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Learning Objectives

*  Understand the structural and fire
engineering requirements for mass
timber commercial buildings

* Define the IBC (2018) code
compliance pathways

* Provide proper specification of
materials and assemblies

* Define and apply appropriate design

methods
3 June 12,2019 Engineering Requirements for Mass Timber Buildings
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Fundamentals of CLT & Glulam Behavior
Mass Timber Building Design Requirements
Best Practice for Building Design

Additional Requirements

Q&A
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The Origins of the Mass Timber Movement

5 June 12,2019 Engineering Requirements for Mass Timber Buildings

CLT Missionaries

HISTORY OF CLT

1585 First patent for €LT in France
1993 First projects i CLT from P, Schuler and K. Maser in Swatzerand and Germany

1994 Dissertation Professor Schickhofer

1995 Research project Bresta-V and Brsta-H
- 1995 - 1996 Developement of press technalogy

1997 F KL

1998 First mustistony residential buiding in Styria, Austria
1998 First natianal apgrovabs for Merk in Germany and KLH in Austria and Germany
1999 After twa years of trial operation - bullding 3 rew plant

2000 - 2004 Budding up the European market

2005 Otymipic games in Toro

2005 Establishment aof KLH UK in London

6 June 12,2019 Engineering Requirements for Mass Timber Buildings
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CLT Missionaries
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CLT Cowboys
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CLT Pioneers

9 June12,2019 Engineering Requirements for Mass Timber Buildings

CLT Snake Oil Salesman
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CLT Sheriffs
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CLT Civilization
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CLT Global

Product Supply

13 June 12,2019 Engineering Requirements for Mass Timber Buildings

13

CLT - Global Manufacturers/Fabricators

SMARTLAM =
s CIBACLT®RS
Japan
P 24
XLam
Ze’:?z‘::ld

Oregon

NORDIC

Quebec

LAMINATED TIMBER

STRUCTURLAM HASSLACHER DER IH

Austria

storaenso
Europe

binderholz

British NORICA TIMBER
Columbia Austria Austria Germany
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INTRODUCTION

Mass Timber Products — Washington State

Phase 1: niche product =] Phase 2:

- CLT production

Phase 3: mass production (7)
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TIMBERS

Colville WA

Mass Timber Products — Washington State

|| & KATERRA

Spokane Valley WA
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Mass Timber Precedents

17 June 12,2019 Engineering Requirements for Mass Timber Buildings
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Mjostarnet — Norway (Height = 280ft)

18 June 12,2019 Engineering Requirements for Mass Timber Buildings

18

Reproduction not permitted without permission 9



2019 SEAW Spring webinar
Mass Timber Buildings

Oregon State Peavy Hall — Corvallis

19 June 12,2019 Engineering Requirements for Mass Timber Buildings
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Oregon State U — Emerson Advance Wood Products Lab

20 June 12,2019 Engineering Requirements for Mass Timber Buildings

20

Reproduction not permitted without permission 10



2019 SEAW Spring webinar
Mass Timber Buildings

Catalyst Office/Education — Spokane WA

21 June 12,2019 Engineering Requirements for Mass Timber Buildings
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The Postmark, Shoreline WA
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T3 — Hines Atlanta GA, Minneapolis MN

23 June 12,2019 Engineering Requirements for Mass Timber Buildings
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Wood Properties
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- Feam plot of Cumuiotie DistrBution

Wood Properties

~We bull Disiribution

- ~Normal Disiribution

Frequency

o 2000 4000 6000 8000 10000 12000 14000
Stress (psi)
Fic. 1. Histogram and distributions for sample
of two hundred and forty 2 X 6 joists (Weibull and
normal).

Probability of
occurrence

5t parcentilé values Strength
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Concrete Properties
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Relative Mechanical Properties

1.0
0.9 A
0.8
0.7 A
0.6
0.5
0.4 A
0.3
0.2 4
0.1+

0

Relative specific properties
(per unit mass basis)

[ Sawn timber
M Steel
I Plain conc

T
Tension Compression MOE

Fig. 2.2: Approximate relative specific mechanical properties of common construction materials
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Representative Stress v. Strain Relationship for Wood
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Representative Stress v. Strain Relationship for Wood
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Representative Load Deformation Relationship for Fasteners
FORCE
100%
anched joints
Circular notch Wlﬂi dowel E ‘
Nailplates
Dowel type fasteners
6
SLIp
T >
15mm
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Truss Chord Splice - Axially Loaded Screws

Source: WIEHAG
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Fire Properties

Cold Wood

Heated Zone

Char Layer

32 June 12,2019 Engineering Requirements for Mass Timber Buildings

32

Reproduction not permitted without permission 16



2019 SEAW Spring webinar
Mass Timber Buildings

Fire Properties

Char rate (NDS / TR-10)

Table 4.1.1.4A Char Depth and Effective Char Depth char
(for Bn = 1.5 inches/hour) o al A - - d 5
Required Fire Char Depth, Effective Char
Resistance Achar Depth, aett b b

(hn) (i) (in)
1-Hour 1.5 1.8 T
1%-Hour 24 25 8 8
2-Hour 2.6 32

4-sided exposure 3—sided exposure

Table 4.1.1.4B Effective Char Depth (for CLT with ,=1.5 inches/hour)

quired Fire Lamination Thick hiam (in.)

i 58 | 34 | 78 [ 1 [ 114 [ 1308 [ 112 [ 1314 [ 2

(hr) Char Depth, achar (in.)

1-Hour 18 1.8 1.7 1.7 1.7 1.6 1.5 1.5 1.5
1%-Hour 28 27 26 25 24 24 24 23 22
2-Hour 37 36 34 34 32 32 30 3.0 3.0

Effective Char Depth, aet (in
1-Hour 22 22 2.1 20 20 1.9 18 1.8 1.8 ES
1%-Hour 34 32 3.1 30 29 28 28 28 26 ACCOL.I nts ) for
2-Hour 44 | 43 | 41 | 40 | 39 | 38 | 36 | 36 | 36 | delamination
33 June 12,2019 Engineering Requirements for Mass Timber Buildings
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IBC Construction Types

34 June 12,2019 Engineering Requirements for Mass Timber Buildings
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Combustibility

How easily a substance will ignite and burn
ASTM E136 — Test Method for Behavior of Materials

35 June 12,2019 Engineering Requirements for Mass Timber Buildings
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Combustibility

How easily a substance will ignite and burn
ASTM E136 — Test Method for Behavior of Materials
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IBC Construction Types
Building classification based on materials (2018 IBC Chapter 6)

Element Type | Type 1l Type 11l Type IV Type V
Primary Non—. Non—. Combustible Combustible Combustible
frame combustible combustible
- - *Non- *Non-
External walls Non Non on on Combustible

combustible combustible combustible combustible

Non- Non-

Internal walls combustible combustible Combustible Combustible Combustible

Floors Non». Non». Combustible Combustible Combustible
combustible combustible

Roofs Non- Non- Combustible Combustible Combustible

combustible*  combustible*

* CLT permitted with non-combustible protection

37 June 12,2019 Engineering Requirements for Mass Timber Buildings
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IBC Construction Types
Types III and IV (2018 IBC 602.3 and 602.4)

¢ Noncombustible exterior, combustible interior

* Type IV: No concealed spaces

38 June 12,2019 Engineering Requirements for Mass Timber Buildings
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IBC Construction Types

Type V (2015 IBC 602.5)
* Any material permitted by code

39 June 12,2019 Engineering Requirements for Mass Timber Buildings
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IBC Construction Types
Construction type allowances (2018 IBC Chapter 6)

Parameter I-A I-B 1I-A 1I-B n-A -B IV-HT V-A V-B
Allowable Height UL 180 85 75 85 75 85 70 60
Allowable # Stories UL 12 5 5 5 5 5 4 3

Allowable Area UL UL 72,000 48,000 72,000 48,000 61,500 36,000 21,000
FRR

Primary Frame 3 2 1 0 1 0 HT 1 0
Ext Bearing Walls 3 2 1 0 2 2 2 1 0
Int Bearing Walls 3 2 1 0 1 0 HT 1 0
Floors 2 2 1 0 1 0 HT 1 0
Roof 112 1 1 0 1 0 HT 1 0

40 June 12,2019 Engineering Requirements for Mass Timber Buildings
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Tall Wood Buildings

| / ey
Type IV - T3, Minneapolis MN Type IVC - Carbon 12, Portland OR

~ o Type IVB - Origine, Quebec CA Type IVA - Brock Commons, Vancouver BC
6-Story wood over 1 Stol 8-Story wood over 1 Stol
Y Concrete Y Y Concrete Y 12-Story Wood 18-Story Wood/Concrete Hybrid
<85ft, Exposed Wood <85ft, Exposed Wood >85ft, Partially Encapsulated >85ft, Fully Encapsulated

41 TJune 12,2019 Engineering Requirements for Mass Timber Buildings

41

Tall Wood Buildings

Modern mass timber buildings

* Larger and tall engineered timber structures

42 June 12,2019 Engineering Requirements for Mass Timber Buildings
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Tall Wood Buildings
Type IV-A, -B, -C, HT Construction (TWB /2021 IBC)
Parameter IV-A* IV-B* IV-C* IV-HT
Allowable Height 270 180 85 85
Allowable # Stories 18 12 9 5
Allowable Area 184,500 123,000 76,875 61,500
Exposed Area 0% Up to 20/40% 100% 100%
Sprinkler Protection NFPA 13 NFPA 13 NFPA 13 NFPA 13
FRR
Primary Frame 3 2 2 HT
Ext Bearing Walls 3 2 2 2
Int Bearing Walls 3 2 2 HT
Floors 2 2 2 HT
Roof 1-1/2 1 1 HT
Concealed Spaces Permitted Permitted Permitted NP
43 June 12,2019 Engineering Requirements for Mass Timber Buildings

43

Design Values and Design Methods

44 June 12,2019 Engineering Requirements for Mass Timber Buildings
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Cross-Laminated Timber

Definition:

Nail Laminated Timber (NLT) Glue Laminated Timber (GLT)
. . . 7z,

Cross-laminated Timber (CLT) is a large- 7 /‘///, 3

format, prefabricated, solid-engineered wood g 7 G'&"IEE:;:TS

panel product consisting of several layers of

kiln-dried and planed Iumber boards stacked Laminated Veneer Lumber (LVL)
in alternating directions, bonded with Massive Plywood Panels (MPP)
structural adhesives and pressed to form a
solid, dimensionally stable, rectangular panel.

CLT is a part of the mass timber family.

45 TJune 12,2019 Engineering Requirements for Mass Timber Buildings

45
CLT Flatwise Bending and Shear Behavior
- —_—
T ——
o ——
= — ——i-d——-_—-—"
__'_.___#

CLT is an orthotropic plate element.

Bending and shear behavior are significantly influenced by the cross-wise layup of the laminations

Rolling shear of the transverse layups is characterized by low strength and low stiffness.

In the CLT Handbook and accepted by APA-PRG 320 (but not defined in NDS) a simplified analytical model
called the shear analogy method (BlaR and Fellmoser) is derived to provide reasonably accurate closed-
form equations to calculate design values.

General Relationship for most softwood species
Eo = E parallel to grain
E90 = E perpendicular to grain ~E/30
-—
Go ~ Eo/16
Go = G parallel to grain
G90 = GR rolling shear “Go/10
E0 ™ 16xG0 ~ 160xG9%0
46 June 12,2019 Engineering Requirements for Mass Timber Buildings
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CLT Cross Section Stresses

5-Ply Major Axis

o T

5-Ply Minor Axis

47 June 12,2019
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Rolling Shear Influence
Deflection Equation (USDA Handbook):
kWL kWL

5=
E-1 G-A
(Flexure) (Shear)

Table 9-1. Values of ky, and k; for several beam loadings

Loading Beam ends Deflectionat  ky &
Uniformly distributed  Both simply supported Midspan 5384 1/8 =
Both clamped Midspan 1384 18 =
Concentrated at midspan  Both simply supported Midspan ~ 1/48 14
Both clamped Midspan ~ 1/192 14 -
Concentrated at outer Both simply supported Midspan  11/768 1/8
quarter span points Both simply supported Load point 196 118
Uniformly distributed ~ Cantilever, one free, one clamped ~ Freeend — 1/8 172
Concentrated at free end _ Cantilever, one free, one clamped  Freeend 13 1
Rolling Shear FEM Model

100

5-Phy 5.4in Thick CLT

5N

Figure 2. CLT deformation conlribution from fexure and shear,

48 TJune 12,2019

Engineering Requirements for Mass Timber Buildings
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CLT Test Specimen Failure Modes

X h
Phato B: Flatwise Shear Failure - Major Axis 3-ply

Specimen
Span/Depth ~6

Photo 2: Flesural Bending

Major Axis -ply

Specimen
Span/Depth ~30

49 June 12,2019
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CLT Layups and Associated Design Values

Example:
Table 1: Allowable Design Properties for Lumber Laminations used in Katerra CLT
DRAFT Major Strength Direction Minor Strength Direction
e tp5 ] € 10" ps) [ oo [tatpsi] roatps] tec i) |t tpsi [e 110" psi] tctpsi) | fewtpsi | futpsi | fowipsil
875] 14 | 550 [1150[ 135 | 45 | 500 | 12 | 250 | 650 | 135 | 45
Note: Properties are based on visual grade SPF-#1/#2, and #3 for Major and Minor Strength Directions, respectively.
Table 2: Allowable Design Capacities for Katerra CLT in the US
CLT Lamination Thicknesses in CLT Layup (in) Major Strength Direction Minor Strength Direction
Thickness| i _ 1 _ n _ n _ FoSno |Eleo (10°| Ghuro Voo | FoSemso |Elenss (10°] Ghsao Vsso
in) ~ - - - " | bt | ibein®g) (0% Ib/f)| (/) | (bfe/f) | ibin®/f) |(10° Ib/ft) | (Ib/Fe)
3.2 108 |1.08] 1.08 1254 46 0.36 1166 97 1.51 0.41 389
3-ply 35 108 |1.38] 1.08 1464 59 037 1274 159 3.15 0.51 497
2.8 138 |1.08| 138 1788 78 0.45 1382 97 151 0.42 289
4.1 138 |1.38] 138 2049 96 0.46 1490 159 3.15 0.52 497
54 108 |1.08]| 108 108|108 2884 176 0.72 1551 844 39.4 0.81 1125
5-ply 6.0 108 |1.38| 1.08 1.38 [ 1.08 3351 227 0.74 1622 1203 66.5 1.02 1353
6.3 138 |1.08] 138 1.08 [1.38 4122 293 091 1900 985 50.2 0.84 1202
6.8 135 ]135] 135 135135 4512 344 0.90 1941 1318 77 1.02 1406
7-ly 76 108 |1.08] 1.08 1.08 |1.08]| 1.08 | 1.08 5098 435 1.07 1959 1944 151 1.22 1555
9.7 138 |138] 138 138138138 138 8324 908 137 2503 3174 315 1.56 1987
9-ply 112 138 |1.08] 138 1.08 [1.38] 108 | 138 1.08 1.38 | 11342 1437 1.82 2292 3992 486 1.69 1778
12.4 138 |138] 138 138 )138)138| 138 | 1.38 | 1.38 | 12904 1810 183 2347 5619 782 2.08 2154

Note: Tabulated Values are alowable design values and not permitted to be increased for the lumber size adjustment factor in accordance with the NDS.

50 June 12,2019 Engineering Requirements for Mass Timber Buildings
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Flatwise Bending and Shear NDS Chapter 10 Design
Method

10.2 Reference Design Values

10.4 Special Design Considerati

10.2.1 Reference Design Values ber manufacturer based on the actual layup used in the
manufacturing process. 10.4.1 Deflection
Reference design values for cross-laminated timber
shall be obtained from the cross-laminated timber man-
ufacturer’s literature or code evaluation report.

Table 10.3.1  Applicability of Adjustment Factors for Cross-Laminated
ber

- EIe"
10.2.2 Design Section Properties A1 ana D (EDqp, = TeK.L, (10.4-1)
AL

Reference design values shall be used with design
section properties provided by the cross-laminated tim-

Table 10.4.1.1  Shear Deformation

Fi(Ser) X Co Cu G C - - 254 0852 i Factors, K<
e 2
FAparatia) X Co Cu G 2.70 0.80 A Loading End Fixity A
xC Cu G - - - 2.88 0.75 ) ;
. Pinned 15
1= o 0 0% Uniformly Distributed Firod 576
X Co Cu G - G - 240 090 . Pinned 14.4
X o Line Load at midspan inne
Fei(A) = F(A) - i G - - G 167 090 - Fixed 57.6
() N o A Line Load at quarter points | Pinned 105
Deflection Due to Creep: (EDapp-nia” = (EDigp-min X Cu G - - - 176 085 - Constant Moment Pinned 138
Uniformly Distributed Cantilevered 48
At = Ker Aut + A 3.5-1
or AT T AsT ( ) Line Load at free-end Cantilevered 36

where:

Ker = time dependent deformation (creep) factor

= 2.0 for cross-laminated timber used in dry
service conditions as defined in 10.1.5.

51 June 12,2019 Engineering Requirements for Mass Timber Buildings
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Flatwise Bending and Shear Design method — CLT Designer

Grazm
CLT Designer — To Eurocode 5
www.cltdesigner.at :
Provides Explicit Analysisfor 1, 2,3 o
span CLT floors, with design checks '
for:
* Strength o 4
* Deflection - T
* Vibration ;

* Fire

Major European CLT manufacture
product Lines are Included. Custom
layups can be created.

52 June 12,2019 Engineering Requirements for Mass Timber Buildings
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Edgewise - Compression - (Tension)

Maximum load (N]
g
g

000 1000

3.7 Solid Columns

3.7.1 Column Stability Factor, Cp

c.,=1+(F”E/F5) - [1"(&5/"5)12, Fe/fo (371
2c c

2¢ ]

¢ = 0.9 for structural glued laminated timber,
structural composite lumber, and cross-
laminated timber

+ Testresults

— —~CsAcurve (mean)
\ ——CsAcurve (5%)

== Euler curve

5000

v/

Source: Horvat et al.
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Edgewise — In-Plane Shear

Through-the-Thickness Shear

Torsion

]

and Expariman’

iy by P Diatach.

54 June 12,2019 Engineering Requirements for Mass Timber Buildings
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160
* Framework Site-Specific Testing
- - - Brandner et al. (2015)
140
$ Flaig and Bla8 (2013)
120 a!
(]
TS .
u . .
£ 100 o i . » B .
= ¥
b K ; e S " H
= 80 [ B s
IR ISR S | S, S A ‘ ___________
= ¥ - ! o
2 60 1 H %
é .
=
40
Table 1. Comparison of CLT 1o reinforeed eonercte in-plane stiffness.
Reinforced Concrete CLT9 DF No. 1 T 20
o= 5000psi = 1800ksi CLT9 ¢ Conerete
ju 2015ksi * I, 1025ksi * I, 50% 0
GAar 1610ksi * A, (35t 5 ksi) * A, 2t0 5% 0 0.05 01 0.15 02 025 03
Gross Shear Stress (ksi)
Nates:
1. Cracked section modifiers for concrete taken as 0.5 for ELsr and 1.0 for GAe:
2. Giévarfor CLT based on Flaig and Bla (2013 and Brandner ctal. (2015).
Source: Zimmerman
55 June 12,2019 Engineering Requirements for Mass Timber Buildings
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CLT Edgewise Shear — Strength Testing

PRG 320 Strength test standard ASTM D5456 a3

Sample size - 28 specimens

Specimen span/depth = 5.5

The characteristic value is divided by 2.1 to determine the ASD
design value (Empirical)

v [(t1 + 2%:2) d? - Z%tzhz]
Tapparent = 2—):17[([1 R Z%LZ) P Z%tzfﬁ]

Equation 1

56 June 12,2019 Engineering Requirements for Mass Timber Buildings
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CLT Edgewise Shear Strength Design Values

APA Product Report® PR-L306
8

"The tabulated values are reference esign values intended for Allowable Stress Design (ASD).
24="; Major strongth direction and "L Minor strongth dirction.

“Based on test resulls from 175

“Based on test results from 105V.

* Structurlam
» Nordic

« KLH

+ (Katerra)

Edgewise Shear Strength Values Attained By:

Revised 5,201 Page 4 of 4
E’% ICC EVALUATION =
> SERVICE Lty e Table 3. Allowable In-Plane Shear Stress for Nordic X-Lam® (For Use in the U.S.)
i Allowable In-Plane Shear Stress
ICG-ES Evaluation Report ESR-3631 CLTlayu | LayuplD |Thickness, b (n)
Issund Septermbor 2016 Fe0 (psi) Fuoso (psi)
This report s subject fo renewa) September 2017. 7835 318 15501 9007
woww.icc-es.org | (B00) 423-6587 | (562) 693-0543 A Subsidiary of the Infemational Code Gouncil® 89-3s 312 185 190"
105-3s 418 155 190
13188 518 185601 215
14048 5112 145 19001
14355 558 1850 2150
. ! 17555 678 185 215
TABLE 3—REFERENCE DESIGN VALUES FOR IN-PLANE SHEAR OF THE STRUCTURLAM CROSSLAM® CLT PANELS' E1 > >
FAGE LAMINATION ORIENTATION 197-78 73 165! 218
GRADE Lavup wsi) 21371 838 185 215
= L 22078 858 1850 215
o5V 120 195 24475 95/8 1850 2150
vawt ey 180 105 24471 958 1850 2150
cl 180 o 267-91 10112 1550 2159
315y, 180° 195° » o
ForSi Tpsi= 6,895 Pa 314-91 123/8 185 215

For Sl 1 nei = 0 ANARGS MPa
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Frequency
o
o

® 5-Ply Perpe:

icular

700 750

Shear Stress (psi)

5-Ply Paralie!

ASTM D5456 CLT 5-Ply Apparent Shear Stress Results

850 200
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CLT Edgewise Shear — Stiffness Testing
PRG 320 Strength test standard ASTM D198 Sections 45 - 52 -
Sample size - 28 specimens . 2
Specimen span/depths = 5.5, 6.5, 8.5, and 20 E -é
The shear modulus is the measured slope of line per Fig. 17 g =
- B
15
20+
10 15
Depth
(d) 1 7
0| 1w Slope (K;) = 266 x 1077 (1/psi)
5 = 386 x 107 (1/MPa)
= 5
Reaction Specimen Rollers
bearing plate 0 o " 1 L 1 i 1 L 1
|~ Machine Base Reaction 0.01 0.02 0.03 0.04
(| 1 aie)? j
4 Shear Span Load Span 4 shear Span 2015 10 ¢/d 5
Sean (€) FIG. 17 Determination of Shear Modulus
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CLT Edgewise Shear Behavior — Stiffness Calculated

Suggested design method — for use with NDS:
A calculated method for edgewise shear

stiffness is provided in Flaig M. and Blass H.

_ Kb ngy _m?
(2013): Gerfon =5 "o GitD) Eqn A
-1
G, = (; +— ) EqnB
440 J m>10 eff.CLT = \Glam ' Gerrea.
5=200mm me6 where:
. 390 foi mEa o N o -
g K = slip modulus of crossing areas (Use K = 14735 Ib/in’)
3. ] . : b = width of lamella
g E 340 3 ; m = number of longitudinal lamellac
S : | ne.= number of glue lines within CLT cross section thickness
5% 29 - & teross = CLT cross section thickness
%z - Gum= individual lamination shear modulus, psi (Use longitudinal E/16
= P gl )
2 5240
‘§ &3 S be Example values of GAcrare provided in Table A
= 190 ~23i2s
= <3 Table A . Example GAq for in-plane shear!
=L Number of Layers
140 4G o0 N . _ jumber of Layers - q
K = 5Nmm 2
90 Gerr 28.7 ksi 32.3 ksi 33.7ksi 34.5ksi
30 35 40 45 50 55 60 65 70 75 GAur 118.3 kips/in 222.0 kips/in 324.5 kips/in 426.6 kips/in
fyeons/ica inMM 1. Calculated values of Ger and GA.y are based on use of Equations C-B7 and C-B8 with the following

inputs: E=1,400000 psi, lamella width b = 5.5 inches, number of longitudinal lamellac based on a 48”
. X . . panel width, slip modulus of crossing areas K = 14,735 Ib/in® (4.0 N/mm®) and lamella thickness
Figure 7: Effective shear modulus of CLT- 375 inch.
beams

b = lamination width (mm)

nca = number of face bond lines
tgross = total thickness (mm)

m = number of longitudinal lamellae
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Edgewise Bending Behavior — Strength & Stiffness

Fig. 2: Cross-laminated timber beams are less susceptible to cracking since cross-lavers
ariented orthagonally to the beam axis take effect of reinforcement

CLT On Edge — Long Span Roof Beams

Glukam: Cross-taminated timber:
8 Only one lamella Multiple lamellac
H i st the edge. atthe edge.
1 sehe load bearing capasity | vweak sections can be
i stromgly depends on | compensated by stronger
! weak sectians in | sections in neighbouring
| the outermost lamella lamellse. Individual lamellne
i have less influcnce on losd
\ bearing capacity
®)
Uplift Sliding
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Glulam Beam & Column Specification

Source: Western Arch Rib

Manufacturing Standard

« ANSI A190.1, 405, 117
« (CSA 0O122,0177

« EN 14080

Species Group

*  DF-L/SPF/AC/Euro Spruce
Adhesive

* PRF/MF/PUR

Stress Class

Camber

Lamination thickness
Layup width

« Staggered, Block Glue
Layup Type

* Balanced/Unbalanced
Intended Use

¢ Beam/Column

* Firerating

¢ Interior/Exterior
Appearance Classification
Moisture Content

Metal hardware connections
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Glulam Beams — Building Service Penetrations

AITC TECHNICAL NOTE 19
GUIDELINES FOR EVALUATION OF
HOLES AND NOTCHES IN
STRUCTURAL GLUED LAMINATED TIMBER BEAMS

(July 2012)

-—de——‘ * .
| 4.2 0154 mnm
= i = 1500)

v=05d<14in

)——..g [

ﬁi—t,ausu-l PR T i_%vz‘\i

-

] ] I/21
,é\;". o= “ :
S[OE |- Y <
3 = 21 (] ;
y 3
{,ﬂ a as,
A
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Glulam Beams — Notches & Concentrated Loads
-h_ : KL&A Bu.ilders

AITC TECHNICAL NOTE 19
GUIDELINES FOR EVALUATION OF
HOLES AND NOTCHES IN
STRUCTURAL GLUED LAMINATED TIMBER BEAMS

(July 2012)

a
)\
\

e = -

as |, o | os
Min. | Min,
Figure 5. Notch restrictions on compression face at ends
2L I r
. Deformation on gz){ d
- d top surface, & :
iz P’
Stress Distribution 7
/ i Wood
Displacement Displacement Drill 1 in. dismeter hole
distribution distribution . Cut from beam face to hole.

in z- axis at center in z- axis at edge
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Deformation Compatibility to Satisfy ASCE 7-10 12.12.5

Glulam Beam-Column Connections — Seismic Drift Testing

(Source: My Ti Conn)

65  June 12,2019 Engineering Requirements for Mass Timber Buildings

65

NDS - CLT Fastener Design Requirements

12.3.3.5 Dowel bearing strengths, F., tor dowel-

Self-tapping

type fasteners installed into the panel face of cross- B

laminated timber shall be based on the direction of J'

loading with respect to the grain orientation of the T P S oo
cross-laminated timber ply at the shear plane. . ! =
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Mass Timber Threaded Fasteners

rothoblaas

o EmrRibaraeerk Gainbuach Grebtl

VGz vGs TBS HBS

i
i

’ H
o L)
. 4
3
PRODUCT APPROVALS PRODUCT APPROVALS
« ETA « ETA
« Pending - IAPMO (AC 233) « ccMC

« ICC-ES (AC 233)

E=

b L
¥
.
w

&

PRODUCT APPROVALS
» IAPMO (AC 233)

[}
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February 26, 2018

Splines on CLT Diaphragms

To Whem It May Concern;

Table 1. Reference allowable load and slip modulus for SOWS Timber Screws (SDWS22400D8 and
SDWS22600DB) for CLT surface spline fastening with 1-1/8-in. APA rated Sturd-I-Floor wood structural
panel, single-surface splines.

CLT Fastener Design Engineering Guidance

RE: Simpson Strong-Tie® Strong-Drive® SDWS Timber Screws to Fasten Plywood Single-Surface

E=T

CLT Wood Species Combination | Allowable load per Fastener (Ib.) Slip Modulus (in/K)
DFL 375 0.017
SPF-N
i 335 0017

1. Allowable loads are given at Co=1.0 and maybe increased up to Co=1.6 as permitted by the
building code.

2. Applicable adjustments shall be applied following the ANSI/AWC NDS-15 or NDS-18.

3. Design values are applicable for all grain orientation combinations of major strength directions
in the CLT and the wood structural panel spline and grades of CLT for the species combinations
listed.

4. Designer is responsible to check shear capacity of spline (shear through the thickness and rolling
shear).
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CLT Fasteners — OSU Testing

(Source: Sullivan et al)
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A method of design is presented that
aligns with the framework of IBC and
ASCE7.

The AWS WDSC is currently
balloting proposed code language and
commentary for CLT diaphragm for
2021 SPDWS.

The AIA Seattle Mass Timber Group
is working with SEAW EEC to draft
an white paper on this subject.

CLT Diaphragm Floor Design Example

CROSS LAMINATED TIMBER

Horizontal Diaphragm Design

Our aim for this wiite paper is to provide a practical design method Io determine the
strength of @ Cross Laminated Timber harizontal diaphragm and defiection due fo katesal
wind o seismic loads

@ 2)

138-0"
74" 10 @ 120" = 120-0"
@A L] L L]
fourapioes oo ||
B .pi vole
. 1 &
2 » | - |
2 1
! o
H
' I 1 I 2

Chord Splice

T Framing Plan

5 gth Level Diaphragm Seismic Deflecti
= SuL? i vl W I(xd.)
tia = GEAW T A6ty M7 2w
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CLT Diaphragms Floor Shake Table Testing

A method of design based on
ASCE 7-16 Alternative
Diaphragm option.

P.I. — Dr. Andre Barbosa

TALLWOOD
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Fire Rated Mass Timber Members
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Code Requirements: Approvals

Code compliance:

- Pre-application meeting(s)

- Construction type awareness

- Code compliance documentation

- Fire protection strategy

INTERNATIONAL
CODE COUNCIE -

Washington State
Building Code Council
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Code Requirements: Fire-Resistance Rating
Fire-Resistance rating (FRR):
Period of time a building element is intended to perform a given
structural function
FRR’s defined by Table 601
TABLE 601
FIRE-RESISTANCE RATING REQUIREMENTS FOR BUILDING ELEMENTS (HOURS)
TYPEIL TYPEN TYFEN  |TYPEIV
BUILDING ELEMENT
) B N B ) B HT A B
[Primary structural frame' (see Section 202) ¥ » 1 0 1 0 HT 1 0
[Bearing walls
Exterior™' 3 2 1 ] 2 2 2 | 0
Interior 3 2 1 ] 1 0 I/HT 1 ]
Nonbearing walls and partitions e Table 602
Exterior
Nonbearing walls and partitions 0 ) . p . ) Sifﬁm p .
Interior” 602.4.6
[Floor construction and associated secondary members
isee Se(.ltmlllZC]:] l : 2 2 ! 0 ! 0 i 0
Roof construction and associated secondary members Jib b I ” b 0 HT 0
(see Section 202) B
74 June 12,2019 Engineering Requirements for Mass Timber Buildings
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Code Requirements: Fire-Resistance Rating

Performance criteria

P |

=

- Stability
- Integrity
- Insulation
f B
} il
4 N e
= EP o D
= . s
oy i Al
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: e
(i <
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S 555 sHeat

Flames
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and smoke
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Code Requirements: Fire-Resistance Rating

Methods of compliance (2018 IBC 703.3)
- ASTM E119 Standard Fire Test

- Prescriptive design (Section 721)
- Calculations (Section 722)

- Engineering analysis (PBD)

Temperature, deg F
3
2
peratu

Time, h
FIG. 1 Time-Temperature Curve
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Code Requirements: Fire-Resistance Rating

2018 IBC Required Fire-Resistance Ratings (2018 IBC Table 601)

Parameter I-A 1-B 1-A 11-B 1-A 111-B IV-HT V-A V-B
Allowable Height UL 180 85 75 85 75 85 70 60
Allowable # Stories UL 12 5 5 5 5 5 4 3
Allowable Area uL UL 72,000 48,000 72,000 48,000 61,500 36,000 21,000
FRR
Primary Frame 3 2 1 0 1 0 HT 1 0
Ext Bearing Walls 3 2 1 0 2 2 2 1 0
Int Bearing Walls 3 2 1 0 1 0 HT 1 0
Floors 2 2 1 0 1 0 HT 1 0
Roof 1-12 1 1 0 1 0 HT 1 0
77 June 12,2019 Engineering Requirements for Mass Timber Buildings
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Code Requirements: Fire-Resistance Rating
Mass Timber Fire-Resistance Ratings (2021 IBC Table 601)
Parameter IV-A* IvV-B* IvV-C* IV-HT
Allowable Height 270 180 85 85
Allowable # Stories 18 12 9 5
Allowable Area 184,500 123,000 76,875 61,500
Exposed Area 0% Up to 20/40% 100% 100%
Sprinkler Protection NFPA 13 NFPA 13 NFPA 13 NFPA 13
FRR
Primary Frame 3 2 2 HT
Ext Bearing Walls 3 2 2 2
Int Bearing Walls 3 2 2 HT
Floors 2 2 2 HT
Roof 1-1/2 1 1 HT
Concealed Spaces Permitted Permitted Permitted NP
78  June 12,2019 Engineering Requirements for Mass Timber Buildings
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Code Requirements: Fire-Resistance Rating
FRR’s for Mass Timber NDS Chapter 16 and AWC TR-10
- Calculated method using:
- NDS Chapter 16 and AWC
TR-10
- Demand / Capacity
calculations for the required
FRR
Calculating the
Fire Resistance of
P Wood Members
! and Assemblies
Technical Report No. 10
79 June 12,2019 Engineering Requirements for Mass Timber Buildings
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Code Requirements: Fire-Resistance Rating

Wood char and contraction (TR-10) o

Bpgr —— 3 - Char

2a:har- - = e i 038y _"

Achar

0.3ahr I g 0.3apy Aeff

i,
e
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Code Requirements: Fire-Resistance Rating

Char rates and adjustment factors (NDS / TR-10)

CLT Glulam
Table 16.2.1B Effective Char Depths (for CLT
Table 16.2.1A Char Depth and Effective Char
with (= 1.5in./hr.) Depth (for i = 1.5 in./hr.)
Required Effective Char Depths, a.r -
Fire (in.) Char Effective Char
i i [T Required Fire Depth, Depth,
(hr.) . - - Resistance Ahar Berr
8 |34] 78 1| 1-1/4] 1-3/8 [1-1/72] 1-3/4] 2 (hr.) (in) (in.)
1-Hour 22 [22] 20 [20]20] 19 [18] 18] 18 T-Hour 1.5 18
1'2-Hour 34 31 |30) 29| 28 | 28| 28 26 1%-Hour 2.1 2.5
2-Hour 44 |4 4.1 [40( 39| 38 | 36| 3.6 3.6 2-Hour 2.6 32
Table 1.4.2 A ble Design Stress to Average Ultimate Strength Adj Factors
F 1k c Assumed COV K
Bending Strength Fo 211 1-1.645 COVp 0.162 2.85
Tensile Strength Ft 211 1-1.645 COVi 0.162 2.85
Shear Strength Fv 211 1-1.645 COVy 0.142 275
Compression Strength Fe 197 1-1.645 COVc 0.162 2.58
Buckling Strength Eos 1.664 1-1.645 COVe 0.11° 2.03

81 June 12,2019 Engineering Requirements for Mass Timber Buildings
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Code Requirements: Fire-Resistance Rating

Delamination (CLT EN 1995)

EEEER

% ¥

CLT 3

“har depth jmm]

JZdp
pany

0 10 20 30 80 W & T & S0 100 110 120

load-bearing layers snd o, non load-bearing layers
Time r [min] 3 E

f (65 mm M

Figure 24. Comparison of char depth for the 175 thick CL
EN 1955-1-2 model using the double charring rate (Case 1)

nts with the char model! given in EN 1995-1-2{left).
)
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Code Requirements: Fire-Resistance Rating

ASTM E119 Full-scale furnace testing

g -
- = o
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Code Requirements: Fire-Resistance Rating

ASTM E119 Full-scale furnace testing
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Code Requirements: Fire-Resistance Rating

ASTM E119 Full-scale furnace testing

85  June 12,2019 Engineering Requirements for Mass Timber Buildings
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Code Requirements: Fire-Resistance Rating

ASTM E119 Full-scale furnace testing

00;31;45;11
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Code Requirements: Fire Protection Systems

Passive systems:
- Encapsulation (non-combustible protection)

- Charring

- Firestopping

87 TJune 12,2019 Engineering Requirements for Mass Timber Buildings
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Code Requirements: Fire Protection Systems

Active systems:
- Fire extinguishers
- Fire alarm systems

- Automatic sprinkler protection

88  June 12,2019 Engineering Requirements for Mass Timber Buildings
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Code Requirements: Fire Protection Systems

Allowances for exposed mass timber
- Type IV-A: 0% exposed

- Type IV-B: 20-40% exposed

- Type IV-C: 100% exposed

Ill
| In cafing arpa
Tee-BLANGING ColLmn ares nol
neh.ded in wall m ceiling area

— T
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Code Requirements: Fire Protection Systems

Allowances for exposed mass timber
- Type IV-A: 0% exposed

- Type IV-B: 20-40% exposed

- Type IV-C: 100% exposed
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Fire Rated Mass Timber Beam Connections

91  June 12,2019 Engineering Requirements for Mass Timber Buildings
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Code Requirement: Connection Protection

Connections protected for the required FRR:
- Wood
- Fire-rated gypsum board

- Other approved materials

Provide Lateral CLT Wall
Support for 1/2" Lag Screws
End of Beam /_ @ 12" o.c.

L — Wood CLT Floor
[6 0} /] Beam
lo o}
| 21.14a 5, =
; Gyp. Filler
Wood L7x4x3/8 Steel
C_olumn (3) 2x8
Wood Plug having
depth > 1.14a,,
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Code Requirement: Connection Protection

ASTM E119 Beam-column loaded furnace test

e 0

Source: Softwood Lumber Board
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Code Requirement: Connection Protection

ASTM E119 Beam-column loaded furnace test

Beam 1: Beam 2:
Ricon 290 2x Ricon 200
Source: Softwood Lumber Board
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Code Requirement: Connection Protection

ASTM E119 Beam-column loaded furnace test

Source: Softwood Lumber Board
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Code Requirement: Connection Protection

ASTM E119 Beam-column loaded furnace test

Source: Softwood Lumber Board
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Code Requirement: Connection Protection

Thermocouple temperature data

Furrica b paratars Carmnactoe e paratens Sarcr irierted 1 it the Seam

Sarnas rvartend 3* intns B bt

.-|.... Tomgerature whorn sinef loses W% offtssvength 0T

Test #2: Double Ricon S VS 200x80test, temperature vs time
Source: Softwood Lumber Board
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Code Requirement: Connection Protection

Fire-resistance rating summary

Beam Connector

1 8757x18” 1x Ricon S VS
(222mm x 457mm) 290x80

2 10.757 x 24” Staggered double
(273mm x 610mm) Ricon S VS 200x80

3 10757 x24” 1 x Megant 430
(273mm x 610mm)

All connectors passed and achieved at least 1hr FRR.

Applied

Load

3,9051bs lhr
(17.4kN)

16,620lbs  1.5hrs
(73.9kN)

16,6201bs 1.5hrs

(73.9kN)
Switl

Source: Softwood Lumber Board
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CLT Shear Wall Lateral Systems

Statewide Alternate Method
January 2015

St n

Building Codes Division [V EX()|

- Cross-Laminated Timber Provisions
Better Buildings for Oregon
(Ref.: ORS 455.060)

Table 12.2-1 Design Coefficients and Factors for Seismic Force-Resisting Systems

Structural System

ASCE 7 Limitations Including

Section Structural Height, i, (f)
Where Response Limits®
Detailing Modification Deflection TR,
Requirements  Coefficient,  Overstrength Seismic Design Category

Seismic Force-Resisting System Are Specified R* Factor, Qg Factor, Cy" B C D’ E F

17. Light-trame walls with shear panels ot 14.1 and 14.5 2 2% 2 NL NL 35 NP NP
all other materials

18. Light-frame (cold-formed steel) wall 14.1 4 2 3% NL NL 65 65 65
systems using flat strap bracing

19.C Ia d timber shear walls’ 14.1and 145 2 2%

"~
Iz
=
iz
=
[&
1z
=
Z
=
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CLT Shear Walls — FEMA P-695

Source: Rammer et al
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Best Practice: CLT Floor Plates - Multifamily
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Mass Timber Products

i

7

CLT Glulam Fastening Systems
(Walls, Floors) (Columns, Beams) (Screws, Plates)

103 June 12,2019 Engineering Requirements for Mass Timber Buildings
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Cross-Laminated Timber — IBC Definition

CLT Recognized as: ® CLT Design Mathods Provided
= Enginesred Wood Product for:
= Heavy Timber Element = Floor Panels
ooy A P . + Screw/Nail Fasteners
s s 4 * Fira (Char)
2013 EOATION
2015 IBC Model Code Design Methods

|_amsiiars ras saeaaia |
@ Manufacturer Product Reports Provide

Design Values for

AMESICAN MATIGNAL STARBASS CLT Manufactunng Standard = Floor Panets
Reference Standard to 2015 -
+ In-Plane Shear (Diaphragms, Walls)
Standard for Performance-Rated 8¢ - Fasteners

Cross-Laminated Timber

Manufacturing Standard
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Project
Jurisdiction

Code

Use

Stories

Height
Sprinklered
Construction Type

Fire Resistive Rating

Project Requirements

Multifamily Project

Anywhere USA

IBC 2018

R-2

5 wood over concrete podium
<85ft

Yes

VA (or IIIA)

1hr
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CLT Floor Plates
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Floor Details
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- | e
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N
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Floor Details

. —
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CLT Floor Plate — Structural

2303.1.4 Structural glued cross-laminated timber.

CLT Product Certifications Cross-laminated timbers shall be manufactured and identi-
fied in accordance with ANSI/APA PRG 320.
APA PRG 320
R 602.3 Type 111 Type 11l construction is that type of construc-
Product Reports (eg APA, ICC ES) tion in which the exterior walls are of noncombustible materi-
als and the interior building elements are of any material
permitted by this code. Fire-retardant-treated wood traming
complying with Section 2303.2 shall be permitted within
CLT Design Methods exterior wall assemblies of'a 2-hour rating or less.

602.5 Type V. Type V construction is that type of construc-
tion in which the structural elements, exterior walls and inte-

NDS Chapter 12 (fasteners) rior walls are of any materials permitted by this code.

NDS Chapter 16 (fire char calculated method) oy — Y ('I'b
NDS PTo¥ -8
Bt e

Intertek

NDS Chapter 10 (bending, shear, tension, compression)

Diaphragms CLT Horizontal Diaphragm Design Example

AACCEPTANCE CRITERIA FOR CROSS-LAMINATED TIMBER
PANELS FOR USE AS COMPONENTS IN FLOOR AND ROOF DECKS

AC4ss

Fasteners 1cC ACCEPTANCE CRITERIA FOR
N ALTERNATE DOWEL-TYPE THREADED FASTENERS
IBC Chapter 23, or @
AC233
ICC-AC 233
110 June 12, 2019 Engineering Requirements for Mass Timber Buildings
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Floor Diaphragms — Design Method

Diaphragms: CLT Horizontal Diaphragm Design Example

Project-specific design method provided by the SEoR

CROSS LAMINATED TIMBER

Horlizontal Diaphragm Design

o, asd other published nformaton inchadng mandatiers
teranare.

Applicabie Bulding Code. relerence stasdards, and other infarmation
rem:

» ITE, 2018 ntemations! Sulding Cade

© ANSYAWC NDE- D015 Netionel Design Speciffcation INGH) for Wood
Conutryerion with Cammantany

. awc Provhicm §

* ANSYARA PAG 120~ 2012 Stancierd fo
fsminated Tmber

»  FPimovation, LS C1F fErmm-Leminated fimber) Masdbook 7013

e rated Crovs

IBC Section 1604.4 Analysis

Any system or method of construction to be used shall be
based on a rational analysis in accordance with well-estab-
lished principles of mechanics. Such analysis shall result in a
system that provides a complete load path capable of transfer-
ring loads from their point of origin to the load-resisting ele-
ments.

111 June 12,2019
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Diaphragm Testing

ASTM D5456 In-Plane Shear Strength (WSU)

Source: K. Sullivan

UCSD Shake Table Testing (2017)

112 jJune 12, 2019
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CLT Floor Plate - Fire

703.3 Methods for determining fire resistance. The uppli- 7932 Fire-resistance ratings. The fire-resistance rating of

carion of any of the methods listed in this section shall be  pyittine' clements, components or assenmblics shall be deter.

bused on (he fixe expuosure and aceeplancs erlerin pecified 1 pined in accordance with the fest procedues set forth in

ASTM E 119 or UL 263. The required fire resistance of a /\STM E 119 or UL 263 or in secordance wuhqsmm 7033,

building clement, component or assembly shall be permitted ratin

CLT Fire Ratmgs: 'r;:“‘z“""m ed by any of the following methads or proce- jﬂll\ rems shall be detcemined n accordance Sccrions 714
¢ and 715, respectively.

Fire-resistance  designs  documented i approved
sourees.

. Prescriptive designs of lireresistance-rated building 714412 Through-penetration  firestop —system.
elements, components or assemblies a5 prescribed in W’f'w’!l .;f m’"’""mn shall rl"' protected by ung
. Section 721 approved througipenenation fresiop st sl
FRR to ASTM E 119 Culeulations in sccordunce with Section 722 and tesed in acsordance wilh ASTM E 814 or UL

: 1479, with a minimum positive pressure differential of

Engineering analysis based on & comparison of build- .01 inch of water (249 Pa). The system shall have an
5 element, component or assemblies designs having  F rating/T rating of not less than 1 hour but not less

than the required rating of the floer pencirated

jdnmse:ﬁmh in ASTM E 119 or UL 263,
Alterative protection methods as allowed by Section
10411 803.1.1 Interior wall and e finish materials. Inte-
6. Fireresistmoe designs certilied by an approved  Tior wall and ceiling finish materials shall be classified in
I agency. accordance with ASTM E 84 or UL 723. Such inferior fin-
Ish materials shall be grouped in the following classes in
accordance with their flame spread and smoke-developed
indexes.

* Firestopsto ASTM E 814

Class A: = Flame spread index 0-25; smoke-
developed index 0-450.

Class B: = Flame spread index 26-75; smoke-
developed index 0-450.

Class C: = Flame spread index  76-200; smoke-
developed index 0-450.

* Flame spread & smoke index to
ASTM E 84

113 June 12, 2019 Engineering Requirements for Mass Timber Buildings
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CLT Floor Plate - Fire

FRR to ASTM E 119
Firestops to ASTM E 814

Flame spread to ASTM E 84

114
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Tested to: ASTM E 814

FT-RATING = -HR.

SECTION A-A
SECTIONA-A

el

TOP VIEW
Top VIEW

<

1. 5PLY CROSS LAMINATED TIMBER FL . ASSEMBLY (MINIMUM 5-1/8" THICK) (2HHR. FIRE-RATING).
2. PENETRATING ITEM TO BE ONE Of THy ¢OLLOWING
A MAXIMUM 6" NOMINAL DIAK.... - “IEEL PIPE (SCHEDULE 40 OR HEAVIER).
B.MAXIMUM 6" NOMINAL DI dIF TE. : CAST IRON PIPE.
C. MAXIMUM 6" NOMINAL DIAn. T R STEEL CONDUIT.
D. MAXIMUM 4" NOMINAL DIAMETER EMT.
E. MAXIMUM 3" NOMINAL DIAMETER COPPER PIPE OR TUBING.
F. MAXIMUM 2" NOMINAL DIAMETER FLEXIBLE STEEL CONDUIT.
3. MINIMUM 4" THICKNESS MINERAL WOOL (MIN. 4 PCF DENSITY) TIGHTLY PACKED, RECESSED TO
AACCOMMODATE SEALANT AND FLUSH WITH BOTTOM SURFACE OF FLOOR.
4. MINIMUM 1" DEPTH HILT| FS-ONE MAX INTUMESCENT FIRESTOP SEALANT.

CLT Floor Plate — Firestop Documentation Example

115 June 12, 2019
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CLT Floor Plate - Acoustics

 Air-borne sound
« Structure-born sound

SECTION 1207
SOUND TRANSMISSION
1207.1 Scope. This section shall apply to common interior
walls, partitions and floor/ceiling assemblies between adja-
cent dwelling units and sleeping units or between dwelling
units and sleeping units and adjacent public areas such as
halls, corridors, stairways or service areas.

1207.2 Air<borne sound. Walls, partitions and floor/ceiling
assemblies separating dhwelling units and sleeping nits from |
each other or from public or service areas shall have a sound
transmission class of not less than 50, or not less than 45 il
field tested. for air-bome noise when tested in accordance
with ASTM E 90. Penetrations or openings in construction
assemblies for piping; electrical devices: recessed cabinets;
bathtubs: soffits: or heating, ventilating or exhaust ducts shall

be sealed, lined, insulated or otherwise treated to maintain the
required ratings. This requirement shall not apply to entrance
doors; however, such doors shall be tight fitting to the frame I
and sill.

1207.3 Structure-horne sound. Floor/ceiling assemblies
between dwelling units and sleeping wnits or between a dweii-
ing unit or sleeping unit and a public or service area within I
the structure shall have an impact insulation class rating of
not less than 30, or not less than 45 if field tested, when tested

in accordance with ASTM E 492,

116  June 12,2019
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CLT Floor Plate with Gypcrete Topping

CLT Floor Plate with Gypcrete Topping

SmrdConhdMui

Assembly Description frem Top to Bottom (15.2)

1 About 2/5 in. (10 mm) carpet or floating flooring on 0.12 in.
{3 mm) resilient underlayment (rubber mat, e.g. InsonoBois or
similar; textured felt, e.g. Thermason HD or similar)

2 At least 15.6 Ib./ft.? (76 kg/m?) wet topping (concrete, gyperate,
aypsum, or similar)

3 Resilient underlayment, e.g. 2/5 in. (10 mm) rubber s
Cngonomat). 374 . (15 ram3 textured falt (Falt S-1383 Sounc! Abacepion
1/2 in. (12 mm) low density wood fiberboard, etc, Gypsuin !omd

4 S-layer CLT of 6 7/8 in. (175 mm) Adds Mass, Provices Dead Lood,

Cractes Doad Air Space

CLT Floor Assembly Baseline — Standard Joist Floor

117 June 12, 2019 Engineering Requirements for Mass Timber Buildings
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Acoustic Test Reports

INTERNATIONAL
ntertek ACCREDITATION
SERVICE®

Total Quliy. Assured

USG CORPORATION

SCOPE OF WORK
FLODR ZONE TESTING - SYSTEN SPLIT IN QUADRANTS: BARE GYPSUM FLOOR

118 June 12,2019 Engineering Requirements for Mass Timber Buildings

118

Reproduction not permitted without permission 59



2019 SEAW Spring webinar
Mass Timber Buildings

CLT Floor Plate — Summary of Code Requirements
Item Code Reference Test/Standard
Manufacturing Standard IBC 2303.1.4 APA PRG 320
Design Values - Out of Plane IBC 1706.1 APA Product Reports (ASTM ASTM D198 or D4761)
Design Values - In-Plane Shear IBC 1706.1 ICC AC 455 (ASTM D5456 Annex 3)
Design Method - Out-of-Plane NDS Chapter 10 -
Structural Design Method - In Plane - -
Fasteners NDS Chapter 12 ICC AC 233 (ASTM D1761)
Fire NDS Chapter 16
Vibration - CLT Handbook, etc
Special Inspection IBC 1704.3 -
Fire Resistive Rating IBC 703.2 ASTM E119
Flame Spread IBC 803.1.1 ASTM E84
Fi Firestops IBC 714.4.1.2 ASTM E814
re Fire Joints IBC 714.3 ASTM E1966
Concealed Spaces IBC 718 NFPA 13
Special Inspection IBC 1704.3 -
Acoustics Airborne Sound Transmlsmrunr IBC 1207 .1 ASTM ESO
Structure-borne Sound Transmission IBC 1207 1 ASTM E492
119 June 12,2019 Engineering Requirements for Mass Timber Buildings
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Additional Items

120 jJune 12, 2019 Engineering Requirements for Mass Timber Buildings
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Code of Standard Practice

NATIONAL
STRUCTURAL
TIMBER
SPECIFICATION

FOR BusLI

The NATIONAL STRUCTURAL TIMBER SPECIFICATION (the NSTS) is
an ambitious initiative by TRADA to support the rapidly increasing use of
timber. It aims to be the definitive, comprehensive, stand-alone national
specification for structural timber, complementing the existing national
specifications that are widely used for steel and concrete buildings. The
NSTS covers information exchange, materials, Fabrication, Erection, protec-
tion and Quality Assurance.

121

CNC Fabrication — Modelling — Project Delivery

Design for Fabrication

MASTER PANEL MASTER PANEL

(4) SYMMETRIC FINISHED PANELS (4) ASYMMETRIC FINISHED PANELS

122 June 12,2019 Engineering Requirements for Mass Timber Buildings
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Special Inspection Requirements

ICC Ad Hoc Committee for Tall Wood is developing a Chapter 17 Table 1705.5.3 for >85ft buildings. Items
addressed will include:

¢ Anchorage of mass timber to deep foundation systems
*  Erection and sequence

*  Connections required to meet design loads
* Threaded Fasteners
Installation Equipment
Pre-drilling holes
Screw specification
¢ Adhesive anchors
* Bolted connections
*  Other proprietary concealed connections
* Field gluing

* Fire protection of connections

123 June 12,2019 Engineering Requirements for Mass Timber Buildings
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Moisture Control Plan

Structural specifications should require the
contractor to submit this document. Mass
timber behaves differently that light wood
framing.

Scope to include:

*  End grain sealer, Taped joints, Squeegee, etc.

¢ Other coatings/temp coverings

¢ Active drying and dehumidification

¢ MC Record Log files — track target values

¢ Methods of repair/restoration of architecturally
exposed wood

¢ Roofing system application i
FPInnovation

124 June 12, 2019 Engineering Requirements for Mass Timber Buildings

124

Reproduction not permitted without permission 62



2019 SEAW Spring webinar
Mass Timber Buildings

CLT Sustainability

LEED v4 (MR) ENVIRONMENTAL PRODUCT DECLARATION

According to 1SO 14025

i Building preduct disclosure and optimization - environmental
preduct declarations

o - KLH Solid Timber Panels (Cross-Laminated Timer)
‘ Building life-cycle impact reduction KLH Massivholz GmbH

Option 4. whole-building life-cycle assessment (3 points)

Environmental Product

Building product disclesure and optimization - material H
ingredients DEC|arat|0n

o
Nordic X-Lam™

Product Description

Type ll environmental product declaration for cross-laminated timber manufactured at Nordic Structures developed according
1o PCRfor North American Structural and cts |  November 2011}

125 June 12,2019 Engineering Requirements for Mass Timber Buildings
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Engineering Requirements for Mass Timber Buildings

el —Wl"| Structural Engineers Association of Washington

Contact:
Hans-Erik Blomgren PE SE P.Eng. Struct.Eng.—  hans-erik.blomgren@katerra.com

Robert Gerard PE, Fire Protection Engineering—  robert.gerard@katerra.com
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