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This course is registered with AIA
CES for continuing professional
education. As such, it does not
include content that may be
deemed or construed to be an
approval or endorsement by the
AlA of any material of construction
or any method or manner of
handling, using, distributing, or
dealing in any material or product.

Questions related to specific materials,
methods, and services will be addressed
at the conclusion of this presentation.
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Course
Description

Mass timber structural framing systems have high strength-to-weight
ratios, are dimensionally stable, and are quickly becoming systems of
choice for sustainably-minded designers. This presentation will
provide a detailed look at the structural design processes associated
with a variety of mass timber products, including glued-laminated
timber (glulam), cross-laminated timber (CLT), and nail-laminated
timber (NLT). Applications for the use of these products in gravity
force-resisting systems under modern building codes will be
discussed. Other technical topics will include design of mass timber
for fire-resistance, connection options and design considerations, and
detailing and construction best practices.
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Learning
Objectives

At the end of the this course, participants will be able to:

1. Discuss mass timber products and building systems and their
possibilities as structural framing.

2. Compare structural properties and performance characteristics of
mass timber products and review their unique design
considerations.

3. Review structural design steps for members and connections in
common mass timber framing systems.

4. Highlight structural detailing best practices to address items such
as shrinkage and expansion, load path continuity, and speed of
construction.
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Why the Move to Mass Timber?

CO; Emissions from Fossil Fuels

Source: USGBC (2018)
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Why the Move to Mass Timber?

 Prefabrication
opportunities

* Integrated project
delivery

 Leveraging BIM
 Faster project delivery
« Safer/quieter site

 Reduced construction
traffic

* Fewer on site personnel

CUDLICINTEREST O SUSTAINABILITY  AESTHETICE  ABETTERWAY TO BUILD
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Overview

Mass Timber Materials
Overview

Mass Timber Design
» Codes

Resources

Structural Design
Special Considerations
Tips for Success

Fire Design

Connections

Additional Resources
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Mass Timber Materials

Overview
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Mass Timber Materials

Horizontal Elements (Floors/Roofs)

-

GLULAM Cross Laminated

Nail Laminated Timber (CLT
GLT Timber (NLT) ( )

T&G Deckin Mass Plywood Dowel Laminated
’ Panel (MPP) Timber (DLT)
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Mass Timber Materials

Horizontal Elements (Floors/Roofs)

-

GLULAM Cross Laminated

Nail Laminated Timber (CLT
GLT Timber (NLT) ( )

T&G Deckin Mass Plywood Dowel Laminated
’ Panel (MPP) Timber (DLT)
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Mass Timber Materials

Vertical Elements (Walls/Columns)

Cross Laminated Glul
Timber (CLT) ulam
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GLULAM

 Glue-laminated from
nominal 2x material

* Glued, pressed &
planed

e Beams and columns
* One-way spanning

* Various stress grades [. poug-Fir
. . « Southern Pine
* Various species . Spruce-Pine-Fir

« “Canadian” Spruce
« “Black” Spruce

The Workhorse! + European Spruce
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Design Codes

== & Specification
| Chapter 5
NDS
EEEETaE—————
e e el { | @&
2015 EDITION y
NDS’
Supplement
p— National Design Specification® '
;- ez @D 201S EDITION 4
Supplement

Table 5A — Beams

Table 5B —
Columns/Braces L oo




Design Resources

Glulam

APA Glulam Product Guide
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Glulam

STRUCTURAL Chapter 5 -
GLUED Structural Glued
LAMINATED Laminated Timber
TIMBER

51 General

£21  Reference Design Valwes

53 Adjustment of Reference Design
Values

& =T

L4 Special Design Considerations

Table £.0.3  Net Finbihed Widithe of Structural Glued
Laminated Timbers M

Tabde £25  Radinl Tensbon Design Factars, F_, for
Curved Members o

Table £3.1  Applicability of Adjustment Factars far
Soructeral Glucd Laminstod Thsber ... 37
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Glulam

Table 5.3.1 Applicablility of Adjustment Factors for Structural Glued

Laminated Timber
ASD ASD and LRFD LRFD
only § only
- % s [

THHHAHHHRERE

HUEBHBHHE R

IR IR

il

Fo=F, x l@gl Cu C C. Cv Cu C. Ci T 254 0.85 &
F,=F, x BB Cx C - . - 270 080 &
F.=F, x |G Cu C - Cy - - 288075 A
Fr=F« x |Cp Cu G - 288075 A
F-=F. x BGB Cu C, - Cp - 240090 A
Fop =Fey X = Cu G C, 1.67 090 -
E=E x | = Cu G
Emin = Emin X 0= Cx G, - 1.76 0.85 -

1. The beam stability factor, Cy, shall not apply simaltancously with the volame factor, Cy, for stroctural glued laminated tsmber bend-
ing members (see $.3.6). Therefore, the lesser of these adjustment factors shall apply.
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Glulam

» Stress Grade — NDS Supplement Table 5A

Bending About X-X Axis
|:> (Loaded Perpendicular to Wide Faces
of Laminations)
Compression Shear Parallel Modulus
Bending Perpandcular 10 Grasn of

o Gran Elastcity
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Glulam Design Notes

* Primary Axis Bending - Flatwise Bending
« X-X Properties * Y-Y Properties
« Lesser of C, and C_ * Cq, »
(2
fu dy
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G I I Combination| Species Fox Fox
U al I l Symbol | Outer/ Core|  (psi) (psi)
| 24F-1.8E 2400---1---4450
24F-V4 DF/DF [ 2400 1850
* Beam layups 24F-V8 DFIDF I 2400 2400 7
Unbalanced Balanced

Simple Spans Continuous Spans or Cantilevered

TL=Tension
Lamination

24F-V4 24F-V8
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Special Considerations (uiam)

» Deflection

 Deflection often governs glulam beam design in
mass timber construction

* Include long-term affects (NDS 3.5.2)

AT = Ker ALT + AsT  (NDS eq. 3.5-1)

Ker = time dependent deformation (creep) factor Aut = immediate deflection due to the long-term

= 1.5 for seasoned lumber, structural glued component of the design load, in.

laminated timber, prefabricated wood ljoists, Asr = deflection due to the short-term or normal
or structural composite lumber used in dry component of the design load, in.

service conditions as defined in 4.1.4, 5.1.4,

7.1.4, and 8.1.4, respectively.
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Special Considerations (uiam)

« Camber
 APA Product Guide/APA Technical Note S550H

« Recommend you specify a consistent camber (in
feet, radius)
« 3000 ft. for floor beams
» 5000 ft. for roof beams
Do NOT camber multi-span or cantilevered members

« Manufacturer specific camber (if available)

« Example: Manufacturer X
« 1310 ft., 1833 ft., 2620 ft. 3274 ft.

* “TOP” label
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Special Considerations (uiam)

» Strength Design (LRFD)

« Timber typically designed in ASD, however using
LRFD for strength controlled members may gain
you $%-15% additional load carrying capacity

 NO C, Factor

- Add
» K:(Format Conversion Factor) per NDS Table 2.3.5
« @ (Strength Reduction Factor) per NDS Table 2.3.6
* A (Time Effect Factor) per NDS Table N3 (page 183)
» Use LRFD load-combinations per IBC
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Special Considerations (uiam)

 Holes in Beams
 APA Technical Note V700A

TECHNICAL NOTE
Effect of Large Diameter Horizontal Holes ¢
on the Bending and Shear Properties ‘ ’

of Structural Glued Laminated Timber

- www.apawood.org

* Reinforce Penetration with Timber Screws

» https://mtcsolutions.com/resource/timber-reinforcement-quide/
C A

\ SWG ASSY® VG /
‘L/ S -
| £
LI -E?\) E ‘ =2
T1E
A |



https://mtcsolutions.com/resource/timber-reinforcement-guide/
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Glulam Columns

* Adjustment Factors Axiaily Losded
« NDS Table 5.3.1 | Potet | ol
0 Gran 10 Grain
’ Cp Species Grade zw ‘t'a:'-m ':’::“3
* NDS Supplement b el g
® Table SB DF L3 950 1550 1250
DF L2 1250 1950 1600
 Eccentricity or | tic | a0 | zo0 | ieso
DF L1 1650 2400 2100
. HF L3 800 1100 1080
* Not codified v ;% % :EE
. 0 . HF L1D 14 1 17
5% min ——
AC L2 a7 1450 14580
‘ez clelelsls
« Always use judgement B || a= [ s | mooi] e
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NLT — Nail Laminated Timber

» Code recognized
 Typical spans

* 10-16 feet
* Nominal 2x on edge
» Unique aesthetics  Design Considerations
* Floors and roofs * Fire design
 Lower raw material * Openings

cost * High shrink/swell
» Labor cost variable potential

Edge detailing
Sheathed diaphragm

* More expensive if field
assembled

« Recommend panelizing
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Design Codes :
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>
S
= S
IBC 5 ¢
2304.9.3 Mechanically Laminated Decking 8
o
T — & Specification §,
: === | Chapter 4 — Sawn Lumber "C’
IB .9
»
GEmIA Y T e
4 X
@ Ee]
. 2 8
2 =
B =5
INTERNATIONAL (7)) "(;;
BUILDING CODE © 5
® > O
)
NDS -z

Supplement

lllllllllllllllllllllllll
Design Valun for Wood Construction

2015 EDITION

@

Supplement

Table 4A — All species except So. Pine
Table 4B — Southern Pine

Table 4C — Mechanically Graded




Design Resources

B

NLT Design Guide available at www.thinkwood.com
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NLT — Nail Laminated Timber

SAWN LUMBER Chapter 4 —

Sawn Lumber

4.1 General 26
4.2 Reference Design Values 27

4.3 Adjustment of Reference Design
Values 28

4.4  Special Design Considerations 31

Table 4.3.1  Applicability of Adjustment Factors for
Sawn Lumber 29

Table 4.3.8  Incising Factors, C, 30
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NLT Design Notes

Table 431 Applicability of Adjustment Factors for Sawn Lumber

ASD LRFD
ASD and LRFD
only only
3 ¥ <
TEIEIBI i| £] 2
b | - ¥ R = - v
5 E AFIHE IR il 3|z i
"1 21 2| & 5 _!
LR 1EIEIE L
o K’ ¢
Fy = Fy x[€iCu C C. Cr Ca G C - - - 5NN
Fl." F N CD C\l C! - Ci o C- - - - - 2.70 0.80 s
Fy = F, xfCpiCy G - - - GG - - - - ZEEUSSEN
F. = F, x[CfCuw G - G - G - C - - ZOSHE
Fu=Fy, x|= Cu G - - - G - - - G 167050 =
E~E Il GC: G - - - G
Euis "FEmia x| = Cu G - - -« G - =« Cr - 176085 -
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NLT - Lamination Nailing

 Prescriptive nailing per
IBC Table 2304.9.3.2

NAILING PATTERN o ° . o . o
NLT DEPTH = - =
NLTTYPE  (NominaL) 3 in. long, 0.148n. 3 in. long, e ~
diameter nails 0.128in. diameter
(staggered) nails (staggered) —@)

Continuous Lessthan 6 in. | One row @ 7 in. o.C. | Onerow@5in. o.c.

Laminations More than 6 in. | Two rows @ 14 in. o.c. Two rows @ 10in. o.c. Two Rows

Butt-Jointed Lessthan6in. | One row @ 7 in. o.C. | Onerow@5in. o.c.

Laminations® More than 6 in. | Two rows @ 10 in. o.c. Two rows @ 10in. o.c. 1 * » 2 1
. ) >
Note: Nwils are smooth shank galvanized iteel nails, ! - >
*Provide two additiomal nails on cach side of every butt joint. 5 @ .

One Row

Figure 4.9: L amination Nailing
Key

1. Nailing spacing

®  Nailing in face layer

o Nasling in layer beyoud
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NLT Design Notes

* Flexure
NLT STRESS NLT CAPACITY

Fonr = FK

b b d? b.NLT b Iayuo.stection.b

» F, includes all applicable adjustment factors per
NDS Table 4.3.1

e Shear

NLT STRESS NLT CAPACITY

3V
2b d I:v.NLl a Fv Ksechon‘v

panel

f=

» F\/ includes all applicable adjustment factors per
NDS Table 4.3.1
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NLT Design Notes

 NDS Adjustment Factors per NDS Table 4.3.1
» Design NLT as fully braced (C,=1.0)
» Size Factor (Cg) based on single lamination
» Repetitive Factor (Cr) applies = 1.15

« Additional adjustment factors required when
NLT laminations are not butt jointed at supports
(K ayup) @nd when mixing laminations of varying

depths (Ksection)
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NLT Design Notes

Layup Factor (Ky,,) - IBC 2304.9.3

 Less than 1.0 when “controlled” layups place
lamination joints between supports

» May produce less lumber waste
* Reduced strength and stiffness
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NLT Design Notes

Continuous (single span)

[ [
Klayup.b = 10 Klayup.E =10
4
g WQZ A= 5W€3
=8, 384E (d*/12)

o —3F
Continuous (multi-span)

] [ ] [ ]

=1.0 K =1.0

layup.b layup.E —
i w2 w4
M=—g- A=7g5E (d¥12)

v




T /77727
NLT Design Notes

Random Controlled Layup (Not permitted in Type IV Construction)

2 edge conrses min. 2 cowrses where joints
supported on 2 supports F:{gn approx. (+6 in.)
3y [1 I3
L I Klayup.b = 0.67 Klayup.E =0.69
: : 0 0.0069wk*
1 - 2 —
M= 0.10wl E (d3/12)
B
ot A8 in. miniownmy
end bay 7 £

Layup rules per IBC 2304.9.2.5 and 2304.9.3.3

5 TS

panel

El=E,'I=EK,__K

layup.E" “section.E 12
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NLT Design Notes

Layup Factor (Ksection) LU_U_H—HU_H

« Staggered lamination depth for aesthetic or
acoustic purposes

» Reduced efficiency
* Not a fully composite section

« Modifying deeper lamination stiffness across full
width

» +/-33% strength & stiffness loss

« Shear based on only contribution from deeper
laminations
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NLT Design Notes

IIIIIIIIIII Key

. NLT deep lamination depth (d,)
. NLT shallow lamination depth (d,)

. NLT deep lamination thickness (b, )

1
2
3
4. NLT shallow lamination thickness (b, _,)
5
6

\5} . NLT panel width (b)
. Ratio of lamination depths (x ), where
nb n = the number of laminations of depth d
I lam
6) *=
bpancl

STIFFNESS (K

) BENDING (K

) SHEAR (K )

section.E section.b section.v




Special Considerations

* Penetrations and openings

Opening Size _|Action

Up to 2” diameter  Okay, 6” minimum spacing, stagger
(reinforce groups of (3) or more as
opening)

2” to 6” diameter  Provide local reinforcement screws
6” to 18” opening  Provide reinforcement angle
Greater than 18” Provide supplemental framing

« Penetrations larger than 2" should avoid NLT
panel joint/spline

« Require penetration submittal for openings
greater than 6”
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Special Considerations

* Penetrations and Openings

—<4.)
.
o {2
.
. o443.)
H ~ ° C’)
.
L
-
(5.1] »
-
2K 2K
@ @ Plan View of Opening with Steel Angle Framing
Plan View of Opening )
; 16
- 6.
N |V [ | i
\\'9% 5
Section Beyond Opening Section of Opening with Steel Angle Framing

Up to 6” 6” to 18” Opening
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Special Considerations

« Consider long-term deflection effects per NDS
3.5.2

* Vibration options
 Limit elastic live load deflection (L/480+)

« AISC Design Guide 11 - Vibrations of Steel-
Framed Structural Systems Due to Human Activity

» Weak-axis overhang

« Up to 6” (4 laminations) with supplemental nailing
and reinforcement screws or provide outrigger
framing
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Tips For Success

* Panelize NLT (on-site or off-site)

» Use timber screws to achieve equivalent toe-
nailing requirements per IBC 2304.9.3.2

* Provide spline type connection at panel-to-panel
connections

* Moisture Management Plan

» Sheath to restrain as soon as possible

* Introduce gaps to allow for swell
« %’ every 10 feet

 Tape joints
* Protect wood end grain
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CLT — Cross Laminated Timber

» Code recognized (2015 IBC)

 Prefabricated/non- commodlty
 Floors and roofs *
« Load-bearing walls
« Shear walls
 Bi-directional span

* Dimensionally stable

 Typical spans
« 12’-20’ spans (non-composite)
« 16’-24’ spans (composite)
 Typically vibration or shear governed

9&

Versatile!
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o

e L T ey : Specification &

_@® | Chapter 10 — Cross by

’ Laminated Timber c

K=l

)
XN | 8 @
® ; X
NDS | o 38
e b i Standard for Performance-Rated = c
VA S e Cross-Laminated Timber 7 =
BUILDING CODE © g
)
T

PRG-320
Table 4A — All species except So. Pine 7
Table 4B — Southern Pine @ Ara

Table 4C — Mechanically Graded
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CLT Design Notes

* Minimum Performance Standards for layups
outlined in PRG-320

TABLE A2
ASD REFERENCE DESIGN VALUES**+ FOR CLT (FORUSE INTHE U.S.)
Lomination Thickness [in.) in CLT Loyup Major Strength Direction Minor Strength Direction
(L3P (€1)eurre
".’ku “o; - (M V“ '.alﬂ” (|°‘ 161 Mﬂl‘. V‘.'

CT CuTy, (VeA-Fefe inifof (10 IbiM (LU (1bd-fr e inifof (10" BIM (Ibf/i

Layup (in) - 4 - of width) widsh) of width)  of width) of width) width) of width)  of width)
418 18 138 138 4,525 115 0.46 1430 160 3 061 495

B 678 138 138 138 138 138 10400 “ o9 1970 1370 8 2 1430
95/8 13/8 138 138 13/ 138 138 138 18375 1,089 1.4 2490 3,128 309 18 1,960
41/8 13/8 13/73 1338 3,825 102 053 1,910 165 36 0.56 660

E2 &67/8 138 138 138 138 138 8,825 389 1.1 2425 1,430 95 1.1 1,910

958 138 138 138 138 138 138 15600 963 16 335 3275 360 17 2625
RALERE L NE L qu’&_ 2,800 81 035 Lo 1o 23 048 _385

E3 467/8 138 138 138 138 138 6,400 3 0.69 1530 955 61 087 1,110
958 132 138 13/8 13/8 13/8 1318 11,325 769 10 1,940 2,180 232 13 1,520
471/8 \ 8 _l 3."3 % 1338 i 74,5?5 ; ll.'g 050 ),750. |740 73 4 707677 605

B 678 138 138 138 138 138 10400 440 10 2410 120 88 12 1750

95 138 138 138 138 138 138 18400 1089 15 30% 2800 35 19 2400
41/8 138 138 138 2,050 108 053 1,910 165 36 0.59 660

Vi é7/8 138 138 138 138 138 4,800 415 1.1 24625 1,430 95 1.2 1,910

P58 138 38 138 138 138 18 8,500 1,027 16 3325 3275 360 18 2,625
IR N E Y 2,000 95 046 1430 160 a1 052 495

V2 67/8 138 138 138 138 138 4,675 363 091 1970 1,370 81 1.0 1,430
958 138 138 13/8 13/8 13/8 138 13/8 8,275 898 1.4 2450 3,125 309 146 1,960
418 138 138 13738 1,740 95 049 1.750 140 34 052 605

Vi 678 %8 138 138 138 138 4,000 363 098 2420 1,230 88 10 1,750
958 138 138 138 138 13/ 138 138 7,100 899 1.5 3,050 2,800 335 14 2,400

ForSl:1in. = 25&8men Th « 3088 mm; 1 1f « 4 448N

. See Section 4 for symbols

b. This toble represents one of mony possbilties thot the CLT could be manufochured by varying lomnotion grades, thicknesses, or ond loyer orrongs in the loyup.
¢. Cuntom CLT loyupn that are not listed in thas table shell be permitted » occordance with 7.2.1,
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Design Resources

23 - R oion |

CLT Handbook available at www.thinkwood.com




CLT — Cross Laminated Timber

CROSS-
LAMINATED
TIMBER

10.1 General
10.2 Reference Design Values

10.3 Adjustment of Reference Design
Values

10.4 Special Design Considerations

Table 10.3.1  Applicability of Adjustment Factors for
Cross-Laminated Timber i

Table 10.4,1.1 Shear Deformation Adjustment

60
60

60
62

e 61

Factors, K

62

Chapter 10 —

Cross Laminated
Timber
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CLT Design Notes

Table 10.3.1  Applicability of Adjustment Factors for Cross-Laminated

Timber
ASD LRFD
] ASD and LRFD only
- 5 X § = g
AL R
g 2 g é £ E = |-
THHEILE g :
s | E £l & = g | B
1 (2|5 3|3] 2 : e
- =
Bending  Fu(S.)’ = Fu(Sen) xXIBCpl Cy C; C, 2.54 0385 A
Tension  FuApune)’ = FlApanaiel) XlC Cyw G - - - 270 080 A
F,((\.)'=F\‘(t.,) X CD Cu C - - - 2.88 0.75 A
Shear
F-(lb’Q)crr' - Fs('b'"o)cﬂ' X CM Cl e o - 2.88 0.75 '
Comp.  FulApmna) = FlApnia) X Cp Cuw G - Cp - 240 090 A
Bearing F..(A) = F.(A) x| Cuw ¢ - - C, 167 090 -
ED. = (EI Cu C
Stiffness e = e : e
(El)w~m'm"'(El)aw-mm X CM C| - - - 1.76 0.85 -
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CLT Design Notes

Table 10.3.1  Applicability of Adjustment Factors for Cross-Laminated

Timber
ASD LRFD
it ASD and LRFD .
H = z B S g
SHEHEHRR - L
5 2 5 é & E = | =
SHEEIEE g :
v | E | & g 2 g
1 (2|5 3|3] 2 : -
- 4
Bending| Fu(Su)’ = Fy(Sen) JIC G G G 254 0.85 A
Tension  FuApuane)’ = Fil Apaaier) XXCph Cvw G - - - 270 080 A
F,((\.)'=F\‘(t.,) X CD Cu C - - - 2.88 0.75 A
Shear
FAIb/Q)r’ = FAID/Q)er (flatwise) X Cw G - - - 288 075 -
Comp. | FulApmna) = FlApnia) X Cp Cuw G - Cp - 240 090 A
Bearing F..(A) = F.(A) x| Cuw ¢ - - C, 167 090 -
- (El)ygp = (ED)yy (for deflection) X Cu G
Stiffness

(EDspp-min’ = (EDapp-min (for Cp) X Cw &G - - - 1.76 085 -
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CLT Design Notes

- Bending (ASD)

* Fu(Sef) = Fo(Se)(Ca)(Cm)(C7)(CL) C,=1.0*
| |
PER PER
MFR. NDS

Mb

Bending Stress
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CLT Design Notes

« Shear (ASD)

+ Fo(IbQq)= Fy(IbQq)(C)(Cr) —— No C.
| |
PER PER
MFR. NDS
l
Vs
Va

Shear Stress
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CLT Design Notes

* “Rolling Shear”
¢ GRzGol1O
* Produces high shear deformations

» Accounted for in CLT properties

* Fo(Ser)
* Fs(IbQex)

oooooo
.................
000000000000
............

Grolling shear | |
G A
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Special Considerations (i

» Deflection

 CLT deflection to account for shear
deformations (mandatory)

El .
wp i I8 Eleff
GA L

(ED)

(C10.4.1-1)

« L =span
« K, per Table 10.4.1.1 (next slide)

* Provided by CLT Mfr.
o El g, GA
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Special Considerations (i

» Shear Deformation Adjustment Factor (K,)

Table 10.4.1.1 Shear Deformation

Adjustment Factors, K.
Loading End Fixity K,
Uniformly Distributed —— -

Fixed 57.6
Pinned 144
Fixed 57.6

Line Load at midspan

Line Load at quarter points Pinned 105

Constant Moment Pinned 0
Uniformly Distributed Cantilevered 48
_Line Load at free-end Cantilevered 3.6
Pinned 1.8

CoREETOuCKINY Fixed 23.7
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Special Considerations (i

* Vibration
« Often controls CLT spans
* Vibration controlled spans provided by CLT mfr.

« Simplified Approach (for spans < 15 ft.)

 Limit elastic live load deflection (L/600)
 Limit elastic total load deflection (L/400)

« CLT Handbook (FPInnovation), Chapter 7

0.293
pg U (Ely)

T 12.05 (pd)"'
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Special Considerations (i

* Vibration

« Performance variables not accounted for
» Continuous/multi-span benefits

Ceilings (increased damping)

Topping slab stiffness (non-composite)

Stiffness of supports

Other interstitial elements
e Acoustic mat
» Raised access floor

« US Mass Timber Floor Vibration Design Guide

» Release expected early 2020
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CLT Design Notes

« Compression
° FC(AparaIIel)’= ‘FC(AparaIIeI)(Cd)(Cm)(CT)(CP)

J\ J
|

PER PER
MFR. NDS
L S

(Fc,90) X Atransv :
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CLT Design Notes

« Compression
« Columns Stability Factor, Cp

5 = 1+(Fe/F;) {1+(FcE/F:)-|
2¢ V 2¢ |

* ¢=0.9 per NDS 3.7.1
« Fie= ch,o)lng)(Cm)(Ct)

1
Y Y

PER PER NDS

MFR.

2

_ /R
C

* Fee= 0.822 (EI) pppmin — (E1) app-min=0.5184(El)’ 2,
(Le/d)
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Special Considerations (i

 Cantilevers

* Analyze each direction
iIndependently

e Distribute load each direction

relative to stiffness, (El),pp

 Deflection by superposition
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Special Considerations cun

SUPPORT .~ .
« Openings i ik
* Distribute load around
openings equally (trib)

» Consider opening relationship T BT T B T8
with panel edge (load sharing?)

* Analyze weak-axis “strips”
- ldentify critical sections 2

- Reduced shear/bearing i A
near supports !

 Reduced stability at long 1
narrow sections (C,<1.0) 4

. ==
N
S
m
—

CLT SPAN

SUPPORT
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Tips for Success ¢

* Optimization
« Adopt a timber friendly grid size

* i.e. 16x30, 20x28
* 50%+ cost from wood fiber (commodity)

Glulam most expensive fiber (on a ft3 basis)

On-board CLT supplier/manufacturer
» Optimize panel layout/spans to fabricator

Minimize pieces
Connection influence
3-ply considerations

 BIM for fabrication
« Panel layout plan — who controls?
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Tips for Success ¢

« Jurisdictional approval
 Early involvement
 Leverage resources

» Special inspection

« Understanding out of scope items
 Acoustics/ acoustic mats
 Site moisture management
 Site timber protection

« FEA tools (openings, cantilevers, vibration)
 Dlubal
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Fire Design

Fire Design Basic Concepts
Char Rate

Char Depth

Fire Design Checks

Special Considerations
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Fire Design

 Construction Types (IBC Table 601)

TABLE 601
FIRE-RESISTANCE RATING REQUIREMENTS FOR BUILDING ELEMENTS (HOURS)
TYPEI TYPEN TYPE N TYRE WV TYPEV
—
BUILDING ELEMENT A s A A r ( B — A 5
Primary structural frame' (see Section 202) . oo =~ P 0 1" 0 i 1" 0
Bearing walls
Exterior*' 3 2 1 0 2 2 2 1 0
Interior < 2 1 0 1 0 I/HT 1 0
Nonbcm_‘mg walls and partitions See Table 602
Exterior
Nonbearing walls and partitions See
Sera z 0 0 0 0 0 0 Section 0 0
Interior 2304.11.2
Floor construction and associated secondary members 2 5 I 0 I 0 " 1 0
(sce Section 202)
Roof construction and associated secondary members 1 I e o e 0 " e 0
(see Section 202)

For SI: | foot = 3048 mm,

a. Roof suppons: Fire-resistance ratings of primary structural frame and bearing walls are permitted 1o be reduced by 1 hour where supporting a roof only.

b. Except in Group F-1, H, M and S-1 occupancies, fire protection of structural members in roof construction shall not be required, including protection of
primary structural frame members, roof framing and decking where every part of the roof construction is 20 feet or more above any floor immediately below,
Fire-retardant-treated wood members shall be allowed to be used for such unprotected members,

. In all occupancies, beavy timber complying with Section 2304.11 shall be allowed where a I-hour or less fire-resistance rating is required.

. Not less than the fire-resistance rating required by other sections of this code.

. Not less than the fire-resistance rating based on fire separation distance (se¢ Table 602).

Not less than the fire-resastance rating as referenced in Section 7O 10.

-oan




Fire Design Codes

Calculating the
Fire Resistance of
' Wood Members
' and Assemblies

l Technical Report No. 10

AMERICAN
WOOD
COUNCIL

AWC TR-10

National Design Specification” for Wood Con

nnnnnnnnnnnnnnn

2015 EDITION

NDS — Chapter 16

+ commentary

lllllllll

Mg

>
<
</ o
s
< “Q\

February 25, 2020

Texas Wood Desigh Symposium

Houston, Texas
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Fire Design Basics

» Wood burns mmmm char is formed on all
exposed surfaces

* Charred areas of exposed member are
assumed to have no strength and no stiffness

» Sectional properties of member are reduced by
char depth

* Reduced (remaining) section stresses are
checked against average ultimate strength
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Fire Design Basics

Cold wood ! Cold wood

Hosed rone Hostod rone

Char layer Char layer
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Char Rate

» Char depth (a) based on non-linear char rate ([3)

* A researched based nominal char rate (f3,,) of
1.5 in/hr. is used for wood design and adjusted
for time to determine an effective char rate (B.#)

1.28,

Beff = £0-187

(NDS 16.2-1) Be = Effective char rate (in./hr.), adjusted
for exposure time, t

1.2 Factor — 20% increase factor to
. account for reduced strength in heated
t (hr) | Bes (in/hr.) zone and reduced section at corners
1 hr. 1.8 in/hr. (accelerated charring)

1.5hr. 1.67 in/hr. B, = Nominal char rate (in./hr.) based on 1-
_ hour exposure (1.5 in/hr. for wood design)
2 hr. 1.58 in/hr.

t = exposure time (hr.) as required by IBC
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« Effective char depth (a.,,)
» Depth to be subtracted from each exposed side
* a.,.-= Effective char rate (B.¢) X exposure time (t)

Table 16.2.1A Effective Char Rates and Char

(NDS) Depths (for f» = 1.5 in./hr.)
Effective . Effective Char
Required Fire | Char Rate, Depth,

Endurance Berr ke

(hr.) (in./hr.) (in.)
1-Hour 1.8 1.8
1'2-Hour 1.67 25
2-Hour 1.58 3.2
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Fire Design Checks

* Applicable design values (from supplement)
° Fb’ Ft! FC’ |:bE’ FCE

* Applicable adjustment factors

« K— Average strength per table 16.2.2 (next slide)
¢ Cf’ CV’ Cfu

16.2.1.4 Section properties shall be calculated using
standard equations for area, section modulus, and mo-
ment of inertia using the reduced cross-sectional dimen-
sions. The dimensions are reduced by the effective char
depth, ag,., for each surface exposed to fire.
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Fire Design Checks

Table 16.2.2 Adjustment Factors for Fire Design?

ASD
£% | - T | % T g | £
sEd| 3 : 2 | 2| E2
2t [ 2 [ s | 2[& [3
Bending Strength F, X 2.85 Ck Cy Cq, C. -
Beam Buckling Strength Foe X 2.03 -
Tensile Strength F, X 285 | G
Compressive Strength F. X 258 | Gy - - - Cp
Column Buckling Strength F.e X 2.03

. See 4.3, 5.3, 8.3, and 10.3 for applicability of adjustment factors for specific products.
2. Factor shall be based on initial cross-section dimensions.
3. Factor shall be based on reduced cross-section dimensions.
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Special Considerations

« CLT

 Varying effective char rate based on lamination
thickness (NDS 16.2.1.3)

Table 16.2.1B Effective Char Depths (for CLT

with [,=1.5in./hr.)
Required Effective Char Depths, a,,,,
Fire (in.)
Endurance lamination thicknesses, hy,, (in.)
e S/I8 |34 7/8 1 [1-1/4] 1-3/8 | 1-1/2]1-3/4] 2

1-Hour 22 1221 21 |20] 20 1.9 18] 18 1.8
1Y2-Hour 34 1321 31 |30 29| 28 | 28| 28| 26
2-Hour 44 |43 | 41 |40 39 | 38 |36 | 36| 36
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Special Considerations

e CLT
(/)]
=
5
£
“’g c
<= o D
oE =0
s * &
=
o

e

Char
Depth
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Special Considerations

« Continuous/monolithic \
Topping present? 38 L )

Air Movement Possible
Account for Side Charring

YES | NO

Char as solid Char individual A P UAVY 9 PA
member laminations . . . - =
One-dimensional Two-dimensional
. ) < o
charring charring
Char bottom-side to Char bottom-side to
depth achar depth achar
onIy + Air Movement Prevented
1/3 Achar depth on (2) Treat as Solid Timber Flement
sides

Figure 3.5: Air Movement Through NLT
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Special Considerations

e Char Contraction /

* Needs to be considered Behar ]
when wood is used as a
protective element

|

|

|
. Refer to AWC TR-10 °'3ac"a'ﬂ

I

I

.

%

Char

section 1.5.1
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Fire Design Notes

 Glulam Beams

16.2.4 Special Provisions for Structural
Glued Laminated Timber Beams

For structural glued laminated timber bending
members given in Table SA and rated for 1-hour fire
endurance, an outer tension lamination shall be substi-
tuted for a core lamination on the tension side for un-
balanced beams and on both sides for balanced beams.
For structural glued laminated timber bending members
given in Table 5A and rated for 1%- or 2-hour fire en-
durance, 2 outer tension laminations shall be substituted
for 2 core laminations on the tension side for unbal-
anced beams and on both sides for balanced beams.
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Fire Design Notes

» Glulam Beams (unbalanced shown)

1-he 1-1/2 and 2-hr

Fire Resistance i Fire Resistance i

Unrated

Core
Core
Core
Core

{HHEHaH!
AHHHE

(a) (v) (c)

*Similar for balanced layup
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Fire Design Notes

* No serviceability requirements for
fire case

- Connections require same fire
resistance rating as primary
structural frame

« Conceal connection beyond char
depth or protect by other means

» Fire design may not require larger
members but will still add cost:
» Connection protection

« Oversizing members to conceal
connections

* Fire beam layups
 Fire caulking

» Special inspection
* Penetrations
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Mass Timber Connections

 Considerations o
« Aesthetics (Architect) | '
» Cost (Owner) \
* Project Delivery (Contractor)
* Fire Requirements
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Mass Timber Connections

» Considerations
» Aesthetics (Architect)
» Cost (Owner)
* Project Delivery (Contractor)
* Fire Requirements
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Mass Timber Connections

« CLT Panel Connections

Butt Joint

Half-lap

Spline




A A A A A A A A A A
Mass Timber Connections

Engineered Timber Screws

®

M
SOLUTIONS

Formerly MyTiCon




T2
T| pS FOF SUCCGSS (Connections)

» Make inclusive design
process

* Avoid field welding

« Specify timber screws in
lieu of lag screws

* No/limited pre-drilling
 More ductile
* Faster installation
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Additional Resources

 woodworks.org
Project Support
Educational Resources
White Papers

Design Tools

Regional Director | TX-South, LA

(512) 947-4787

* thinkwood.com
« CLT Handbook
* NLT Design Guide

* dWC.0IQ
o Software

* Free Calculators
» Design Examples



https://www.woodworks.org/
http://thinkwood.com
https://awc.org/
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Thank you!

This concludes The American
Institute of Architects Continuing
Education Systems Course

Michael Dupras, PE, SE, LEED® Green Associate
DCI Engineers
mdupras@dci-engineers.com



