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4.5 Cross-l

i Timber (CLT) Diaphragms

4,5.1 Application Requirements

‘CLT diaphragms shall be permitted to be used to re-
sist lateral forces provided the deflection in the plane of
the diaphragm. as determined by calculations, fests, or
analoglm drawn therefiom. does nol excecd the mas-
fiection limit of attached load distrib-
\nmg or resisting elements. Permissible deflection shall
be that deflection that will permit the diaphragm and any
attached elements to their structural integrity
and continue to support their prescribed loads as deter-
mined by the applicable building code or standard.

4.5.2 Deflection

CLT diaphragm deflection shall be determined using
principles of engincering mechanics.

4,5.3 Unit Shear Capacity

CLT diaphragms shall be designed in accordance
with principles of cngincering mechanics using dcsign
values for accordance
with NDS provisions.

The nominal unit shear capacity, va, of CLT dia-
phragms shall be based on the nominal shear capacity
for dowel-type fastener connections used 1o transfer dia-
phragm shear forces, as calculated per 4.5.4, Item 1. ASD
allowable shear capacity or LRED factored shear resis-
tance for the CLT diaphragm and diaphragm shear con-
nections shall be determined in accordance with 4.1.1

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-
tener connections used to transfer
shear forces between CLT panels and between
CLT panels and diaphragm boundary elements
(chords and collectors) shall be taken as 4 5Z*,
where Z* is Z multiplied by all applicable NDS
adjustment factors except Cp. Ke, ¢, and ); and Z
shall be controlled by Mode ITls or Mode IV fas-

w

tener yiclding in accordance with NDS 12.3.1.

. Conncctions used to transfer diaphragm shear

Forces shall not be used to resist diaphragm ten-
sion forces

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

Exceptions:

1. Wood elements and wood splice connections
shall be permitted to be designed for 1.5
times the di: forces associated with
the shear forces induced by the wind design
loads.

2. Where dowel-type fasteners are used in
chord splice connections and the connection
is controlled by Mode III: or Mode IV fasten-
er yielding in accordance with NDS 12.3.1,
fasteners in the connection shall be permit-
ted to be designed for 1.5 and 1.0 times the
diaphragm forces associated with the shear
forces induced by the prescribed seismic and
wind design loads, respectively.

Diaphragm chord elements and chord splice con-
‘nections using materials other than wood or steel
shall be designed using provisions in NDS 1.4
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attached elements to maintain their structural integrity
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on Requirements

4.5.2 Deflection

CLT diaphragm deflection shall be determined using
principles of engincering mechanics.

4,5.3 Unit Shear Capacity

CLT diaphragms shall be designed in accordance
with principles of cngincering mechanics using dcsign
values for accordance
with NDS provisions.

The nominal unit shear capacity, va, of CLT dia-
phragms shall be based on the nominal shear capacity
for dowel-type fastener connections used 1o transfer dia-
phragm shear forces, as calculated per 4.5.4, Item 1. ASD
allowable shear capacity or LRED factored shear resis-
tance for the CLT diaphragm and diaphragm shear con-
nections shall be determined in accordance with 4.1.1

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-
tener connections used to transfer
shear forces between CLT panels and between
CLT panels and diaphragm boundary elements
(chords and collectors) shall be taken as 4 5Z*,
where Z* is Z multiplied by all applicable NDS
adjustment factors except Cp. Ke, ¢, and ); and Z
shall be controlled by Mode ITls or Mode IV fas-

w

tener yiclding in accordance with NDS 12.3.1.

. Conncctions used to transfer diaphragm shear

Forces shall not be used to resist diaphragm ten-
sion forces

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

Exceptions:

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

2. Where dowel-type fasteners are used in
chord splice connections and the connection
is controlled by Mode III: or Mode IV fasten-
er yielding in accordance with NDS 12.3.1,
fasteners in the connection shall be permit-
ted to be designed for 1.5 and 1.0 times the
diaphragm forces associated with the shear
forces induced by the prescribed seismic and
wind design loads, respectively.

Diaphragm chord elements and chord splice con-
‘nections using materials other than wood or steel
shall be designed using provisions in NDS 1.4

CLT Diaphragm
Design Guide

134 Pages!




19/05/2023

Organization

* Introduction

* Codes and Standards

* Methodology of CLT Diaphragm Design
* Diaphragm Shear Components

* Diaphragm Boundary Elements

* Diaphragm Deflections & Stiffness

* Special Design Considerations

* Design Examples (3 in total)

* References

* Appendix A — Precalculated Design Capacities
* Appendix B — Literature Review

Introduction

* Introduction
* Overview
* Purpose of the Design Guide
* State of Practice prior to 2021 SDPWS
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* Basis of Design

2021 I1BC
2019 ANSI/APA PRG 320
2018 NDS
2016 ASCE 7
2021 SWDPWS
* Nominal Unit Shear Capacity

* Calculated Method to Justify Rigid Diaphragm
Analysis of Cantilevered Diaphragms

e CLT Diaphragm Provisions

| TABLE 2.1: SDPWS 2021 design capacities

ASD Design Capacity LRFD Design Capacity
Loadin 7
o Vo/llp $ovn
Seismic Vn/2.8 0.50 vy
Wind Vp/2.0 0.80 vy

Where @, is the LRFD diaphragm resistant factor

* Components of a CLT Diaphragm

oésé‘ @ (?f
1 1 3
= Chard LEGEND:
- _— Callout A Fanel-to-panel spline detail
VN
N\

Distributed lateral load

FTERITEE TR TR TR T

Rl r
— . W s
| i - VL
I J
n < iU !L _F
FITTHTTE LTI TR TR TR TR LT T
Wiy . | R B I S

shPLE BEAMIDEALIZATION

| FiauRE 3.1: Disphragm idealization for design

Distribuled lateral load

| FrouReE 3.2: Example partial plan for CLT diaphragm

Callout B: Panel-ta-panel aver beam detall
Callout C: Panel-to-callector detall

Callout @ Panel-to-chard detail

Callout E: Collector-to-shear wall transfer detail
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* Philosophies of CLT Diaphragm Design

* Capacity-based design
* Elastic diaphragm design
* Force amplification design = 2021 SDPWS CLT Provisions

AWC: 24’x24’ CLT Diaphragm Test with Plywood Spline

11

Diaphragm Design Forces per ASCE 7-16

Fd'es:;qu = max (prrFx) +p* Fx,trar::‘fér

CLT Diaphragm Design Provisions per SDPWS

§4.5.1 - Applicable Requirements

CLT diaphragms shall be permitted to be used to resist lateral forces provided the deflection in

the plane of the diaphragm, as determined by calculations, tests, or analogles drawn therefrom,
does not exceed the maximum permissibie deflection limit of attached load distributing or resisting
elements. Permissible deflection shall be that defiection that will permit the diaphragm and any
attached elements to maintain their structural integrity and continue to support their prescribed
loads as determined by the applicable building code or stondard.

§4.5.2 - Deflection
CLT diaphragm defiection shall be determined using principles of engineering mechanics.

§4.5.3 = Unit Shear Capacity
CLT diophragms shall be designed in accordance with principles of engineering mechanics using
design values for wood members and connections in accordance with NDS provisions.

The nominal unit shear capacity, vy, of CLT diophragms sholl be based on the nominal shear
copacity for dowel-type fostener connections used to transfer diaphrogm sheor forces, as
colculated per 4.5.4, ltem 1. ASD ollowable sheor capacity or LRFD factored shear resistance for the
CLT diophrogm and diaphrogm shear connections shall be determined in accordance with 4.1.1.

12
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* CLT Diaphragm Design Provisions per SDPWS & @ c?f

* Yielding diaphragm components (i.e. shear =
dowels) are design to the diaphragm design il - EE Chord
forces AND must be controlled by yield modes -Ill . “
lls or V. || il

. 01 11}

=2 = FiesignASD -OR- $DVn > Fdesign, LRFD i I_{"."@
o ils | =

HHE = gl
— : : sz S
* Remaining components are designed to include [ il T

a force increase factor, yo, where R’yps = i L il
N . . [} I

adjusted design capacity. i cﬁf i Qav’é‘
R'nps z v Fesignasp  -OR-  R'NDS =YD Fdesign, LRFD [ i
* Combining with ASCE 7-16: 5l

—_- e -

v Fdesign = v max(Fpe Fed + y0 Q0 Feransfer Ed I?_@ 3| :
e 1

Lt ¢+ + + t t

Distributed lateral load

| FIGURE 3.2: Example partial plan for CLT diaphragm

* CLT Diaphragm Design Provisions per SDPWS (continued)

84.5.4 - Additional CLT Diophragm Design Requi (item 1) 4.5.4 Additional CLT Diaphragm Design

CLT diaphragms shall meet the following additional requirements: R I ts

§4.5.4, ltem 1. The nominal shear capacity for dowel-type fastener connections used o transfer equiremen

diaphragm shear forces between CLT panels and between CLT panels and diaphragm boundary

elements {chords and collectors) shall be taken as 4.52°, where Z*is Z multiplied by oil applicable ; . . N H e

NDS adjustment factors except Cp, Kg, ¢, and A; and Z shall be controlled by Made lils or Mode IV CLT diaphragms shall meet the following additional
fastener yielding in accordance with requirements:

NDS §12.31

1. The_nominal shear capacity for_dowel-type fas-

tener connections used to transfer diaphragm
shear forces between CLT panels and between

CLT panels and diaphragm boundary elements
(chords and collectors)_shall be taken as 4.57%,
where Z* is Z multiplied by all applicable NDS
adjustment factors except Co, K, ¢, and ; and Z
shall be controlled by Mode I1Is or Mode IV fas-
tener yielding in accordance with NDS 12.3.1.
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CLT Diaphragm Design Provisions per SDPWS (continued)

§4.5.4 - Additional CLT Diophragm Design Req (item 1)
CLT diaphragms shall meet the following additional requirements:

§4.5.4, ltem 1. The nominal shear capacity for dowei-type fastener connections used (o transfer
diaphragm shear forces between CLT panels and between CLT panels and diaphragm beundary
elements (chords and collectors) shall be taken as 4.52° where Z* is Z multiplied by oil applicable
NDS adjustment factors except Cp, Kg, ¢, and A; and Z shall be controlied by Mode lils or Mode IV
fastener yielding in accordance with

NDS §12.31

§4.5.4 - Additional CLT Diaphragm Design Requirements (item 2)
§45 4, ltem 2. Connections used to transfer diaphrogm shear forces shali not be used to resist
diaphragm tension forces,

Compliant
configuration

L1l

SN
NS 1T

Non-compliant
configuration PLAN VIEW

Butt joint with
wo rows of fasteners

El e =T S T S T =T34

==

I ] e ] ——

CLT panel, typ.
SECTION VIEW

15

CLT Diaphragm Design Provisions per SDPWS (continued)

§4.5.4 - Additional CLT Diophragm Design Req (item 1)
CLT diaphragms shall meet the following additional requirements:

§4.5.4, ltem 1. The nominal shear capacity for dowei-type fastener connections used (o transfer
diaphragm shear forces between CLT panels and between CLT panels and diaphragm beundary
elements (chords and collectors) shall be taken as 4.52° where Z* is Z multiplied by oil applicable
NDS adjustment factors except Cp, Kg, ¢, and A; and Z shall be controlied by Mode lils or Mode IV
fastener yielding in accordance with

NDS §12.31

§4.5.4 - Additional CLT Diaphragm Design Requirements (item 2)
§45 4, ltem 2. Connections used to transfer diaphrogm shear forces shali not be used to resist
diaphragm tension forces,

§4.5.4 - Additional CLT Diaphragm Design Requirements (item 3)

§4.5.4, ltem 3. Wood elements, steel parts, and wood or steel chord splice connections shall be
designed for 2.0 times the diaphragm forces associated with the shear forces induced from the
design loads

Exceptions:

Wood elements and wood splice connections shall be permitted to be designed for 15 times
the diaphragm forces associated with the shear forces induced by the wind design foads.

N

Where dowel-type fasteners ore used in chord splice connections ond the connection is
controfled by Mode Ills or Mode IV fastener yielding in accordance with NDS 12.3.1, fosteners
in the connection shall be permitted to be designed for 1.5 and 1.0 times the diaphragm forces
associated with the sheor forces induced by the prescribed seismic and wind design loods,
respectively.

Digphragm chord efements and cherd splice connections using moteriofs other than wood or steel
sholl be designed using provisions in NDS 1.4

TABLE 24: Summary of diaphragm force increase factors per SDPWS §4.5.4 ltem 3

< . Yo Design Guide
ompanent
i EQ Wind Eq. No.
Diaphragm Dowel-type fasteners in shear in panel-to-panel
shear connections and panel-to-boundary element diahragm HAT AT 320r33
at CLT panel edges shear connections
Dowel-type fasteners in shear In wood
Chord splice cherd spl'l‘:e:u;nll‘mcll':ljcc‘llc‘lrolled by 150 150
connections Sl B eI R
Others 20 20
Wood elements and Includes CLT panels, wood sheathing 340r3s
connections to wood not used for splines, wood framing used as 20 15
mesting the above chords and collactors
Steel elements Includes steel framing, plates and rods used
and connactions as chords or collectors and steel splines 20 20
between steel elements L

© Festensrs required 16 Be controlied by Made ly &f Mote IV per SDPWS §4.5.4 iteo 1.
© Increase foctors for fasteners contralled by Mods ill; or Mode IV per Exception 2 of SDPWS 54.5.4 item 2.

16
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* CLT Diaphragm Design Provisions per SDPWS (continued)
* Workflow of CLT Diaphragm Design

Select panel type and layout

* Amplification of Seismic Design Forces
per ASCE 7-16, Chapter 12 I
* Increase collector demands by 25% for certain “;%Eﬁﬂﬁmﬁmﬂ
irregularities in Seismic Design Categories D, E & F. |
* Amplify by Qo, for at discontinuities in vertical .
Design diaphragm shear elements
lateral system. |
Design diaphragm collectors
Design diaphragm chords
mmuw;mﬂmmm

| Fi6uREs.s: Generalized workflaw for wind and seismic design of CLT disphragms

17

* Analysis and Design for In-plane Actions

Framing below ,
[ LN ,_{w_\ =
& ! - CT
TS T O L
\ X Pl
= <~ ﬁ\rmr =
¥ STRESS AT A-A
\
L
Vi —

Vi t0 collector
A N N

9

(N N N S B

Distributed lateral load

e

STRESS AT B-B

| FIGURE 4.1: Free body diagram of corner CLT panel

18



¢ Panel-to-Panel Connections

Plywood spline with
twa rows of fasteners

CLT panel, typ.

- 1/16" typ.

TYPICAL SPLINE CONNECTION

Gauge steel spline with

two rows of fasteners

'Ii\ I I>-='ﬂ I I I?I
IE I I I I I ID{
CLT panel, typ.
TYPICAL SURFACE GAUGE STEEL CONNECTION
EQ Countersink
fastener
CLT panel, typ. e
«slt_l 1 I}v"ﬂ;—‘ 1 | I}r
| = = e e =
I 1

CLT panel, typ.

Countersunk
/ fasteren, typical |

BT =T =T =T>="T3
| —_————— — =]
| 1
I |
Glulam beam

k. Minimum edge distance
needed for fastener

FIGURE 4.6: Example of panel-to-panel over beam connection

SINGLE SHEAR

Mode I, =—— EI
Mode IV —=— %

DOUBLE SHEAR

=R
T

TYPICAL HALF LAP CONNECTION

| miGURE 2.2: NDS fastener Mades llls and IV

19

* CLT Panel Design

| FIGURE 4.3: Edgewise bending in the major {left) and minor {right) CLT strength directions

EQ —\ Lamella
perpendicular
CLT panel, typ. ]

E’I‘?ﬂ;‘fﬂj S
il e |

I%% I:-

——T =1 T 1T

Fastener through
reduced CLT sections

L |
Assumed shear

resisting planes

| FIGURE 4.4: Typical half-lap connection

20
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* Detailing Considerations

Possible spline
buckling or popplng

Closure of gap

Minimal gap Minimal gap
|
- Significant gap
BUILT CONDITION

Compression from diaphragm system behavior

POTENTIAL BEHAVIOR UNDER HIGH DIAPHRAGM LOADING

L 148" typ.

Caontinuous plywood spline
with {2) rows of faslenars

S-ply CLT panel, typ. 18" max.

EQ

21

Diaphragm Boundary Elements

TABLE 5.4: Seismic design force requirements for collectors,
including their splices and connections to the VLFRS

LEGEND:

— SCBF

[ ]  monpuaLoLT PANEL

—————  CHORDICOLLECTOR
TENSION STRAP

R GLULAM BEAM

[ ] GLULAM COLUMN
CLT PANEL EDGE

Source of Design Force I Required Design Force

SDPWS 2021 requirement for all collectors

¥o max({FpxFx) +¥D 2 Fransfer

ASCE 7-16 §12.10.2.1 seismic design categary C through F,
when not entirely braced by light-frame wood shear walls

SDPWS force increase |

em 1 Qo Fe+ Qo Fyeransfer
liem 2 120 Fpxeq 12,10-1 + 20 Fycransfer
liem & Fpxeq1210-2 + Do Fyeransfer

22
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* Compression Load Path

s e
<& <&
I i Chord
I -— —
I H
|| H
[ !
| i
i
118 E
e S — g -
ol l|® @
1S
i
i
| .
1§ e \\}6‘
2. ' J
|1 ! |
I

| FiGuRe s.5: Effective width in compression - continuous bearing

Primary load path ~ —-
Secondary load palh —

Compressian at panel boundarios

Beam

= Column

| FisuRe 5.4; Compression diagram

23

* Compression Load Path

Chord/collector
straps A ‘g

W q;\

-

H Wnumnng—r

FIGURE 5.6: Effective width in compression — discrete bearing

CLT panel, typ. Countersunk

fastener, typical

Glulam baam

r—,L Minimum edge distance
needed for fastener

FIGURE 4.6: Example of panel-to-panel over beam connection

24
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* Gravity Framing as Lateral Element
* If gravity elementis intended to serve as lateral element need to check for
combined loading

* Compression buckling of gravity member, in isolation or combination with CLT panel
* Tension in gravity member, INCLUDING across beam-to-column connection

* For all timber framed buildings additional checks include:
* Transfer of diaphragm forces from CLT to supporting gravity element
* Beam element for tension / compression demand
* Compression perpendicularto grain at beam-to-columninterface
* Tension load path across beam-to-column joint

* Maintaining deformation compatibility

25
* Diaphragm & Collector Connections to Steel VLFRS

CLT panal per plan

| |

: jL_, :--::L:::—-::‘__l:::—-:‘__l_‘_‘.a;" I}{]:ﬂ{l}?ﬁzﬁﬂil}{l}il

[ Y 1

Timber nailer with Panel to stesl baaL/

countersunk webkded fastener In shop plloted

threaded studs flange hales, g,

Wide flange Wide flange

heam per plan searm pr plan —‘h‘""'--.,__

= ——

26
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* Diaphragm & Collector Connections to Concrete Shear Walls

Reinforced concrete
shear wall

Steel embeded plate
with welded studs top

Panel to steel
angle fastener

Minirmum

adge distance
Minimum /1“
bearing length

\

and bottom, stagoered

Weld top and bottom

CLT panel

1 — . J
=

Weld collector to embed plate

Steel collector plate

Reinforcing welded
to embed plate

Renforead concrate shear wall —_—

| FIGURE 5.9: Diaphragm-to-concrete wall connection

| FIGURE 5.40: Collector plate to embed plate in concrete wall connection

27

* Diaphragm & Collector Connections to Concrete Shear Walls (Continued)

Reinforced concrele W
shear wall

Steel embeded plate
with welded studs top
and bottom

Weld top and bottom

CLT panel

Steel collector

plate —\
A}
Panel to steel
angle fastener
Minimum
edge distance I3

Minimum
bearing length

| FIGURE 5.11: Collector load path to concrete shear wall through CLT panel

28

14



19/05/2023

* Diaphragm & Collector Connections to Light Framed Shear Walls

Cuallector strap,
if needed

CLT panel, typ.

Wood-sheathad
shear wall

112" typ
Bottarm plale
Baottom plate fastenars, typ.

Shear wall
adge nailing

Wood-sheathed
shear wall

Double top plate

Top plata
fasteners, typ,

| FIGURE 5.45: CLT to wood sheathed shear wall example detail

29
* Classification of Diaphragm as Flexible or Rigid
| TaBLe 64 Diaphragm flexibility related to CLT diaphragms
Categery ASCE 7 §12.31 IBC §1604.4 SDPWS §4.1.7
Permitted when
Flexible ampn N/A Per ASCE 7
Aanve
Permitted when
i 8
Rigid /A MDD =2
AapvE
Total lateral force shall be
When not idealized as . Shall consider relative
distributed to elements of 3
flexible ar rigid, analysis ) ) stiffnesses of VLFRS &
Semi-rigid ) VLFRS in proportion to their ,
shall include consideration diaphragms; envelope
of diaphragm stiffness rigldities, considering the analysis permitted
Rhrag rigidity of the diaphragm ysis p
Bubn: Maximum in-plone dioghragm defiection (in)
A gy Averoge difl of edioiming verlical elements of the VLFRE over the siory below the diophragm wnder considerafion, urrdes
tributory feteral lood eguivalent to that used in the computation of Sypp in)
30
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| rasLe6.2: Diaphragm bounding analysis possibilities

* Semi-Rigid Diaphragm Analysis

Bounding Analysis

Stiff Case

Flexible Case

Envelope procedure

Rigid diaphragm

Flexible di

Semi-rigid bounding

“Stiff" semi-rigid analysis

“Flexible” semi-rigid analysis

Rigid and semi-rigid bounding

Rigid diaphragm idealization

“Flexible” semi-rigid analysis

Semi-rigid and flexible bounding

“Stiff* semi-rigid analysis

Flexible diaphragm ideslization

—

[

Diaphragm Deflection Equations
* Previously referenced equations

Sul? vL
BEAW 4Gyl

Bgia =

Lixd:)
+Cle, + =

* Proposed CLT specific equation by Lawson, et al

5. = (1.2 in) suwa’
dia 11t ) s6gad| | 4—6,.{.,

§ _(1zln)vwr'3
cantu Ay i J aEad? zG;.n;.

(_|_r|_+?u.ﬂu.) L(:;lu)

(m_'_ :;J_eu) +E(z ag)

SHEAR WALL
ol
SHEAR WALL

Fig. 1. Deflection parameters of a simple span diaphragm.
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Fastener Slip Relationships
* Limited in the NDS
* Manufacture Specific Data
* European Guidance

* Analytical Modeling of CLT Behavior

* Homogenous Model
* Discrete Models
e Component Models

Estimating Inelastic Seismic Deflections

Diaphragm with effective panel
and connection properties

| FiouRe 6.1 Homogeneus medeling of diaphragm

CLT panel ‘ | CLT panel

CLT panel ‘ | CLT panel

CLT panel / /H CLT panel

Connection zones

| FiGure 6.2: Discrete panels with effective connection modeling of diaphragm

328282222 22232332332333233222

CLT panel

108044

GLT panel

1SS S SRS EE++ESEEEEERSSEDI
H

GLT panel GLT panel

22322..32322

ddede sdiddd

Gebocodondpesttanntatosote

Gonnection springs.

| FiGuRe 6.3 Component approach

32
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* Sub-diaphragms Cortues el
» Staggered CLT Panel Layouts N \
* Alternate Diaphragm Procedures \
* Durability T T
- . -
- " — I " —
NON-STAGGERED DIAPHRAGHM STAGGERED DIWPHRAGM

| FIGURE 7.1: Non-staggered and staggered diaphragm conditions

Concrile or masonry

* Bracing of CMU / Concrete Walls vt

daphragms

w/ CLT Diaphragms 1

* Acceptable provided walls are self-

If wialks are do nat rely on wood

1 Walls are
sup portl ng g b VES SopE A1 E lateral systems 1o suppart setsmic
seftsupporing T2, e et s .
s docsnotapply | 1255 SOPWS coes not prohiai h

configuration. ASCE ¥ 121 and other

loads? material standarcls apphy.
4.1.5 Wood Members and Systems Resisting NO | SDPWS 415 applles
Seismic Forces Contributed by Concrete and
Masonry Walls
Supparting vES Cantllever diaphragms resist

Wood-frame shear walls, wood-frame diaphragms, d:ﬂ':nma — m;ﬁggé‘f;?;;‘.m met.
trusses, and other wood members and systems shall not
be used to resist seismic forces contributed by concrete
or masonry walls in structures over one story in height. o

Exceptions:

1. Wood floor and roof members shall be permitted N )

A ~ ~ Supporting Lateral force reststing system doss
to be used in diaphragms and horizontal trusses dapregmis  YES | sDPwsais not ety on torsicnal farce distibution
to resist horizontal seismic forces contributed by "‘:‘5‘:5 met ;"D‘x’_s"j‘?g‘e'"_t’:p;m‘n e farces
masonry or conerete walls provided such fore- '
es do not result in torsional force distribution
through the diaphragm or truss. NO

When SDPWS 415 is met, other requirements
such

Pranibition in cirift limi
Mot Perm SDPWS 415 applies out-of.plane det

and Exceptions '
ok met, mmatprial may appy.

ctian lmits of the wall

17
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* Savannah, Georgia: Wind vs Seismic Checks
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* Collector Design Checks
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* Chord Design Checks
Y PP
e
: —@
LEGEND = é
O rowssormm @ awsscoms 5 11TH FLOOR

37

19



19/05/2023

* San Francisco, California
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a2 Wood-Frame Diaphragms

4.2.1 Appiization Requiroments

Sheathed wood-TPg diaphragms shall be permit-

flection in the plane of the d

calculations, tests, or

ot exceed the maximum permissible deffd

atached load distributing of resisting element

Table 4.2.2 Maximum Diaphragm Aspect Ratios
(Flat or Sloped Diaphragms)

i shall extend into the diaphy

tance to develop the force transferred into the diaphragm.

4.2.2 Diaphragm Aspect Ratios

Size and shape of disphragms shall be limited

1o the aspect ratios in Table 4

prees provided e - Sheathed Wood-Frame Maximum
i deemunec ™ Diaphragm Assemblics L/W Ratio

sitof  Wood structural panel, unblocked E5]

Wood structural panel, blocked a1

Single-layer horizontally-sheathed lumber 21

Single-layer diagonally-sheathed humber 3

“Bouble-layer di ly-s 41

423 Defivation

Calculations of dplgaem deflection shall sccount

for bending and shear delSwgns, fastener deformation,

conMikyting sources of de-
hragm deflection, &, shall Dpegmitted to
be calculated by wse of the equations in Table 4.
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* Collector Design Checks
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* Chord Design Checks
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43

5-Story Residential w/ Sheathed SW’s

Example 3

* Portland, OR
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* Collector Design Checks
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* Individual Fasteners

* Spline Capacities

* Fasteners / Spline Capacities
* Steel Strap Capacities

Precalculated Design Capacities

| TABLE a.1.4: Naminal diaphragm shear capacity for spaced fastener in spline continued

Nominal Diaphragm Shear Capacity of Fasteners,

Reference Spline
Spline Material Fastener Vn =4.5LYS, & Spacing, 5*< (pif) Shear Capacity,
124n. 0.c 6. 0. [4-1n.0.c. | 3-in.0c. | 2n 0 | Fvi® (o)

CLT 56 = 0.50

Ganeral sheathing @3/32) Bacommennal_|_ 330 wss | wss | rew | terr e
General sheathing (23/52) 70d commen nall 388 B ) es2 | 2ae8 T8
General sheathing (23/32) Example screw 1 363 726 1089 1,452 e 1976
General sheathing (23/32) Exampio scrow 2 428 857 1,285 171 2,571 1,176
Stuctural 1sheatning (23/32) &d common nail 397 o3 1190 7586 | 2,378 1512
Structural 1sheathing [23/32) 10d comman nail 463 926 1,390 1,853 2778 1512
Stuctural 1sheathing (23/32)__|_Ewample screw1 | 423 a7 | 120 | 1693 | 2540 1512
Stuctural 1 sheathing (23/32) Example scew 2 506 102 1518 2024 | 3.086 1512
General sheathing (T8} 10d common nail 423 247 1.270 1,654 2,540 1440
General sheathing (78] od commen nal_|_ 286 572 | ass | 1ee | 20% 1410
General sheathing (T/E) Example screw 1 386 773 1158 1,548 2319 1440
General sheathing (748} Example screw 2 462 925 1387 1,849 2774 1440
Stuctural 1 sheaining (78] dcommonnal | 57| 1es3 | 1550 | 2967 | 3400 1584
Structural 1sheathing (7/8] 6d comman nall 587 117 1781 2340 | 3823 581
Structural 1 sheathing (/&) Example screw 1 461 923 1384 1,845 2,768 1584
Structural 1sheathing (/8] Examplo scrow 2 553 1417 1,676 2,234 2351 1584
General sheathing (H/8) 10d comman nail A4 968 1452 1936 2,904 1920
General sheathing (1-1/8) 16d commaon nail 555 1109 1664 2218 3,327 1,820
General sheathing (1-1/8) Example screw 1 434 B&E 1302 1,735 2603 1920
General shesthing (/8] Example scew 2 528 1055 (583 z0 3065 1920
Structural 1 sheathing (1-178) 10d common nail 529 1058 1586 2115 2173 2,12
Stuctural 1 sheathing (178) 6 commen nal | 638 | 1267 | 1801 | zs3s | 3801 2z
Structural 1sheathing (1-1/8) Example screw 1 527 1,054 1,581 2108 3081 2112
Structural 1sheathing (1-118) Example screw 2 603 1,206 1810 2413 3619 am2

a. Tabuloted values bosed on all odjustment factors applicable to Z° in NDS Table 11 3.1 equal to 1.0, (2

ANl fastener sapacity values pravided are controlied by Mode s or IV fastener yielding

b. Adjusted design splive capacity to be calculated from reference spine capacity using NDS Tabie 83,1,
i capacity is greater than the amplified demands per

c. Before using highiighted fostener
SDPWS $4.5.4:

pacity ., verify the

tjust

Varify adjusted spiine copocity is greater than SBPWS §4.5.4.3 Exception 1 for wind design,
Verify adjusted spline copocity is grecter than SOPWS §4.5.4.3 for seismic design and SDPWS 4.5.4.3 Excaption 1 for wind design.

Z) Designer to verify applicability.

48
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Component Level Testing
Full Scale Diaphragm Testing
Diaphragm Design Literature
Other References

B.S Summary of Significant Tests and Related References

| 8818 8.1 Lierature on smaikscale CLT panel-panel connection tests

icte Title Cannection FIIMIEEY WI‘:_O' Reported Additional Fastener Siip
At Type ELoading Loading Resuits Notes h
b Lood displocement | Test resute
00 atmonctoncand | compared with -
Wisurioce | S80mmand S61007M | Manotanic | Feratletto | cyciicloadings; ECSsengin | Koerl04Fmax)
ST fasaners loaded
spine e sndcyclc | shearpiane | peok oscscamping: | angsufess | | 0Kz ost
Somerer il | pregicnan | ¥414R0 Stness)
plasic sifinoss | equatons
Cyclc Loading F % d
Folocaotal,200) | imamal | 6rmanasmm sTS s e
echanical n-Plane | spine. with and withou e an
o=t = gt | e | omscuymg | e | ek
ontzBetueer | holtp | washor Stmmamontn | Manctonic | PSS | Losdcamymg | steronce |
Cromtominaed | ondsuioce | nalond 3154 pane | copscatoess | betwesn et | JTELI
Tiber Panets spine | twesdedsnanknais i)
Doyee etol. 2011 axi00mm ana [— v
Wechanical ot | 100100mm o dounie Crteloeangs | Fumrarssse
sonmourorinpine | 2 | spine:masaparisy. | Monstonic | parsnorto | poak ioacmiowsii | 2nISdSCIow
Shoa Connections | IO | il Pang | sedarcic | hesrpione | loscduciiyana | 2PN P Kaiasic
Betwoen CLT Wall st Tully-threaded IFT) elastic faste i
Paness foroutt ot moduus
Authorcatbratea
snian, 2012 i ine connection
wbasmese | o | ssodsomm | e | Pestenenae | (GRS | e
of Cross-Laminaea | SIS | ASSYUGInanearand | Manstonic | oy, | torcesaste na moiiea P -
Timber Floars - . e o a Smucl0.8m
LT daphveg
cacn
<orfiguraton
G stal, 2012 Wil to-val arael — T
Stengana sus0mm w0 roatetong [ Roeted :
Derormaton tpmd | wal perpendculan: | Monotonic | perpencicular
15 eportod oste an
Crarscrsies | sinearis | todsomm toare. | aosme | o | 5o st Ko 2y
of Typical X-Larn floor- 104D mm wall- b= e
Connestans o for 10<280mm <orfgurator
[r—
i stal, 2014
Dot s sl Load-carrying
Cyclic Behavior Surface sk lypep Manatanic Faraliel to capacty
eportodiaadad n Calulstaper Kaar
o Jonts it spime Sk sndeycle | shoarpiane e )
Sel-Topping Screws : i
In€LT Structures o
ety
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Thank you
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