Structural Design of Mass Timber
Framing Systems

Presented by Paul B. Becker, PE Thornton Tomasetti

Disclaimer: This presentation was developed by a third party and is not
funded by WoodWorks or the Softwood Lumber Board.



“The Wood Products Council” is a
Registered Provider with The American
Institute of Architects Continuing
Education Systems (AIA/CES), Provider
#G516.

Credit(s) earned on completion of this
course will be reported to AIA CES for
AlIA members. Certificates of Completion
for both AIA members and non-AIA
members are available upon request.

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

This presentation will provide a detailed look at the structural design processes
associated with a variety of mass timber products, including glu-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 the
use of mass timber panels as two-way spanning slabs, connection options and
design considerations, and detailing and construction best practices.



Learning Objectives

1. Provide an overview of available mass timber products, design standards and
structural optimization.

2. Review structural design properties and design considerations for CLT floor
and roof slabs

3. Review design properties and design considerations for glulam beams and
columns

4. Review connection options for CLT and glulam beams
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Mass Timber Products
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Albina Yards, Portland, OR circa 2016 ot Story 16,000 ¢

11 i‘ii‘l. ';

| miiﬁii 1l‘l'

m’"
- -
nl{ "h ﬂ

photo: Lever Architecture




Albina Yards, Portland, OR circa 2016
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Candlewood Suites, Huntsville, AL, circa 2015

CLT Bearing Walls /Slabs
3-ply walls, 5-ply slabs
Four-stories 62,700 sf
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18 stories, two-way slabs, no beams

Brock Commons, Vancouver, BC

9.33’ x 13.0’ grid, 18 stories
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i IWa U I ke e, WI 21 stories (5+16) @ 238 ft

Ascent Tower, M

STRUCTURAL SYSTEM - WOOD

(NLT)
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Mass Timber Products
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Nail Laminated Decking "~ 'TYP. GRIDS B, C, F AND G ONLY

Images source: Structurecraft



Mass Timber Products

Dowel Laminated Decking

Images source: Structurecraft



Cross-Laminated Timber

Non-homogeneous, anisotropic material

CLT Slabs

Images source: CLT Handbook

Composition

3-ply minimum, up to 9 ply

Pieces 5/8” to 2 inch thick

Pieces 2.4 inches to 9.5 inches wide
Boards finger jointed

MSR or visual, all kiln dried

Width and length by manufacturer

Advantages

Dimensionally stable product

High strength to weight ratio

Long, wide slabs

High in-plane, out of plane strength +
stiffness

two-way action

Connector splitting resistance



Composite CLT

2 114" NORMAL WEIGHT COMPOSITE SHEAR CONNECTOR,
CONCRETE TOPPING SLAB VG CYL TYPE SCREW, SPACING
sl VARIES, ORIENT SCREWS IN THE
*STRONG POSITION" WITH HEADS
TOPPING SLAB ORIENTED TOWARD THE
REINFORCEMENT. NEAREST SUPPORT.

Y Sy
’

1 !

| H Y
aal
t-¥ 1

! |

L

|
$
|
\

5-PLY 6 34" THICK |
CLT FLOOR PLANK

screw connector field applied

Images source: SOM

proprietary mesh connector
epoxied into CLT

Images source: Setragian/Kusuma



Composite Construction

CONCRETE . _ GLULAM COLUMN
TOPPING SLAB . 1 -~ BEYOND
TOPPINGSLAB | CONNECTOR
\ "‘ P
|’ = — v = v [~} L) o =} . e l\ o
===,

. '3 13 L 0 S SPS p

i EssEENE
CLT FLOOR PLANK | ) T " SELF TAPPING CSK
SPLY 634 THICK CLT |/ b3 COMPOSITE BEAM
COMPOSITE BEAM SHEAR CONNECTOR

Images source: SOM



Mass Timber Design

Design Considerations — In-Plane and Out-of-Plane

* Bending Strength
e Shear Strength strength

 Bending Stiffness 7

* Shear Stiffness serviceability

e Vibration



Mass Timber Design Guides

I reped areneder] Trede

NDS

NATIONAL DESIGN SPECORCATION®
foe Wood Corvtruction weh Commentary

Images source: CLT Handbook, PRG 320-2018, AWC NDS



Common CLT Layups

3-ply3layer
(3.43"-4.14")

5-ply 3 layer
(5.477-6.90”)

5-ply 5 layer
(5.47”7-6.90”)

7-ply 5 layer
(7.52”7-9.66")

7-ply 7 layer
(7.52”7-9.66")

-

9-ply 7 layer

(9.57”-12.42”)

gy
9-ply 9 layer —_-
(9.57"-12.42") ey
(S oo e —— o ]

Examples of CLT pan cross-scction

Images source: PRG 320-2018



CLT Stress Grades

mm

E1
E2
E3
E4
V1
V2
V3

1950f-1.7E MSR SPF
1650f-1.5E MSR DFL
1200f-1.2E MSR Misc
1950f-1.7E MSR SP
#2 Doug Fir Larch
#1/#2 Spruce Pine Fir

#2 Southern Pine

#3 Spruce Pine Fir
#3 Doug Fir Larch
#3 Misc

#3 Southern Pine
#3 Doug Fir Larch
#3 Spruce Pine Fir

#3 Southern Pine



CLT Stress Grades
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CLT Supply Options

Suppliers

@ Structurlam

@® Nordic

@ DR Johnson

@ International Beam
Smartlam
KLH

@ Binderholz
StructureCraft
Katerra

@ Vaagen
Freres (MPP)

@ Kalesnikoff

Ligna Terra

Location

British Columbia
Quebec

Oregon
Alabama
Montana
Austria

Austria

British Columbia
Washington
Washington
Oregon

British Columbia

Maine

Image info: Chris Minerva, Ricky McLain

Panel Length (ft)
40

64

42
52.5
40/64
38

38

60

60

60

48

Panel Width (ft)
8,10

8

8,10
8,10,12
8,10
7.33
11.5
8,10,12
12

4

12

Grades
V2, E1
El

E2, V1
V3

V4

Spruce, E1, V2

E1, V2
E2,V1
E2

Availability
Available
Available
Available
Available
Available
Available
Available
Available
Available
Available
Available
Available 2020
Available 20227



Flatwise Panel Loading

houst 2
FLATWISE SENDING BN THE MASOR (LETFT) AND MINOE [IIGHT) CLT STRENGTH DIRECTIONS

MAJOR MINOR

Images source: PRG 320-18
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Edgewise Panel Loading

LC
TOCAWSE BINDING 1N THE MAIOR [LEFT) AND MNOE GMT) CLY STRENGTH DIRECTIONS
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Images source: PRG 320-18




Bending Members- Flexure (out of plane)

PRG 320- calculates capacity using extreme fiber capacity approach

From Strength of Materials/Engineering Mechanics, we know

F,= Mc S=1 M=F,S Mp = (FpSer)’

A :1-:0:#:0: e
SSSGS GSSAS S50

Homogeneous, isotropic material Non-homogeneous, anisotropic material



Bending Members- Flexure (out of plane)

Flexural Capacity Check:

2E1

M, s (F.S.) W™ Yo,

b ( b ‘) ol E|h
Mb = applied bending moment

' : . where:

(FuSen) = adjusted bending capacity
S o it et S El _ = Effcctive bending stiffness

- E, = Modulus of elasticity of outermost layer
Fo = reference bending design stress of outer lamination h = Entirc chickness of panel

Image & Reference: CLT Handbook



Bending Members- Flexure (out of plane)

S .
El =,Z_;E'.b'.l—:2.+,z_.:£'."".:: 124)

Table 3
Paralled axis thoorem calculations for Fl o

E(x 10" pai) z(in,) EBh'/12 (Ib.<in.") EAz ' (Ib.<in.”) Sum of Layer

|07 | 2 | es | mas | mes

1.2/30=0.04
1.7

Images source: CLT Handbook, Chapter 3, page 16




Bending Members- Flexure (out of plane)

& 500 Secnan 4 Y spmibels
5. o sobie represenh ore of mony porsbimen that S CLY could be monulaciured by varyng lamnston grades, Buckresien, creniatom, and loyer arrangements i= the layus.
€ Cowom CLT lapupn ot are ot bated in thay toble thall be pavretied i octordonte wih 7 2 1

Note Al The rounding rules i Table A2 are as follows
ES (-S40 and V, (0—Nearest 25 for values greater than 2,500, nearest 10 Jov values between 1,000 and 2,500, or rearest 5 ethernise
EI (Ihin./f0) and GA (IffO)==Nearest 10" for values greater than 10,

nearest 107 for values between 10° and 1, or mearest I0* otherwise

TABLE A2
ASD RIFERENCE DESIGN VALUES** FOR CLY (FOR USE IN THE \l $)
Lomination Thickness [in ) = CLT Loywp mwm Manor Stresgth Direction
[\ L . L1/ FEPP
'M ‘wu_ Mm v.. 'M n.“ M v‘.
CAT  Cavy, Wn inifed | (20N Ol fh ni el (l.‘ hh hiw
m‘ﬂi__:a_- RIS olwidty  width) | of widny dwq olwidh]  width) ol width]  of wiehh]
418 138 »l i 4525 ns 046 1430 160 EX 06) 495
El 678 138 ) m 138 138 138 10,400 440 092 1,970 1A%0 8 12 1,430
P58 1B 13® 138 138 13E 131W 138 18375 1,089 14 4% 3038 30 18 190
s 1w ) m 1 m ams L8 0353 1910 LN e Y 036 &0
2 678 138 T 8828 159 X 2425 1430 95 11 1910
TCIRET ' m 188 148 a8 13a 15,600 %3 14 3,325 3275 360 1.2 2,475
48 0 1‘!__ LELERELE 280 Ll 033 1110 1o s 044 R .
B2 678 13® lm LD 6,400 M 04% 1,530 955 4 087 1110
PS8 1B 138 138 1%E 1B a8 138 135 169 10 1,940 2,180 m 13 1,520
T 4@ _1am 138 138 4525 13 0% 1,7% 140 EX 062 08
(6 678 133 138 138 133 138 10400 40 0 1410 L0 08 12 L0
9S8 1A% 138 138 138 138 138 N 18,400 ) 089 15 3.050 2800 135 19 2400
41/ 13B 13W 138 2000 e 043 1910 145 14 04 860
Vi 678 138 I8 138 138 1am Ao a5 Ny 2425 1420 95 12 im0
oS3 138 1328 138 133 138 118 134 8500 1027 14 1325 3275 340 18 21475
418 138 M3 2.0% s 0.46 1430 160 1 052 s
Y2 678 1A% 1am 138 13w P ETe) 09 1970 1270 T8 T A0
9S8 138 138 118 128 138 138 134 a2’ 98 14 2490 NS W7 16 1560
418 138 138 133 1,740 95 0 4% 1,7%0 140 34 052 S05
Vi 678 13E 1)@ 138 138 138 4000 363 098 1420 1230 2] 10 3%
938 1% 1% 138 1N 148 138 W 7,100 "9 15 1,050 2500 2135 16 2400
For Sl v 1548 1R e 08B | B w8 480N

Images source: PRG 320-2018



Bending Members- Flexure Designh Example

Given:
16.5 ft span
38 psf DL+40 psf LL

38 psf dead load, 40 psf live load

Assume: I 16.5° I

one span along major axis of CLT

v

Analysis based on 1 ft width

Calculate:
ASD dead + live load applied moment

M, = wlL2/8 = (38+40 psf) (16.5 ft)2/8 = 2,655 Ib-ft/ft

Reference: CLT Handbook



Bending Members- Flexure Desigh Example

MANORSTRENGTHN DIRICTION MINOR STRINGTH DRICTION

LT MAJOR = WHEIGHT
GRADE  LAYIN - A = LI A M Yo o [ - . LA

w2 o - - -t - -

W' »'m (T g ST M A% e 2, 1% ' W e Tl e 0N

L ns

0 | 04
L MSV | N0 | 85 | 9% | 16 | ®NS | 200 | S531 366 150 | 41 | 19%
NSV | 10 1289 we | 2 12896 025 942 | W6 | 2w | s 2470

Choose 5-ply 6 7/8” (175mm) thick V2 panel,
FbSeﬁc’O - 4,701 Ib'ft/ft

Reference: Structurlam Design Guide



Bending Members- Flexure Designh Example

Mb < (FbSeff)’ — Adjusted Bending Strength 38 psf DL+40 psf LL
I e ]
M, < ICD Cm G CLI(FbSeff) ) :
Per NDS

M, = 2,655 Ib-ft/ft < (1.0) (1.0) (1.0) (1.0) 4,701 Ib-ft/ft
M, = 2,655 Ib-ft/ft < 4,701 Ib-ft/ft

Flexure Strength is OK!

Reference: NDS / CLT Handbook



Flatwise Shear Strength

Design Properties based on Extreme Fiber Model:

Shear Capacity Check: , 1 ﬁ I
V.
V, s F(Ib/Q),, ] :E

V, = applied shear

F.(Ib/Q.)’ = adjustiad shear strength

From Strength of Ma\\erials
v.=VQ V=vt

I Q

Reference: CLT Handbook, Images source: Scott Breneman, PE



Flatwise Shear Strength

(lb/Q)M =— -

38 psf DL+40 psf LL
El

2 Ehz, I 16.5

Non-homogeneous, anisotropic material

v

where:

El = Effecuve bending stiffness

E.
h
!0

« Moduda of clasticity of an individual layer
= Thicknow of an individual layer, excopt the middle layer, which i half is chicknes

= Distance from the cencroad of the layer to the newtral axis, excepe for the middie kayer,
where it is to the controid of the top half of that layer.

Reference: NDS / CLT Handbook



Flatwise Shear Strength

V s < FIB10),, o
where:
\Y e = induced shear due o loads

F'(Ib/Q)_, = shear strength of the panel provided by the manufacture or calculated per the simplified method
multiplicd by the applicable adjustment factors.

Vplanar < CdeCt (Fs(IbQ)eff)

Reference: NDS / CLT Handbook



Flatwise Shear Strength

MAIORSTRENGTH DIRICTION MINOR STRINGTH DORICTION
CLT MAIOR | WEIGHT ' ' ' ’ '
GRADE  LAYIN (P | == o, : <8 AN Vo GA__ '™ . 38 psf DL+40 psf LL
r o ! J 4 e o’ ")
gy s 1883 b os 4 N 3 04 | o = 20
e 1%V 119 5 200 10 3y e 37 1 0.0 457 150
WiV 163 917 w0 14 917 | 2290 | ¢ n on 1004 1080
— e —— e — —— — ~v—-—-—T~—--~—-~ )
LV 08 | w2 | 9% L9 | sy | s | a3 | 209 120 | 188 | 130 16.5 _
THRET 208 w0 0s 2042 m 17 053 238 4 .
- - - | .- , - - _—- - -
| mv] 10 | om "o 11 | 4o | 190 130 | 2042 | 1440
vaml 1 ———— v St -
SV @ N0 £315 90 | 15 8315 5533
= e R R = 644 Ib
LSV 70 | 1% | s | 1209 | M35 | 92 %6 2% | s | M0

Choose 5-ply 6 7/8” (175mm) thick V2 panel

V

allow

=1,9801b>6441b OK!

Reference: Structurlam Design Guide



Flatwise Flexural Stiffness (Deflection)

* Bending Stiffness 38 psf DL+40 psf LL

e Shear Stiffness
[ 16.5’

R=6441b

G = Shear Modulus

Figwre |
Relling shear deformanion of a S-daver CLT panel Reference: CLT Handbook



Flatwise Flexural Stiffness (Deflection)

Using Shear Analogy Method

(5 wL') (1 wlk )

A : e
™ 1384 EI_||8 GA
. )\

¢l / y

Because Shear defiections can be a significant in CLTs, adjust the
effective bend’ g stiffness to an apparent bending stiffness.

ET

_ clf
E]w X K‘,EI,,,- K, = constant based on loading and end
I+ GA L conditions per Table 2, Chapter 3 CLT
eff

Handbook (simple, pinned K, = 11.5)

Images source: CLT Handbook



Deflection Under Long-Term Loading

Design Example 38 psf DL+40 psf LL
5 wL’
A = : I |
384 ET ., . 16.5

Ap, = from 38 psf =0.19 in
A =from 40 psf= 0.20 in

A...=(.19)+(.20)=0.39in (L/507)

reference: CLT Handbook Chapter 3



Deflection Under Long-Term Loading
Ar =Ko By + Dy

K., = Time Dependent Creep Factor, 2.0 for dry service CLT

A+ = Immediate Deflection Due to Long Term Component of load

A< = Deflection due to Short Term or Normal Component of load

Ar=2.0 (Ag)+ (As)

Images source: CLT Handbook Chapter 6



Deflection Under Long-Term Loading

Design Example 38 psf DL+40 psf LL
4 \
5 wlL
Ao =380 | 165
app <

A =from 38 psf =0.19in
A= from 40 psf =0.20 in

Ay=2.0(0.19) +(0.20)=0.58 in (L/341)

Images source: CLT Handbook Chapter 6



Floor Vibration

Occupant perception of vibration is significant design consideration,
Human sensitivity to vibration @ frequency between 4 — 8Hz

Natural Frequency not best measure of vibration performance; accelerations felt is better
measure but difficult to calculate accurately given the variability of inputs esp, damping

Vibration response to footfall is dependent on natural frequency and damping
Mass Timber Floors — 2.5% to 3.5% modal damping
lgnore composite action of concrete topping unless floor designed and detailed as such

Simplified Analysis per CLT Handbook, AISC Design Guide 11, CSA 086 Annex A, ISO 10137



Floor Vibration

Human sensitivity to Vibration - frequency between 4 — 8Hz

One approach: US CLT Handbook, Chapter 7 (FP1 Methad)
Calculated natural froguency of simple span of bare CLT:

f = AL
A7 pA

Whaore.
El . = apparent stifness for 1 foot sirip, pinned supporied. undormiy loaded. simple span (K, = 11.5) (ib-in)
p = specific gravity of the CLT
4 = the Cross Sechon area (thickness x 12 inches) (in)

Images source: Scott Breneman, PE, reference CLT Handbook Chapter 7



Floor Vibration — Span Limitations

Human sensitivity to Vibration - frequency between 4 — 8Hz

FPI Method Floor Span Limitations

38 psf DL+40 psf LL

Frequency f> 9.0 Hz I 165 ::::: I
] (E[app )().293 |
SpanlL < ;] r— Using Spreadsheet and Iterate
12.05 (p4) 1. Estimatel
2. Calculate El,,
E] 3. Calculate L limit
clf .
El app K EI, 4. Repeat until convergence

¢
1+ .
GAt‘ G reference: CLT Handbook Chapter 7



Floor Vibration Controlled Span - Example

- Grade = El

- Thickness =6 /s in. (0.175 m) E] - EI eff ] (Elap ){_P,293
- Specific gravity = 0.56 (560.66 kg/m’) app ~ K E 1 , 1 < Po —

- EI .= 440 x 10*Ib.-in.*/ft. (4.140 x 10* N-m*/m) | + | 205 (pA) Aas

- GA_=092x10°Ib./f. (1.343 x 10" N/m) (A L-

eff

- | = vibration controlled span (ft.)

falle S
Excel calculation for the example

Thickness Trial Span Elon GA .y | ) Specific New Span
tquahon (5) Gravity Equation [4)
(xlo b, - (x10%Mb.-
{in.) n. /) (x10%Ib. /1) in /M) (1)

vis | wo | os | ws | ese | i
mim | e | e | wr | e | we

reference: CLT Handbook Chapter 7




FPI Vibration Span Limits for Std Grades / Layups

|Grade _ Layup Thickness |[FPI Span Limit
3ply 4108 122
V1 5ply 6 7/8" 170"
7ply 958" | 21" 3"
3ply 418" TREER
V2 Sply 6 7/8" 16' 8"
7ply 958" | 20°10°
3ply 41/8 120°
V3 Sply 6 7/8" 16'9°
7ply 958" | 210

* These are approximate only!

* \Verify based on manufactures
properties

* Verify based on project specifics

* Check strength and deflection

reference: Woodworks



Floor Vibration

a4+ CLT Floor with a Heavy Topping [>20 Ib./ft.* (100 kg/m?)]

It &s known thatr without a suspended caling, a heavy topping is normally necessary for CLT Boor to achieve

the satistacrory airborne and impact sound insulation. The heavy topping adds significant mass to the Hoor

systom, and reduces the fundamontal nacural frogoency to below 9 Haz. Based on the experience of the authors,
even though the sopping increases the floor stitfness, the low frst navural freguency makes the loor suscepeible
1o annoying vwhratsons (Ha, 2007}, For hightweighe wood-joisted floor systems, the design method requires 1o
reduce the spans of the joisted floors after a heavy cementitious topping is added (Hu, 2007), A similar approach
should be applicd o CLT Hoors with a heavy topping, As an intcrimn measurc, it is recommended that the span be
calculased using equation [4] for vibration controlled design of such heavy topping CLT Rooe systom, assuming
The Barc CLT Hoor mass and stiltness be roduced By TU%, THis Interim recommondacion will be further rehned
throush Taborarory studv.

Recommendation seems conservative

Mass Timber Floor Vibration Guide coming 2020 — more specific design info

reference: CLT Handbook Chapter 7



Two-Way Action

Flexure
 Manufactures provide flexure and shear capacity in both major axis

 NDS 2018 Chapter 10 (CLT) - Adjustment factors to check capacity against the design code
using ASD / LRFD design checks

 NDS 2018 C3.9.2-2 could check the combined loading condition - very conservative
approach

* Laminations in orthogonal directions share load based upon their relative stiffness

* Treat the major / minor direction flexural and shear checks independently. This is the
common state of practice in European design



Two-Way Action

Bearing Capacity at Supports

NDS 2018 Chapter 10 includes design provisions for the bearing capacity of CLT panels to
loads on the surface

Local Punching Shear at Supports
This limit state is critical for point supported CLT panels.

- '3 ‘ L e |
‘ I | —— e g
[ - - | 1l = T 7 T
| amy | L | 1 — e |
. - . ,
L

Figure §: Plan View of CLT Pawnel — Shear Approximalion Figwre 6: V] or V3 Shear Arva Image: Gafner, Jackson WCTE 2016



Bearing Walls

P parallel S Fc""wm

P = Load applicd parallel to the direction of the fibers

F = Adjusted compression strength
= Arca of layers with fibers running parallel to the direction of the load

pone el

’ - ¥ —
F c Aparallel =F C Aparallel =F cCpAparaIIeI

Image: PRG 320-2018



Bearing Walls

0 AN MUliie] Dy o agpicalie adyast
meet 19030 eucegn Co (s0e 2.3, oo

0822 €
(€, /9)
© = 05 %0 strem lumider
€ = DAS for round timbet poles o ples

€ = 0.9 Mo structussl Pued laminaled trmber,
SO COMOOMLe Aavider, 800 (F0as

mnated timber
Image: PRG 320-2018 Source: NDS 2018
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Bearing Walls

14(p, 7P) u(};,/;;')]’ PP
C, »—ta—sl s AR

2 ¢

where:

P = Composite compression design capacicy (F "A) where F * i multiplicd by all applicable

’ —
P‘ = ‘_Eig {see Section 2.2.3). Elapp-min =0.5184 Elapp

P parallel < P cCpApafalleI

Source: PRG 320-2018



Connections Panel to Panel at floors, walls and roof

Proposed Design

4" CONCRETE TOPPING SLAB AT LEVEL 2. . INTUMESCENT TAPE AT PANEL JOINT
11/2° GYPCRETE TOPPING AT LEVELS 3
THROUGH 5. - 1 3/4' PLYWOOD SPLINE
Nz g ANZ/
: / ot — CLT PANEL

\— MY TICON SWG ASSY 3.0 ECOFAST
SCREW 5/16'@ x5 1/2" @ T"o.c., TYP.

A - CLT PANEL TO PANEL JOINT

Image: Code Unlimited-Block 76W CLT Connections Engineering Judgement Report



Connections Wall to Wall

End Screw Toe Screw

Image: CLT Handbook Chapter 5



Connections Wall to Wall

QATwWek —

QAT Wil — &

Wood profile
(hardwood, LVL or plywood) ™™

QAT wWal

Seif-tapping _
sCrews

Wood Key Steel Bracket

Image: CLT Handbook Chapter 5



Connections Wall to Wall

SCrews FEXTH
Meta
/ et — |

-
Sell-tappi
“'mnq Screws o } }

~

Saif-tapping
screws ‘—" l
at e —

N ———

QY Wall —

QT Wall s

End Screw, Toe Screw Steel Bracket
Image: CLT Handbook Chapter 5



Connections  Panel to Panel at floors, walls and roof

CLT Wall —

Concrete footing

DOUbIe Steel BraCkEt reference: CLT Handbook Chapter 5 Steel BraCket



Connections

Glulam beam to panel joint

Panel to GLB

4" CONCRETE TOPPING SLAB AT LEVEL 2.
1 1/2" GYPCRETE TOPPING AT LEVELS 3 _
THROUGH 5. 1/2

/-l e

CLT PANEL, REF. PLAN
FOR ORIENTATION

-

Y |

/

2/

2%

7

7777777

%\l
X

SN NN

B - GLULAM BEAM TO PANEL JOINT

SCREW 5/16"@ x 11" LONG @ 7'0.c.. TYP.

NOTE : NO FIRE RESISTIVE JOINT
SEALANT AT THIS CONDITION.

Image: Code Unlimited Block 76W CLT Connections Engineering Judgement Report

CLT PAMEL
SCREWS RE: CLT SUPPLER 0
12° OC wAx
GLAAN BEANM B PLAN
NOTCN 1O RECHVE CLY PANIL

CLT TO INTERIOR BEAM CONNECTION

Images source: Greg Kingsley, PhD, PE, KL&A Engineers and Builders



Mass Timber Products - NLT

o — U.S. DESIGN & =
anaaRaanaaaRoaaaannani o = i < ST‘RUCT%ON—
i ——— JID AR

dew
-

. A -
L LT L L
A B

e

/2 SHRINKAGE / SWELLING GAP
/TYP. GRIDS B, C, F AND G ONLY

download —rethinkwood.com
Images source: Structurecraft



NLT Design

| Treat NLT as built-up beam per NDS provisions
(1)
l Beam Stability Factor (C,) =1
’ " ¥3] j Size factor (C) based on individual lam thickness (by,,)
! ‘\_'I'L
Figure 4.8 NLT Crass § Repetitive Member (C,) =1.15
-y . . .
1. NLY dpet (4 Layup Factor (K,,yp) adjusts bending and stiffness

P PSRRI - ,'J.J
|} .\fJ)ndu‘ﬁlh

Images source: NLT Guide V1.0



NLT Design

Owr Row

Images source: NLT Guide V1.0

NAILING PATTERN

i NLT DEFPTH )

NLT TYPE ?‘~C,,§.‘N,,l-. 3in long, 0.148 In 3 in. long,

diameler nasls 0.128 in. diameter
{staggered) nails (staggered)

Cortarwous l.asmsﬂ ‘Onerow @7 n oc 10mm05m oc |

Lamnatons ‘U:nw&n Y-om.l_ln oL _le-sOlQn oc.

Bus-Jorted Less e 6 in coremuOIn 0L fAOr-mQS-n_gc'_‘

Lemnalors® Nore a6 n | Y-oom.lOn oc. |Tworows @ 10in.oc |

Note: Nalb arr vweaid idant pabonicad dol aml
Prvnde toe adbtsvnal aml sn sk wie of very bl pusi



NLT Design — Butt Joints — (K,

TABLE 4.1 NLT LAYUP TYPES AND FACTORS

ADJUSTMENT FACTOR

NOTES

Mazirnum srength for 8 gven dagth
Typscal maimum length for mnatons.
Kesa = 10 Rar =10 of 16 10 20 Seet. Longer taminations can
we Z et b Galricatnd with sieuctuenl foger oty
M=-3 A= SIS | lcerfiod extericr jonts or centlied end
jonts)
| - — — 4 | — ——
‘ I
| Magmum strength and stitness b 2
X Pven dep. Typical maxmum length
LAt Coreruous | Kaas = 10 &‘"“1‘0 for laminations of 16 10 20 feet. Longer
and mutspan we? = laminations can be Gabncated with
| =S STTEEWNZ | stouctursl fnger jonts (oarified exterce
onts or certified end jonts)
‘ 7 ol marny -  poniy
‘ ppeennd ax 2 mpperty | alge appewn. (26 40)
Lamumationns weth controlied =067 - 085 Mamrrum stiffness for & Bult-joested
ndom tutl jonts over 4 or Foves Kot system. Rules for jont locations ase gven
pOcares o MeOlont | 2w OO | inIBC 2004925 s 204933, anc
£10N2) Bustaated n the adcent fgare
| |
| |
| - o Based on Evropean resesarch, nubes for
' &..Am o "'T ot locatons per 1BC should Bo amended
s foliows
*  Where buft jonks ocour n e same
Lamrations with conrolied for single spen perecal kne (26 i), Pey mest Do
| rmn’:‘n‘mwhﬂ wt* separated by a minimum of tvee
i wpporty A é-ﬂ‘a;lt‘ mm
l &_,-OM—‘;—- e Each mnation must eend over 3
for double span: mnmam of one support.
5 wi' *  See Section 4.3 | for mnimum
" IBSE V12) naling requirements . H
l o . Images source: NLT Guide V1.0




NLT Design - Variable Depth Members (K., ion)
. * Nails do not provide necessary stiffness for full
x g composite
\i _i * Alllams do not reach maximum bending capacity
ﬁ—x@ : G) * Deeper lams reach full capacity first
T &) A e Shallow lams reach only a portion of their
Ab capacity
® x=— — * Based on relative stiffness

TABLE 4.2 STAGGERED NLT ADJUSTMENT FACTORS

)  BENDING (K SHEAR (K ...

secuen b

STIFFNESS (K

sectiont

Images source: NLT Guide V1.0



NLT Design - Variable Depth Members (K

section)

TABLE 4.3 BENDING DESIGN EQUATIONS

NLT STRESS NLT CAPACITY

Deflection

Bl=E, |=EK, K =

ayup £ "sectionk 12

Images source: NLT Guide V1.0



Glu-Lams

 Fabricated from conventional sawn lumber

e Laminations glued together to create a built-up beam

* Typically Southern Pine or Douglas Fir— high architectural quality

T\ 4
; )
e

it ;

/

reference: CLT Handbook Chapter 7



Glu-lams

» Specified by size, grade and finish (architectural versus industrial)

* Beam design
* Unbalanced layup — 24F-V3 or 24F-1.8E
* Higher grade laminations at bottom, weaker grade
laminations at middle and top
e Conventional layup - works for simple spans

* Balanced layups — 24F-E4 or 24F-1.8E balanced
 Same grade laminations at top and bottom
* Cantilevers and continuous beams

reference: CLT Handbook Chapter 7



Glu-lams

Engineered Layups

Unbalanced Balanced
Simple Spans Continuous Spans or Cantilevered

TL=Tension
Lamination

reference: APA Glulam Design Guide



Balanced vs. Unbalanced Layup

Image: Thornton Tomasetti



POWER BEAM'

000F, - 2.1E - 300F

Glulam — Manufacturer options

“ " PONER I
- “Off the shelf 000N LA

- Stock beams: Power Beams by Anthony Forest Product,

X-beam by Rosboro, etc..

- Size up to 7”x28 7/8” (Anthony Powers); 8 %"”x30” (Rosboro)
- Available as architectural grade and treated for exterior
- Connection made in the field

- Specialized manufacturer

- High quality, custom product: Unalam, CLT list of Manuf
- Shop fabricated, connection design, CNC

- Curved!

- Can be treated for exterior

- Cost is a function of width - 2 beams cheaper?




Glulam Beams — Design (NDS Chapter 5)

Values included for width (Table 5.1.3), Section Properties

(Supplement Table 1C and 1D) and Reference Design Values
(Supplement Table 5a)

-  Check with local manufacturer

Table 5A Expanded - Reference Design Values for Structural Glued Laminated Softwood Timber Combinations*

(Cont.) (Members stressed primarily in bending) (Tabulated design values are for normal load duration and dry service conditions. See NDS

5.3 for a comprehensive description of design value adjustment factors.)

Use with Table 5A Adjustment Factors

Bending About X-X Axis Bending About Y-Y Axis Axially Loaded Fasteners
(Loaded Perpendicular %o Wide Faces (Loaded Paralel o Wide Faces
of Laminatons) of Laminasons)
Compression Shear Parabel [ Comge e Mo Tersion | Compesssion | Spechic Grawty Table 5.1.3 Net Finished Widths of
Berdrg Perpe~doser 10 Gean of Pegendcular w0 Gean ol Paralei 0] Pacalel 1 o Structural Glued Laminated
Grain l’m Bendirng 9 Grain lm Gean Geain ¥ astener
Teonaon | Compronsiony Fuw Fo for Fu mm
pn i | At Face Face [ Owtecton | Samany Topor Nominal
e - - Cacunnons | Catossson Casodasons | Cacummorn Botom | Sede Face oma
— ' Face Width of 4 6 & || 11500) | 1R[] 40 I i
N k - 6
Comtinaten| speces | Fur' | Foo . Pa® E |G| Fv | Py | Fy™ | & [Bua] R F. p (in) ‘
5 Outer! Corn | (280) ) (pw) (psd) 110" pui) | (v0* cuts | (psid 250 (psi) ' cai) | (10 puiy | 080 o%) . Western Species
1BE a0 | tew o w5 | 18 | ews | tawe 76 | oss | vies | teos “om N s 38 SI% 6% % 10% 12% 14
] o ﬁ 25 2 o) o8 e ) 3 5 % 16 0 100 o °% ] 0% Fiaishod -
TR peoe | oeo | owe 1 e 0 255 aa ) ooc | ssep 550 20 se | oss 1 o e 1 osp ) oep | Vidh(in) Soutbermiine ==
| 4F 4 DF.OF 2520 1450 ) [ 5 14 095 | 1400 560 % vy 090 1100 1700 0% | 0% 2.% 3 3 6% 8% 104 12 14
B RS e 1 o5 23 k] LE 2 ™o "o 2 Ty 0 A o "W ] 03 |
4F 18 DFOF 2800 2600 [ £40 205 14 095 1550 L0 9% 17 0.90 0 1700 050 0%
Ve Bl 2900 00 Tao ) iE] D95 100 ] ) Th (X2 E) 7650 EL) (L
- P | S0 0 L 0 LE) LE 13 T | o0 b TS 0 o o om | . i
3 sPise 2600 1450 805 650 300 14 095 | 1580 650 20 17 0w | 1% 1600 oss | o085 Images: American Wood Council
4FE£4 Spese 2850 2600 805 805 00 19 1.00 1850 850 200 18 095 1250 1% 0.55 055




Glulam Beams — Design

Design as standard wood member using NDS Table 5.3.1 adjustment factors

Table 5.3.1 Applicability of Adjustment Factors for Structural Glued
Laminated Timber
ASD ASD and LRFD LRFD
only only
s

- - - [ S -
8l 5| 8| &1 - 213 3| s gl 2l &
g [ o = 2 2 E] E S = < S g 2
sl 2 g| 2| 2|3 E|=|2|5| 2| 2] %
- 5 § = = - S 7 - E 3 S =
3 = - g.. 5 % s 2 [ =

Ke | ¢
Fo=F, x [Cp Cvy C C. Cv Cu C. C - - - 254085 A
FF=F, x &8 Cu C - - - - - - - - [SHOISOE
F.=F, x &8 Cu C - < i - = Cu = - 288075 A
F.=F. x @8 Cy C - - - - - - - - [SECES
F.=F. x B Cy G 4 & i = g - Cp - 240090 a
Fo=Fu.x E®Cy C - - - - - - - C, (iSHUSHES
F..Z E X - CM Cl - - = - - - - - - - -
Emm' = Emin X = CM Cl - - - - - - - - 1.76 0.85 -

1. The beam stability factor, Cy, shall not apply simultancously with the volume factor, Cy, for structural glued laminated timber bend-

ing members (see 5.3.6). Therefore, the lesser of these adjustment factors shall apply.

Image: American Wood Council



Glulam Columns - Design

APA design guide for “first pass” tables

TABLE 5

ALLOWABLE AXIAL LOADS (POUNDS) FOR COMBINATION NO. 2 DOUGLAS-FIR GLULAM COLUMNS

Side loads are not permitied. End loads are limited 1o @ maximum eccentricity of either 1/6 column width or
depth, whichever is worse, S -
Lominction Net Width = 3-1/2 in.

!cm Net Depth = 4-1/2 in. (3 loms) Net Depth = 6 in. (4 lams) Net Depth = 7-1/2 in. (5 loms)

peia Lood Duration Foctor Lood Durotion Foctor Lood Duration Foclor
(#) 100 115 125 100 115 1.25 100 115 125
8 7,283 7611 7,799 10,108 10,523 10,762 12,635 13,054 13,453
9 6,184 6424 6,561 8531 883 9,010 10,664 11,044 11,263
10 5298 5479 5,582 7278 7507 7,639 9097 9384 9,548
TN 4580 4,720 4,800 6271 6448 6,55 7839 8060 8,187
2 3994 4,104 4,167 5454 5594 5673 6817 6992 7092
13 3510 3598 3,649 4781 4895 4959 5979 6119 6,199
14 3107 3179 3220 4226 4318 4370 5283 5397 5462
Nobes

1 The wbrdoted oilowolye ods opply only %0 one prece ghiom mermben mode wit ol L2 larminetons [Comberaton 7] without speca’ Nrson ovwraton
7. Applosble serviie condtons » gy
3 The robiored allowable lbods ore bosed on auslly 'oaded columng pubiecied 15 @ manmum eccentriory of eher 1/8 column midth o 176 column
depth, whichever i worse. For ude loads, other ecosntric end loads, or other combined anal and Rewwrol loads, we NDS
4. The columa & osumed 1o be unbroced, sscept of the column ends, and the efective column length it sgqual 1o the octual column length,
S5 Design properties for normal lood durction ond dry-use service condfiom
Comprension parallel 1o grain (F | = 1,950 pu for 4 or more loma, o 1,800 pui for 2 or 3 loma
Nodulu of efaaticity [E) = 1.6 x 10* pa
Flesrol atveas when looded poraliel o wide foces of lominaton [F_) = 1,800 pe for 4 or mare lama, or 1,600 pui for 3 lama
Fleourd! streas when looded perpendiculor to wide foces of lomination [F_) = 1,700 pu for 2 loms o 15 in. deep without specal feraon lominchora.
Volume facter for F_is in occordance with NDS. Sire foctor for B an (12/d1°%, where @ s equal 1o the lamination widhh in inches

& These volver are lor prebmmory desgn ute only. Final desgn thould ndude o cormplete ondlyss, nduding boening cogouty of the loundeton
wopporing the column

Design of Structural
Glued Laminated
Timber Columns

APA

reference: APA Glulam Design Guide




Glu-Lam Connections per AITC / APA

FIGURE 12A
BEAM TO COLUMN - U-BRACKET - WOOD ORPIPE COLUMN

Correct Incorrect

Result of Incorrect Detail

2 gl 2

If beamn shrinks, bearing lood moy be
transforred to bolls. This can couse
splitting of beam. This detail olse
restrains beam rotation due to deflec-
tion under looding, which con also
couse spliting.

nocust 138
AV TO COLUMN - B RRACKIT - WOOD QR PIFE COLUNN

Cotredl Incper et

Resaht ol Iacerrect Sanadt

Rotaton of the boams urder looding
con coune wpiting of the Senacn te
plote wrien vored .

reference: APA Glulam Design Guide

70 ReCEnE ALy - 6w waw co
7 ABOVE (SEE PLAN)
(2374 KORALTH PLASTIC SHIMS
THRU BOLTS (TYP) EA SIDE AS REQD (MATCH
SHIMS TO COL EXTENTS)
% GLU LAM BEAM
g T /(SEPLAN)
~ s M
= ¥ oz
kS ——-: 3 p 2
e Sy
I—na —&r— /|
l__‘ll"_
'w‘-_!:._i H—
x| =iy
(2)-3/4" THRU .
BOLTS (TYP) 8
= GLU LAM COL BELOW
(SEE PLAN)




Glu-Lam Connection Details

Photos: Chris Williams



Glu-lam Connection Details

FIGURE 3A

BIAMTO-BEAM CONNICTION

Carrect

Result of Incorrect Detad

fotetitof

0006

A\l

\
\C‘o ongles Sphes

Oip angles with long rows of fosteners
©on couse splts 10 form in the
suspended beom, o shown obove, due
16 lerion perpendculorlo-gron
wrosses induced of the bolts due %o
beom thenkoge. Use 0 honger with
bearning seol s shown

Photo Chris Williams

DE 2x BLKG EA SIOE
L TO INSTALL TRUSS
R. FASTEN W/12d

e ®

05" 0.C.
ol =g B
\ I o
H ‘ Ik 1 172"
WA E |
w/(2)-13/16" . } i} PL 3/8x4x0'~8 1/2"
HOLES (TYP)————— | 22 W/(fgfs/w’o Hémz
| SLOTED HOLES FOR
'jj &+ .1 X (2)-3/4" A307 THRU
4= N % BOLTS (TYP)
i .
|1 1/2° H S, RS
jj‘_ | CHAMFER CORNERS OF POST
S e | N FOR RADIUS (1/2° MAX)
| -—-ANy | SN 3/8%s" BEnT
. 7 \1\ - SADOLE PL
N O
- 3/16 N
3/8" CONN PL
ke GLU LAM COL
1/2%5" BRG PL ” WO+ 178"
W coL
AN) it

reference: APA Glulam Design Guide



Glu-lam Connection Details Beam - Beam

5,800-29,400 Ib capacity

reference: MiTiCon



Glu-lam Connection Details Beam - Column

Photo: structurlam



Glu-lam Connection Details

PGURE V7
WOOD COLUMN TO CONCRETE 5ASE
Correet

.
.

GLU LAM GRAVITY COL
3/4" BRG PL (MATCH
COL DIMENSIONS —1/2%) —%

(2)-3/4"8 A307 THRU-BOLTS — \

Incorrect

1% (3/4" NON-SHRINK

GROUT + 1/4" -
i e I |
' ~N

COL BASEPLATE W/(4)

ANCHOR RODS. (SEE COL
LAYOUT PLAN DWG 51.6
AND DETAILS THIS DWG))—"

VAR

Foru of Incorrect Detorl

Uniecrod wood in contoct with concrete
£ VBN C 0 docoy

3/8" PLATE (KERF
/" %l 1o meckn

PLATE)

/ / ;§: [r.::'

KOROLATH PLASTIC SHIMS
ES SIDE AS REQD. (MATCH
COL EXTENTS)

T
7 I/BRG PL +1"
/" ABOVE T/5LAB qr

T/CONC SLAB ON
GRADE (SEE PLAN,

T/CONC PIER OR ¢

g
/,}: |

FTG (SEE PLAN)

||\ HSS5x5 BASE ggf
BASE PLATES DETALS
THIS DWG)

Detail: Thornton Tomasetti

image: APA Glulam Design Guide

Photos: Chris Williams



Glu-lam Connection Details

Column-column connections
concealed steel connection

image: Structurecraft



Glu-lam Connection Details

Column-column connections
concealed steel connection

Brock Commons, Vancouver, BC

images: Structurecraft



What’s Possible?

image: Sidewalk Labs



QUESTIONS?

This concludes The American Institute
of Architects Continuing Education
Systems Course

Paul B. Becker, PE
Thornton Tomasetti

pbecker@thorntontomasetti.com





