=
H
O
Floor or Foundation
Below Wall
CLT Floor elow e

Section View

Platform Frame CLT Construction

s CLT Shear Walls in SDPWS 2021 |

applied load v,

Q

O O

O O | = O

P

Elevation View
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s CLT Shear Walls in SDPWS 2021 |

Platform Frame CLT Construction

applied load v,
CLT Floor Q

Floor or Roof
Above Wall

CLT Wall

Floor or Foundation

B
CLT Floor elow Wall P

Elevation View

Section View

38
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s CLT Shear Walls in SDPWS 2021 |

Platform Frame CLT Construction

applied load v,
CLT Floor
Floor or Roof
Above Wall
c
=
H
O
Floor or Foundation
B
CLT Floor elow Wall

Elevation View

Section View

39
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CLT Shear Walls in SDPWS 2021

Panel to Panel Connection Panel to Platform Connection
0.105” ASTM A653 Grade 33 Steel Same steel plate and nails plus
(8) 16d box nails to each wall panel 5/8” @ bolts or lag screws to roof, floor or foundation

3.5” long x 0.135”@ shank with 0.344” @ head

40
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CLT Shear Walls in SDPWS 2021

Panel to Platform Connection Nominal shear capacity

Vp =2605 C; [Ibs] per angle connector

C. adjusts for specific gravity, G of CLT

C;=1.0 for G>0.42
=0.86 for G=0.35
=1.0-2(0.42-G) for0.42>G>0.35

Nominal unit shear capacity:

Vp =n (2605 /b,) Cg [Ibs/ft]

41
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CLT Shear Walls in SDPWS 2021
(other)
CLT Shear Walls CLT Shear Walls

not meeting Appendix B meeting SDPWS 2021 Appendix B

oo — oo - o—o o g = T B
< .
- width, b,
L & o
.Eo - »
(V]
L

with shear resistance provided by high

Seismic Design Category A . aspect ratio panels only (SDPWS B.3.7)
or SDC B and < 65’ tall Panel aspect ratios
P .
in SDPWS 4.6.3 Exception 2 < hfb, <4 Pa“e:j;peftft'“

42
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R =

or4dorl.5?
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R Values for CLT Shear Walls in SDPWS 2021
(other)
CLT Shear Walls CLT Shear Walls

not meeting Appendix B meeting SDPWS 2021 Appendix B

= =t | =1 = = = = ﬂ—D—‘—D—D—“D‘D—H—m

Panel aspect ratios Panel aspect ratios
2 < hjb, <4 h/b, = 4

b el e

R=1.5 R = 3.0% R = 4.0%

Cd = 15 QO = 25 Cd = 30 QO = 30 Cd = 40 QO = 30

In SDPWS 2021 4.6.3 * ASCE 7-22
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SDPWS 2015

ot

Now with CLT shearwalland |
diaphragm requirements

AWC SDPWS 2021

CLT in the U.S. Building Code — Lateral in IBC 2021

IBC

M1 ERRLATHINAL
ALELDiG
i 5

Where Seismic (R values)
and Wind Systems are
Referenced. No CLT

ASCE/SEI 7-16 2021 International Building Code

New Requirements for CLT Lateral Systems!
(but R values for CLT Shear Walls not in ASCE 7-16)
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s CLT in the U.S. Building Code — Lateral in the IBC 2024 ? i

Hinimum Design Logde snd
i

SIP-'

4 SRR ESGN PRSI
F ftl'-'mmmtm '

Now with
Platform Framed CLT Shear Walls

Now with CLT shear waII and
diaphragm requirements

ASCE af’rocess

AWC SDPWS 2021 ASCE/SEI 7-22 2024 IBC
(now available) (in process)

Possible Future Full Recognition of CLT Lateral Systems

46

NG



5/5/2022

mmmm State of Oregon Statewide Alternative
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State of Oregon Statewide Alternative

ASCE 7-10 Table 12.2-1 modified by Oregon Buildings Code Division

:'l_|.'|-\.l-\.-\.-|.l||'-"x|:'q_l Limber -\.!..'d" in g Els EARFT T RE R : »

- B BHL EL BHL BHL
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s Range of Systems in Research |

Mass Timber Post-Tensioned Rocking Shear Walls
CLT Balloon Framed Shear Walls

49
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memm Mass Timber Post Tension Rocking Shear Wall Tests  mmmmn

<SS D o W

Source: S. PEI et al. http://nheritallwood.mines.edu/
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s 2021 Special Design Provisions for Wind and Seismic mmms|

Top Changes Relevant to CLT Lateral Systems:

- New unified nominal shear capacity

SD ws - New CLT Shear Wall requirements

SPECIAL DESIGN PROVISIONS - New CLT Diaphragm requirements

FORWINDAND SEISMIC

View for free at awc.org

PowerPoint IS NOT the CODE!
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mesm Diaphragm Strategies with Horizontal CLT o

Option 1: Structural Topping as Horizontal Diaphragm
(1A) Structural Concrete Topping

Finish Floor if Applicable

Acoustical Mat Product

CLT Panel

No direct applied or hung ceiling

Careful detailing to provide adequate
load path, minimum rebar cover, etc.

52

=9 ]



5/5/2022

mmmm Diaphragm Strategies with Horizontal CLT o

Option 1: Structural Topping as Horizontal Diaphragm
(1B) Wood Structural Panel Topping

WSP as diaphragm

CLT Panel as
laminated decking

Classify as blocked WSP diaphragm per SDPWS 2015 4.2.7.17
19/327 thick 4ft by 8ft panel vs 4 1/8” thick 8ft by 24 ft panel?

53
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mesm Diaphragm Strategies with Horizontal CLT o

Option 2: CLT as a Diaphragm

Toppingand Flooring "~~~ "~
as needed

CLT Panel as
Diaphragm

54
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CLT Diaphragms

Strength of CLT rarely
governs.

Strength of Connections
covered by NDS and
Proprietary Fastener

Evaluation Reports

55
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[0 24’ x 24’ CLT Diaphragm Test with Plywood Spline by AWC |

Diaphragm behavior
controlled by connections -

Photo: (add better one)

57

c7



5/5/2022

B L Apliaieee Oegmrpmasly

TLT dagplanpe shall b prvmmsl w0 b @i e
e Lepeud Beve s preoded B deflerson @ e plaer o
e ol b SRl I GE e BT
ey A derrhvee vy B enernd e muns
i [ o sy’ A T Lol 1 T e ot i
EER] T PR e Premssior e hall
b kel vy Gl wn k. ey e u gl syl
b AP B DLTIES SNY ErITGE EHET
il o e Bew el s gy e
] bty appdeniiy el by cade W aaala

407 DrBeclies

[ 4 Jroras— el e —
e ol o ey e o

A5 Una Lt s Coaadiby

AL dglagems Pul e drgreel m nrrelas e
ol ol g ] e g e e | sy S R
1 ik fow mrmal ey e e e
el NTER s .

T oamnall il el Chpaaly, s W CLT 4s.
s whadl by baeed on B nomenl shels CECATY
Lo hsard b Dot e lermn ] b 6w b
s daar foeras. 6 el pan 8 5 4 B | 43D
e el shwasi o’ P i LEF D P il ahetom s
i e i TLT Sogfoapm aad Soghaagm dhaa con
el br = wuilz ¥ | |

LA I_-ﬂﬂ.'l'-“_
[T

LT ke e ] peowi B dobicerng sbdemsd
¥ Pl

b Tl s e capat o e e e
et wel v resin Sophages
shiw fmrr b (5T gl el s
LT prwh wnl o Toemcler vl
il gk ol sl b ulos e 4 0
whwt 17 s 7 ol by o applerails SR
nipmimeni fnderny evonps U Ko, b i 5, ol £
whuactl b el b liade s v el 1% T

ey ey m mcermibeen v NTPS 13011

I Cemmevoom mad = emwin dopirips. #am

rmg ey i el b el e s e
L

ivmd ok il parts e e
el splad rosiiestanke il by diwpeed b6
S0 ey e baptuErms decm meead ek
e e L mlee] i e S bk

J i e

1 o sty el wood Hplew
il B prrmeted b b i 11
s S Sapiragm et es waki
o ey frors weisaed Ty e ormdidram
wmby

f Whei dhimwdl e

plasid apleir i e B i fam

% s el W

gy by [T o Mikawbee 1 Ko
e perliomy ma o il Ok B3 N R
Aimery & B crmeriem dul b prme
il i b o 7 1 s

B imesnael mid da diis
Lmee R SN ST e p——
L Laadk et dh

E g s T i el bl gele o i
VLR i) PR i e e el W BT
A PR T R e e 4 SRR |

/

mmmm 2021 Special Design Provisions for Wind and Seismic mmms|

4.5 Cross-Lambnated Timbar (CLT) Diaphragms

4.5.4 Additional CLT Diaphragm Design
Requirements

CLT diaphragms shall meet the following additional
requirements:

1. The_nominal shear capacity for_dowel-type fas-
s G i e . "
shear forces between CLT panels and between
CLT panels and diaphragm boundary elements
{chords and collectors) shall be taken as 4 57%,
where 2% is Z multiplied by all applicable NDS
adjustment factors except Co, Kr, ¢, and A; and £
shall be controlled by Mode Uls or Mode IV fas-

tener yielding in accordance with NDS 12.3.1.
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Diaphragm Shear Connections

118" gap, typical
Maintain regusnad Instasiation
edge distances options for
) {astenars _‘\

Diaphragm shear connections at CLT panel edges:

Use dowel-type fasteners in shear (nails, screws, bolts)
Yield Mode llIs or Mode IV per NDS 12.3.1 controls capacity

59
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Connection Yield Modes Per the NDS

60
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CLT Diaphragm Shear Connection Design

Nominal capacity of CLT diaphragm shear connection fastener:
_ *
Z, =457

Where Z"is reference lateral capacity Z of NDS
multiplied by all applicable factors except Cp, K, ¢, A =1.0

SDPWS 2021 Section 4.5.4(1) and NDS Table 11.3.1

61
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CLT Diaphragm Shear Connection Design

Z*

1.0

1.0
£

/

Also 1.0 for CLT Diaphragm Shear Connections

SDPWS 2021 Section 4.5.4(1) and NDS Table 11.3.1

1.0 1.0 1.0

62
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s 2021 SDPWS — Unified Nominal Shear Capacity msm

To calculate the ASD or LRFD shear capacity, SDPWS
2021 has different reduction factors for wind and
seismic

SDPWS [I=Eale

- 1 vn/2.8 0.50 vq
SPECIAL DESIGN PROVISIENS
FORWINDAND SEISMIC Wind v (2.0 0.80 vq

For ASD seismic:
457*/28=1612* = Ch,Z=16Z

SDPWS 2021 Section 4.1.4

63
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s 2021 SDPWS — Unified Nominal Shear Capacity msm

ASD Design Capacity | LRFD Design Capacity
vn /0D dova

Selsmic vpl2.8 0.50 vy

SDPWS [ji I EECTEE BT

SPECIAL DESIGN PROVISICNS

FORWINDAND SEISMIC

SDPWS 2021 Section 4.1.4

64
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Other CLT Diaphragm Components

Lateral Load

Chord

o

|

Diaphragm Shear, v \r\—ﬂ

-
o

o

Shear Transfer Details:

a — panel to panel

b — panel to panel over beam

c — panel to wall / collector

d — panel to chord

e —shear in panel (and splines)
Other

z — chord and chord splice

y — collector and collector splice

65
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|

L | e | o

116" gap

Section wiew

li.;i_:‘.".alr':."'._il-f
| da e
i D T
Phywood or LVL

spling in oversized

LLEEL

Remainder of Diaphragm (Force-Controlled)

/\“mw

CLT panel typical

Blainkain required imstallaton

adge dislances options. for

lasloners

ra I
Threads only .~ j
in beam through
prn-dril-ud
a) Crver wood Beam h-l'ﬂ"ﬂr:lll.-rﬂh-urn ] Crwer wood stud wall
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mmmm 2021 Special Design Provisions for Wind and Seismic mmms|

Wood elements, steel parts, and wood or steel
chord splice conmections shall be designed for
2.0 tumes the diaphragm forces associated with
the shear forces induced from the design loads

Exceptions:

=

Wood elements and wood sphice connections
shall be permitted to be designed for 1.5
tmes the diaphragm forces associated with
the shear forces induced by the wind design
loads.

Where dowel-type fasteners are upsed m
chord sphice connections and the connection
is controlled by Mode [T or Mode IV fasten-
er vieldmg m accordance with WND5 12.5.1,
fasteners in the connection shall be permit-
ted to be desipned for 1.5 and 1.0 imes the
dizphragem forces associated with the shear
forces induced by the prescnbed seismc and
wind design loads, respectively.
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s Other CLT Diaphragm Components s

1 Comnections used fo tramsfer disphragm shear
forces shall oot be used to resist diaphragm ten-
suon forees

i Wood elements, sheel parts, and wood of ateel
chord aplats comnechions shall be desgoed o
10 e the diaphragm forees axsccuted with
the shiear foeres endoced from the desgrn lomds

Exceptions:
1. Weod elemends pnd weod splice connection
Force Increase shall be permitted 0 be designed for 1.5
; tmed the daphragm forces amociated with
Component i AL the sthest Rivces indoced by the wind desiga
Selsmic | Wind loads

L Where dowel-type Doaleners are wied m
Chord splice connections beteeen choed sphee commections and the comnechion
Wl alsnts wivst Sy oo seciion 15 10 s controtied by hlods IIL or Aode TV fasten-
s using Snsdenors i shear confrofied & viekdmy s scoordence wiik NDE 1211,
by ykeld mode [y or IV faviener m the connection shall be pereyi-
ted o be devipned for 1.9 asd 10 omes the
Wowosl sterments amd connections diaphrapm ferces pnocmted with the shear
mmlmmmmm ah L forces mduced by the prescribed veiamic and

wrmsd desdgn loada, respecizvely
Steil elements including cannection 20 20 Disgi el Ak e e Rl
i et i m-mll:.ltuuhulhﬂﬁmw;ﬂnﬂd

shall be desaned osing proviasms m NDS 1.4
See SDPWS 2021 Section 4.5.4 for the full information
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mmsm More information

* Detailing for performance and
constructability

* Determination of diaphragm flexibility
* Calculation of diaphragm deflections
* Precalculated connection capacities
¢ Combination SDPWS vy,
and ACSE 7Q_and p

Available from woodworks.org

*

CLT Diaphragm Design for
Wind and Seismic Resistance

Ulsing SDP WS, 2001 and ASCE T-22

1 — e L b b -y [Tl = ]
- ) " ’ e

N -I - . -
i - re e
= . S = oy = =y L |
T T f=" 2 =g 1w - -
- I —_—
aw ¥ o e
- LR - a. = a = IR
= - — e s = =1 =2
ra s e o a n 1 s Wl 7
=
n . L -
- 1ree
. . i Tmsar Cagerry
2 3. - . ' § WS
o - ray raa )
= - a = = n 1
i ] s s - a T
- ™ =i 1
. a re
i i i
. gty iy
am s
i . -
T - -
- s ra REFEAL
i Ve
e
-

69

a0



5/5/2022

s WoodWorks CLT Diaphragm Design Guide

WOODWORKS"

WoOD PRODUATE COUNDIL

CLT DIAPHRAGM DESIGN
GUIDE

Under Development By:

WOODWORKS"

WOOD FHODUCTS COUNGIL

k-pﬂf SWINERTON '

Funded By:

{ U.S. Endowment
for Forestry and Cormmunitias

LUSDA
]
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mmsm WoodWorks CLT Diaphragm Guideline with Examples s

Worked Examples:
* Geographic Distribution
* High Seismic
* Low Seismic & High Wind
* Varying vertical lateral systems
* Core Configurations
e Distributed Layout
* Light Framed Shear Walls
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s WoodWorks CLT Diaphragm Guideline with Examples s

Core Configuration:
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s WoodWorks CLT Diaphragm Guideline with Examples s

Distributed Lateral System:
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mmmm WoodWorks CLT Diaphragm Guideline with Examples s

Light-Framed Shear Walls
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memm Additional Resources — WoodWorks.org |
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@ WoodWorks

WO, PO 1Y COURTR

Cudo Applicatisny, Comvirscibon Types aral Fire Ragings

Fire Design of Mass Timber Members

memm Additional Resources — WoodWorks.org |
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memm Additional Resources — WoodWorks.org |

Inventory of Mass Timber Acoustic Assemblies

Ty 1: LT Mioor Aisemblies with Concrete/ Sypaum Topping, Ceiling Sds Exposed K5 Woodioris

o woonmons | e e

Acoustics and Mass Timber:
Boom-to-Room Noise Control
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Tall Weod Bulldings in the 2021 IBC
Up to 18 Stories of Mass Timber
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> Questions?
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