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2 Design Overview

The design of a mass timber building has many factors including, design requirements provided in the CSA standards
and National Building Code for strength and serviceability requirements, Constructability requirements, and long-
term service condition impacts, such as shrinkage. The intent of this design example is to provide an overview of
key elements of a mass timber building for both the gravity system and the lateral system. A prototypical 2 storey
mass timber office building is proposed with CLT floors supported on glulam purlins supported on glulam girders and
columns. The lateral system is composed of CLT shearwalls. The concept building is designed to be located in
Ottawa, Ontario.

2.1 Codes and Reference Documents

The loads for design of the building are taken from the National Building Code of Canada (NBCC 2015). The strength
and serviceability design has been completed based on the following standards and reference documents

- Wood Design Standard CAN/CSA 086-19

- ANSI/APA PRG 320-19

- FPInnovations CLT Handbook

2.2 Design Considerations

2.2.1  BUILDING LAYOUT

The prototypical building layout represents a 3-storey office building with a central core and primarily open faces of
the building to allow for glazing. The frame consists of CLT floors panels on glulam purlins, supported on glulam
beams and glulam columns. CLT shearwalls are used for both gravity and lateral support at the center and ends of
the building.
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A grid spacing of 7.6m x 9.1m has been chosen; this bay size was chosen to maximize open floor plans, while working
with common CLT panel widths (2.4m). The other direction has been chosen to optimize timber volumes; purlin
spacing (10ft/3.05m) has been chosen to allow for a thin, efficient 3 ply floor/roof to minimize wood volume. Panel
sizes vary by supplier and should be considered when choosing a grid layout. Optimizing the use of CLT is critical to
an efficient design. Alternate systems without purlins would require either significantly thicker CLT panels, or
narrower grid spacing which often results in higher overall wood volumes, but do provide a different, and sometimes
preferred, architectural expression.
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2.2.2

The prototype is classified as normal importance and based on a location in Ottawa (City Hall), Ontario from the

CODE REFERENCE VALUES

NBCC Appendix C.

2.2.2.1  Wind

Q1/50 = 04’1 kPa

2.2.2.2 Snow

Sy = 24 kPa

S, = 04 kPa

2.2.23 Seismic
Sa(0.2) Sa(0.5) Sa(1.0) Sa(2.0) Sa(5.0) Sa(10.0) PGA
0.439 0.237 0.118 0.056 0.015 0.0055 0.281

2.2.3 LOADING

The calculation for the loading is not expanded on in detail but should be completed per the NBCC for all gravity
loads including Dead, Snow, Wind, and Live Loads.

2.23.1 Dead

The superimposed dead loads are assembled from the structural and architectural build-up o both the floors and
the roofs. Partitions are included as per the requirements of the NBCC.
Roof Dead Loads

Floor Dead Loads

(note: consider additional loads for Roofing 0.50 kPa
finishes and other dead loads would be Mechanical and Electrical 0.25 kPa
required for CLT 0.50 kPa
38mm concrete topping 0.92 kPa Framing 0.25 kPa
Mechanical and Electrical 0.25 kPa Total 1.50 kPa
Carpet

Partitions 1.00 kPa

CLT 0.43 kPa

Framing 0.25 kPa

Total 2.92 kPa

2.23.2 Snow

The snow loads are calculated based on the NBCC 2015 section 4.1.6.
S = L[S,(C,C,,CsCp + S,] =1.0[2.4 kPa (0.8)(1.0)(1.0)(1.0) + 0.4KPa = 2.3 KPa

2.2.3.3 Live

Live loads are determined based on the office occupancy of the buildings as per NBCC section 4.1.5.
L = 24kPa
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2.2.3.4  Wind

The wind loads are calculated per the NBCC section 4.1.7.

p = 1,qC.CCyC,

The external pressure coefficients are determined based on 4.1.7.6. For the flat roof we can establish the positive
and negative wind loads on each face of the building. A detailed review of the wind design procedure is not included
in this guide

p = 1,qC,Cr(Cy1Cpy — C4aCps) = 1.0(0.41 kPa)(1.0)(1.0)(0.75 — (—0.55)) = 0.533 kPa

Pe = 1wqCeCe(Cy1rCpir — CyapCpag) = 1.0(0.41 kPa)(l.O)(l.O)(l.lS — (—0.8)) = 0.800 kPa

The ends zones are determined based on the height and a least horizontal dimension of the building.
z = min(0.1W,0.4H) = min[0.1(27.4m),0.4(11.8m)] = 2.74m
y = max(bm,2z) = 6m

The wind loads need to be assessed in both directions. For more details refer to the NBCC 2015.
P, = 0.533 kPa (11.8m)(54m — 6m) + 0.800 kPa(11.8m)(6m) = 359 KN
P, =0.533 kPa (11.8m)(27.4m — 2.74m) + 0.800 kPa(11.8m)(2.74m) = 181 KN

2.2.3.5  Earthquake

The lateral loads in the building are calculated using the NBCC section 4.1.8 Equivalent Static Load Procedure. Based
on an assumed site class C, a summary of the seismic loads follows:

Sa(0.2) Sa(0.5) Sa(1.0) Sa(2.0) Sa(5.0) Sa(10.0) PGA
Sa(T) 0.439 0.237 0.118 0.056 0.015 0.0055 0.281
F(T) 1.0 1.0 1.0 1.0 1.0 1.0 1.0
S(Ta) max(0.439,0.237) 0.237 0.118 0.056 0.015 0.0055 0.281
Shearwall System: T, = 0.05 R2/* = 0.05 (11.8m)3/* = 0.32s

S(T)I, = (0.369)(1.0)(1.0) = 0.36g

Lateral System: CLT Shearwalls (086-19 11) R; = 2.0;R, = 15
_ S(T,OM,Ig _0.36(1.0)(1.0)

S R4R, W= 0x15

-> Governs over wind

W =0.12W = 0.12 (12,798KN) = 1,536 KN

Table 2-1Vertical Distribution of Seismic Forces

Level Dead Snow Load Weight (W) Height W.H; W,H, F.=v W,H,
Load (Hi) XWH; * YXWH;
Roof 1.5 KPa 0.25(2.3KPa) 3,372 KN 11.8m 39,790 0.408 627 KN
L3 2.9 KPa 4,713 KN 8.0m 37,704 0.387 594 KN
L2 2.9 KPa 4,713 KN 4.25m 20,030 0.205 315 KN
Totals 12,798 KN 97,524 1536 KN

Accidental torsion would also need to be included in the earthquake loads. For simplicity this will be ignored in this
design example

2.2.4  MATERIAL PROPERTIES

The materials used in this design example are based on the standard materials provided in the wood standard CSA
086-19.
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2.2.4.1  Glulam:

Generic SPF grades have been used for the design guide based on the 086-19 design standard. Always check with
local suppliers for species and glulam grade availability and costs.

Table 2-2: Glulam grade excerpt from 086-19
Table 7.2 (Concluded)

Hem Fir and
Douglas
Spruce-Lodgepole Pine-Jack Pine Fir-Larch

20f-E  20f-EX 14t-E 12¢-E 24f-E  24-EX

Bending moment (pos.), fo 25.6 25.6 243 9.8 30.6 30.6
Bending moment (neg.), fo 19.2 25.6 24.3 9.8 23.0 30.6
Longitudinal shear, f, 1.75 1.75 1.75 1.75 1.75 1.75
Compression parallel, fe 25.2* 25.2* 25.2 25.2 - -
Compression parallel combined with 25.2* 25.2 25.2 25.2 - -
bending, feb
Compression perpendicular, fp 58 5.8 58 5.8 4.6 7.0
Compression face bearing
Tension face bearing 5.8 5.8 5.8 5.8 7.0 7.0
Tension net section, fi, (see 17.0* 17.0 179 17.0 20.4* 204
Clause 7.5.11)
Tension gross section, fiy 12.7* 12.7 13.4 12.7 15.3* 153
Tension perpendicular to grain, fip 0.51 0.51 0.51 0.51 0.83 0.83
Modulus of elasticity, £ 10300 10300 10700( 9700 13100 13100
2242 CLT:

For this guide we will use generic stress grades based on the standard stress grades published in 086-19. Always
confirm with local suppliers to determine the stress grades available for a given project.

Table 2-3: CLT grade types table excerpt from 0-86-19

Table 8.1
Primary CLT grades
(See Clause 8.2.3.)
Stress grade Species combinations and grades of laminations
El 1950 Fp-1.7E Spruce-Pine-Fir MSR lumber in all longitudinal layers and No. 3/Stud
Spruce-Pine-Fir lumber in all transverse layers

E2 1650 Fy-1.5E Douglas Fir-Larch MSR lumber in all longitudinal layers and
No. 3/Stud Douglas Fir-Larch lumber in all transverse layers

E3 1200 Fp-1.2E Northern Species MSR lumber in all longitudinal layers and
No. 3/Stud Northern Species lumber in all transverse layers

Vi No. 1/No. 2 Douglas Fir-Larch lumber in all longitudinal layers and No. 3/Stud
Douglas Fir-Larch lumber in all transverse layers

\' No. 1/No. 2 Spruce-Pine-Fir lumber in all longitudinal layers and No. 3/Stud
Spruce-Pine-Fir lumber in all transverse layers
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Table 2-4: CLT specified strengths for longitudinal and transverse layers

Table 8.2
Specified strengths and moduli of elasticity of laminations
in primary CLT grades, MPa
(See Clause 8.2.4.)

Longitudinal layers Transverse layers

Stress

grade fp E fe fe s fo So E fe fe fs fo
3 28.2 11700 15.4 19.3 0.50 5.3 7.0 9000 3.2 9.0 0.50 5.3
E2 239 10300 11.4 18.1 0.63 7.0 4.6 10000 21 7.3 0.63 7.0
£3 17.4 8300 6.7 15.1 0.43 3.5 4.5 6500 2.0 5.2 0.43 35
V1 10.0 11000 5.8 14.0 0.63 7.0 4.6 10000 21 7.3 0.63 7.0
V2 11.8 9500 55 11.5 0.50 5.3 7.0 9000 3.2 9.0 0.50 5.3

Note that generic CLT panel properties can be calculated using the equations provided in 086-19, the same
equations are provided in the appendix of the product standard PRG 320-19. It is also acceptable to use the overall
section properties provided in the design tables in PRG 320-19.

2.2.5 FIRE RATING

Fire-resistance ratings are determined based on the occupancy and building classification. It can range from cases
where no fire-resistance rating is required to specific fire-resistance ratings ranging from 45min to 2-hour, where
heavy timber minimum size requirements would be permitted in buildings required to have a fire-resistance rating
not more than 45min. For this example a 1-hour fire rating has been chosen for illustrative purposes, fire design is
done using Annex B, from the 086-19.

2.3  Member Size Summary

Floor Roof
CLT slab 105mm 3 ply E1 105mm 3ply V2
Glulam Purlins 365x380mm SPF 20f-E 315x380mm SPF 20f-E
Glulam Girders 265X876mm SPF 20f-E 215X836mm SPF 20f-E
Glulam Columns 365x342 SPF 16c¢c-E
CLT Walls 245mm 7ply E1

3 Gravity Design

3.1 CLT Floor Panel Design

Because the CLT panels in this design example are based on 2.4mx12.192m panels, and the purlins are spaced at
3.05m, the panels are multi-span-continuous, allowing for lower design moments, smaller deflections, and ease of
erection. For simplicity, a conservative, simple span panel design is provided here. Ultimate Limit States (ULS) load
combinations specified in the NBCC 2015 are considered. In the absence of alternate advice from a fire protection
engineer, the fire case loads considered are per 086-19 Annex B Clause B.1.4.

Load Combinations
Typical (1.25D+1.5L) Fire (1.0D+1.0L)
Wwr = 6.88 kN/m wy = 5.02 kN/m
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]l || ||]|E|| ||]|E|| LL = 2.4 KPa Mg = 7.99 kNm/m Mg fire = 5.83 kNm/m

Ve = 10.49 kN/m Vi sire = 7.65 kN/m

Note: dead load includes only the self-weight of the panel and the loads

DL =2.62 KPa

‘ 3048mm
(10-0")

The design calculations are provided for the floor panel. The panel properties and strength calculations are per 086-
19, chapter 8; other references for CLT panel properties include the FP Innovations CLT handbook and PRG 320-
2019. Additionally, CLT manufacturers with PRG 320 certification provide panel properties for their CLT panels; these
can be relied on for the design process,.

supported by the panel (framing weight is not included.

3.1.1 PANEL PROPERTIES

For the 3ply E1 rated panel we can establish the panel properties using the longitudinal and transverse lamination
properties shown in Table 2-4. From here we can calculate the stiffness, and strength properties for the panel using
086-19 section 8.4.3.2. This design example focuses on the primary direction as the panels are uniformly supported
in their secondary direction.

Table 3-1: 3 ply E1 Panel Stiffness Calculation in the Primary Direction

Lam Lam Eiy (Mpa) Ly Eiliy A neutral EiyAiyzio’
Thickness Material (mm*/m) (Nmm?/m) (mm?/m) axis, z (Nmm?/m)
(mm) (mm)

35 1950 MSR 11,700 3572917 41.80x10° 35000 35 501.64 x10°
35 No.3 SPF 9000 /30 = 300 3572917 1.07 x10° 35000 0 0

35 1950 MSR 11,700 3572917 41.80x10° 35000 35 501.64 x10°
Total 84.68x10° 1003.28x10°

El,;; = Z El + Z E,A;z? = 1087.95x10° Nmm?2/m

3.1.2 PANEL STRENGTH

The panel strength is then calculated as per 086-19 chapter 8; as noted in the panel property section, this example
is for the panel strength in the primary axis of the panel. Note that most strength calculations in 086-19 include a
load duration factor (Kp) described in 086-19 section 5.3.2. In this case, the load duration needs to be calculated
based on section 5.3.2.2 as the dead loads are greater than the live loads

Primary Axis Bending Strength — 086-19 CL 8.4.3

2.62 15322
K, = 1.0 — 05log (M) —1.0-05log (—) —> 0.98 cL>3

short 2.4
Ky =Ky = Ky =10 | CL83 Surr = =P 1 271 373 CL8.43.1
Kypo = 0.85 CL8.4.3.1 Eouter(h/2)
® =09 L8431 | My = ¢ fo(KpKuKepKr)SersKrp CL8.43.1a
f, = 282MPa Table82 | = 0.9(28.2)(1.0)(0.98)(1,771,373)0.85

— 37.4 KNm/m M, > M, OK
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Primary Axis Shear Strength — 086-19 CL 8.4.4
Ky =Ky = Kr =1. L 8. L8.4.4.2
n=Kp=Kr=10 |CL83 Ago = ZAi — 105,000 mm? CL8.4.4.2a

¢ =09 CL8.4.4.2a 244, CL8.4.4.2a
V= KpKy Ky, K
f. = 0.5MPa Table 8.2 r =@ fKoKnKsyKr) =3

2
= 0.9(0.5)(0.98)(1.0) 5 (105000) = 30.9 KN/m V. > V> OK

3.1.3 DEFLECTION

Shear deformation can make up a significant portion of the deflection in the CLT due to shear deformations and
specifically the deformations due to the rolling shear in the cross layers. The impacts of rolling shear in CLT are
addressed in Annex A of 086-19. Direct consideration of the shear effects on deflection is considered by including
a term accounting for shear deformation. Additionally, creep must be considered for CLT. Similar to concrete, creep
represents permanent long-term deformations resulting long term loads; creep is discussed more in 086-19 Annex
A, section A.8.5.3.

Deflection including shear deformation— 086-19 A8.5.2

4 2
== ob Lol elastic Def. + shear def CLA.8.5.2
384-Eleff SGAeff

G=E/16 cL8.2.4l
polb_ta L CL8.4.3.2
GAyy = 2772 _ 272
€ 4 n-1_Gti ty 1 (51 t, t3
sl pynlfiog_on D 3
2G,by T 2i=2 G,b, T 2G,b, By (rsren * Gz + 26
10532 -3
= = 8.06 x10° N/m
1 35, 3 35
1000 |, (11700) 9000/30 ", (11700)
16 16 16
5 ol 1 wl? CLA.8.5.2

- EEleff gGAeff -
5 wit 1 wil? 5 (262)(3048)* 1(2.62)(3048)%

Ap= oot = = — = =32
D~ 384EL,,  8GA,, 384 1087.95c10° ' 8 B8.06x10° i
4 2 4 2
AL = i wlL li _ i(2.4)(304—8) 1(2.4)(3048) — 29mm L/1051 < L/360
384El,;; 8GA., 3841087.95x10° 8 8.06x10° .
Deflection including Creep — 086-19 A8.5.3
Kereep = 2.0 CLA.8.5.2
Atotal = AST + KcreepALT CLA.8.5.2
= 29mm + 2(3.2mm) = 10.3mm L/295 < L/240
OK
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3.1.4  VIBRATION

Annex A in 086-19 provides guidance on CLT span limits for vibration. The section is based on physical testing of
bare simple span panels, as can be seen in the notes in Clause A.8.5.3. Provisions allow for a 20% increase in
maximum span length for multi-span floors.
equation may be used taking only the mass of the CLT provided the weight of the concrete is note greater than the
weight of the CLT. These criteria are not met for this CLT meaning this vibration analysis is not applicable for this

case. The calculations | completed for illustrative purposes here

Vibration — 086-19 CL A.8.5.3

Additionally it is noted that for floors with concrete topping the

mepr = 46.2kg/m (CLT only)
Meoncrete = 2400kg/m3® X 0.038m x 1m = 910.2kg/m(CLT only)

= 0.11

(Eleff/106))0.29 o

mb0-12

(1087.95x103)0-2°

Topoz = 391m

CLA.8.5.3

More detailed vibration analysis might be appropriate using FEM models and detailed analysis of accelerations. This

approach is beyond the scope of this example. Refer to the U.S. Mass Timber Floor Vibration Design Guide.

3.15 FIRE DESIGN

CSA 086-19 Annex B provides guidance on fire design of CLT per clause B.4.6 if the char depth stays within a single
lamination thickness (t,), then one-dimensional char rate is appropriate. If the char depth exceeds the depth of one

lamination then Notional Char rates should be used.

ZERO
ZERO
STFAEY’”'E%TH STRENGTH
LAYER
e e ]
=1 === =
ONE DIM NOTIONAL
CHAR DEPTH CHAR DEPTH

Char Calculation - 086-19 CL B.4.3 & CLB.4.4

t =60 min Xeo = Lot = 0.65(60) = 39mm > t, CLB.4.3
Bo =0.65 mm/min Table B.2 One-dimensional char not ok CLB.4.6
Bn =0.80 mm/min Table B.2 Xen = Pnt = 0.80 (60) = 48mm CLB.44
x¢=7mm (fort>20) | CIB.5 hfire = h—xcq — x, =105 —-48 — 7 = 55mm

Table 3-2: 3 ply Panel Layup after Char

Lam Lam Direction Charred Remaining
thickness Material Depth thickness
(mm) (mm)
35 1950 MSR 0 35
35 No.3 SPF 90 55-35=20 15
35 1950 MSR 0 35
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The cross-section properties based on the charred layup must be calculated per 086-19 chapter 8, for fire cases it is
not possible to use the provided section properties provided in PRG 320-19. In this case, the charred section has one
remaining lamination in each direction; the strength calculations can be simplified to the single remaining lam in
each direction. The strength calculations for the strong direction are as follows:

Bending Strength — CSA 086-19 Annex B

Ky=Ky,=Kr=10 |CLS83 s - Eilgf _35%(1000)/12 CL8.4.3.1
Kp = 1.15 CLB.33 ST 7 B (hor — NA) — (35/2)
Kr =125 CLB.3.9 = 204167mm?/m
KTb,O = 085 CL8.43.1 MT = (i) fb(KDKHKSbKTKfi)SeffKTb CL8.4.3.1a
(No cross lams acting) = 1.0(28.2)(1.15x1.0x1.25)(204167)0.85
¢ =1.0 CLB.3.2 =7.0KNm/m Mr.fire > Mf.fire
f», = 28.2MPa Table 8.2 - OK
Shear Strength — CSA 086-19 Annex B
Ky=Ky = Kr=1.0 CL8.3 Agp = 35,000 mm? CL8.4.4.2a
K, =115 CLB.3.3 244 CL8.4.4.2a
V.= KyKyK ., K. -
Ky = 1.25 CLB.3.9 P = ¢ folRoKukey k)= ;
b =10 CLB32 = 1.0(0.5)(1.15x1.0x1.25) 5 (35000) Vyrire > Vi fire
fs = 0.5MPa Table 8.2 =168 KN/m - 0K

3.2 Glulam Beam

Glulam beam design is completed as per Chapter 7 of 086-19. The CWC Wood Design Manual also provides design
examples for glulam beams. Additional tables providing design strengths for typical glulam beam sizes are provided
in the Wood Design Manual; the strengths provided are modified with design specific modifiers as outlined in the
manual. Refer to the Wood Design Manual for more information.

3.2.1  PURLIN STRENGTH AND PROPERTIES

The loads for the glulam purlins will be determined based on the loads described in section 1.2.3 and live load
reduction factors per section 4.1.5.8 of the NBCC 2015. The strength and stiffness of the glulam purlins are taken
from the Wood Design Manual.

Factored Loads
Atribpuriin. = 7.62m X 3.048m = 23.2m? > 20m?

Trib.Width = 3.048m

([LTTTTTITIITITTITILITD te-2akea o _{g, |98
(LT TTTTTTTLTL ok - 202
1

2.4 KPa = 2.28 KPa

purlin

Typical (1.25D+1.5L)
wr =216 KN/m

Fire (1.0D+1.0L)
wr = 15.8KN/m

7.62m - 0.265m Mp = 145.7KNm Mg fire = 104 KNm
———  7.3%m —— Ve = 89.3 KN Vi fire = 514 KN
Wy = 165.8 KN Wr fire = 114.6 KN
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Note that the shear force provided here represents the full reaction load at the ends of the beam. Clause 7.5.7.2.1
notes that the shear loads acting within a distance equal to the member depth away from the face of the support.
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Member Strength and Deflection — CSA 086-19 section 7.5 and CSA Wood Design Manual

K, = 1.0 — 0.5log (PL;ngterm) CL5.3.2.2
short
2.92
! =1.0 - 0.5log <ﬂ) =>0.957
® | K, =10 CL7.5.6.4
T 130\°* /610\%* /91001°* Cl17.5.6.5.1
Kzbg = (T) (T) (T)
130\ /610\%* /9100\%*
= (363) (Gao) (5gzn) =03
M, = M; min(Kyyg, K, )K Kp = 202 KNm (0.963) CL7.5.6.5 oK
365 = 195KNm M, > My
(7.355/2 — .380) CL7.5.7.21 | OK
Material Grade: 20f-E Viea =V 7.355/2 D
= 79.3KN(0.897)(1.0) = 146KN CL7.5.7.3a
V. = V'K, = 146KN(1.0) = 146KN V>V
W, 1018 S52KN CL7.5.7.3b oK
CSA Wood Design Manual | Wr = 515 Ko = ——575 (1.0) = 383KN W, > W;
Design Strength Values 5 (2.28x3m)(7355)" NBCC OK
V. =146 KN L= 384 17200 X 10° =152 mm L/483<L/360
M; = 202KNm 5 (2.92x3m)(7355)* CL5.4.3 oK
W, 1078 = 552 KN =352 17200 x 109 100 ™M L/377<L/360
El = 17200 x 10° Nmm? CL5.4.2 oK
Aror = Ap + Ap= 347 mm L/211<L/180

Note that the stability factor (KL) is set to 1.0 because it is continuously supported on it's compression face (top of
beam) by the CLT. CSA 086-19 CL 7.5.6.4.2 noted that this allows the unsupported length to be taken as 0, resulting
in a stability factor of 1.0.

3.2.2 FIRE DESIGN

CSA 086-19 Annex B provides guidance for calculating the remaining section properties after a fire. Two approaches
are provided for members with char on multiplate faces: the first is the more precise combination of one-
dimensional char and explicit inclusion of corner rounding, the alternate uses the notional char depth to implicitly
account for corner rounding.

ZERO
LAYER
LAYER
=i
cLT
cLT
NOTIONAL
LULAM RNER GLULAM
et Ga ONE-DIMENSIONAL
NOTIONAL ROUNDING
CHAR DEPTH CHAR DEPTH

This design example takes the simplified notional char approach. For a 1hr fire-resistance rating the, the char depth
can be calculated as follows:
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Char Calculation - 086-19 CL B.4.3 & CLB.4.4

t =60 min Xen = Put = 0.70 (60) = 42mm CLB.4.4
Bn =0.70 mm/min Table B.2 htire = h— (x¢n + x¢) =380 — (42 +7) = 331mm
Xe=7mm CIB.5 bfire = b —2(xcn + x¢) =365 —2(42+7) = 267mm

Bending Strength — CSA 086-19 Annex B

— — — 2 2
K, =1.0 CL7.5.6.4.4
Kzpg = 0.953 CLB.3.5 M, = ¢ fo(KpKyKspKr)min (K, K,p) (Kri)Sess CL7.5.6
Ky = 1.35 CLB.3.9 = 1.0(25.6)(1.15)(0.953)(1.35)(4875.5 x 10%)
¢ =10 CLB.3.2 = 184.7KNm M, > Ms g
f» = 25.6MPa Table 8.2 OK

Shear Strength — CSA 086-19 Annex B

Ky=K,, = Kr=1.0|CL83 Ago = hirebyire = 3319x267 = 98532 mm?
K, = 1.15 CLB.3.3
K: = 1.35 CLB.3.9 244 CL7.5.6
fi V. = Ky Ky K. K 9.
¢ =1.0 CLB.3.2 T ¢fv( DB HB sy T) 3 2
f. = 1.75MPa Table 8.2 = 1.0(1.75)(1.15x1.0x1.35)5(98532) =1784KN | Vrri > Vryi
OK

3.2.3  GIRDER STRENGTH AND PROPERTIES

The girder design is completed similarly to the purlin design discussed in section 2.2., including live load reduction
factors. There are 2 bay cases as shown in the figure below: outer bays are 9.14m wide, supporting 4 purlins each
as shown in the below image, inner bay 8.53m wide, supporting only 2 purlins.

y o

As aresult, the tributary area associated with each girder varies, and the live load reduction factor must be calculated
separately. Although he tributary area of the girders is based on the full bay width, it should also be noted that the
beam frame in to the face of the columns, reducing the total length of the beam in to 8.78m and 8.17m respectively.

350 | | 1 30 | ) | | 3.0
i | i [CEE] T Ted)

| —

-

The worst case of moments and shears are taken for the 2 different girder configurations and summarized below.
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Live Load Reduction per the NBCC CL 4.1.5.8

Agirderouter = 4 Arrippuriin = 3.5 (3.048m x 7.62m) = 81.3m? > 20m?

LLyod.inner = [0.3 + /9.8/92.9m?| 2.4 KPa = 1.55 KPa

Agirderinner = 2 Aprippuriin = 2 (7.62m x 3.048m) = 46.5m? > 20m?

LLyog.inmer = [0.3 + /9.8/46.5m2| 2.4 KPa = 1.82 KPa

Factored Design Loads

Fire (1.0D + 1.0L)

Priouter = 102.6 KN

Pfi.inner =110.1 KN

Mimax = 323.5 KNm

Vrimasea = 110.1 KN

Rfimax = 197.7KN

Po Py P, P, Typical (1.25D+1.5L)

WPL P, P, Pl ] Pf,outer =137.0 KN
l J/ \L Pt inner = 148.2 KN
Mg pmax = 435.5 KNm
Ve max@a = 148.2 KN

Ry = 2642 KN

9144mm - 365mm___ | -
8779mm Wr = 528.4 KN

Wrimax = 395.4 KN

Member Strength and Deflection — CSA 086-19 section 7.5 and CSA Wood Design Manual

K, = 1.0 — 0.50log <ﬁ) =1.0—-0.5log (E) = 0.855 L5322
Pgr 1.5
K, =1.0 CL.7.5.6.4
130\ /6101 /9100\°! Cl7.5.6.5.1
8 Kzbg = (T) <T) (T)
@ 130\ /610\%! 19100\
= (365) (536) (Gmon) =09
M, = M, min(Kyg, K, )K.Kp CL7.5.6.5 oK
= 711 KNm (0.905)(0.855) M, > My
=543 KNm
Vol = 0.265m(0.836m)(8.78m) = 1.94m3 < 2.0m | CL7.5.7.3.a)
1—265— le. no need to consider calculation of Wr
Material Grade: 20f-E V. = V'K, = 233 KN(0.833) = 194 KN cL 75'13";3) OK
CSA Wood Design Manual 4 f
Design Strength Values NBCC OK
V.= 243 KN A = 373 mm L/1332<L/360
M. =777 KNm CL5.4.3 oK
W07 = 841 KN Ap = 6.59 mm L/2509<1/360
El = 152000 x 10° Nmm? A = A 4 A =103 mm CL5.4.2 OK
for = 7L 2o o L/870<L/180

3.2.4  FIRE DESIGN

Girder design for fire is nearly identical to the purlin design except that stacked purlins allow airflow over tops of

girders, allowing for exposure to fire on 4 faces as shown in the image below

Fast + Epp




GLULAM PURLIN
GHAR AT GIRDER

oLT SUPPORT CLT

CHAR CHAR

FURLIN
BEYOND

GLULAM GLULAM
CHAR GIRDER —
CHAR

We calculate the fire properties of the section using the same approach provided in section 3.2.2 for the purling
fire design

Char Calculation — 086-19 CL B.4.3 & CLB.4.4

t =60 min Xen = PBnt =0.70 (60) = 42mm CLB.4.4
Bn =0.70 mm/min Table B.2 hfire = h—2(xcn + x;) =836 —2(42 +7) = 738mm
Xt =7mm CIB.5 bfire = b — 2(Xcpn + x¢) = 265 —2(42 +7) = 167mm

Bending Strength — CSA 086-19 Annex B

— — 2 2
I;’le) Ko, = Kr CL8.3 5. = hﬁrzbﬁre _ 738 (()167) 1516 x 105mm?
K, =1.15 CLB.3.3
K, =1.0 CL7.5.6.4.4
Kzpg = 0.905 CLB.3.5 My fire = ¢ fb(KDKHKsbKT)min (KL, big)(Kfi)Seff CL7.5.6
Ky = 1.35 CLB.3.9 = 1.0(25.6)(1.15x1.0)(0.905)(1.35)(15.16x10°)
¢ =10 CLB.3.2 = 545.2 KNm M, i > Mg g
. = 25.6MPa Table 8.2 oK

Shear Strength — CSA 086-19 Annex B

Ky=K, = Kr=1.0|CL83 Ago = hpirebrire = 738 X 167 = 123246 mm?
K, = 1.15 CLB.3.3
K. =1.35 CLB.3.9 2440 CL7.5.6
st Vrpire = @ f(KpKy Ky Kr) —2
¢ —10 CLB3.2 r.fire ¢ﬁ7 DA HBsvAT 23
f. = 1.75MPa Table 8.2 = 1.0(1.75)(1.15x1.0x1.35)§(123246) Viri > Ve
= 223.2KN oK

3.3 Glulam Column

Glulam column design is completed as per Chapter 7 of 086-19. The CWC Wood Design Manual also provides design
examples for Glulam columns. Additional tables for typical glulam column sizes and lengths are provided, refer to
the Wood Design Manual for more information. The loads for the glulam columns will be determined based on the
loads described in section 1.2.3 and live load reduction factors per section 4.1.5.8 of the NBCC 2015.
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Note that the unbalanced loading of the beams will also impose a moment on the columns. The axial load in the
columns will be cumulative, but the because the columns can be assumed to be pinned at their base we can take
the moment imposed from the unbalanced load at a single floor.

Design Loads per the NBCC CL 4.1.5.8

Pf.ilvl

P|=

Pr.axt

M< = (Pr.ext =
Piow + Py mi)

Pyin) (Width/2)

8.53m 9.144m

AcovinteriorLive = (2 floors) (7-62m)(
= 134.7m? > 20m?

2

=)

LLyog.inmer = [0.3 + 9.8/134.7m2] 2.4 KPa = 1.37 KPa

P = 161.1 kN

Pproor = 982 kN

Pp fioor = 1274 kN + 67.8 kN = 195.2 kN

Py fi0or = 59.8 kN + 31.8 kN = 91.6 kN

Typical (1.25D+1.5L+1.0S)

Fire (1.0D + 1.0L+1.0S)

P =1086.9 kN

0.365
M; = (249.0 — 132.5) <T) My

=213 kNm

0.365

= (187.2 — 107.9) (—
= 14.5 kNm

2

)

331

MEMBER STRENGTH AND PROPERTIES

The column strength must be compared for both moment and compression, and for combined loading as described

in CSA 086 Clause 7.5

Py
Kp =1.0—-0.5010 g(P

477
)—10 OSlog( )—0.942

o 366

Compression strength per CSA 086-19 CL 7.5.8

=K.=1 _ 4250 5.8.
Ky=Ky=10 |CL83 C, = 1242 < 50 CL7.5.8.2
Ko, =K, =10 | CL83 342 OK
fe =25.2MPa | Table8.2 | K,, = 0.68Z7%" =0.738 CL7.5.8.5
E = 10300 MPa | Table 8.2 F.K,.,C3 -1 CL7.5.8.6

K= [10+—=-22—-—| =0898
35(0.87E)K. Ky
B = ¢ f:(KpKyKscKr)KycgK A CL7.5.8.5
= 0.8(25.2)(0.942)(0.738)(0.898)(365 x 342) = P.> P
1570.4 KN oK
Moment strength per CSA 086-19 CL 7.5.6
Ky =Kr =Ky =10 30\°* /610\** 19100\ €l17.5.6.5.1
K, =1.0 L7564 | Keba = <T) ( ) ( L ) =103
=9.8MPa | Table8.2 _ 342x 3652
o ptan Sy = ————="75938 x 10°mm’
M, = ¢ fb (KDKHKSCKT) min(bich) Sy Ky CL7.5.8.5
= 0.9(9.8)(0.942)(1.0)(7593.8 x 103) = 63.1 KN | M, > M;
oK
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Combined Axial and Moment Interaction from CSA 086 CL 7.5.12

342 x 3653
Iy = T = 1385.7 x 10®mm?3
E = 9700 Mpa
w2(0.87E) (Ko K7)(1,) m?(8439)(1.0)(1385.7 x 10°) CL7.5.12
Py = A = 6390.5 kN
E 12 (4250)2
(Pf)z N My (1 Pf)‘l B (1086.9)2 N (21.3) (1 1086.9)‘1 0,886 < 1.0 oK
. M, p.) ~\1570.4 63.1 6390.5/ :
3.3.2 FIRE DESIGN
In general, columns in open space will be exposed to fire on all four faces.
Char Calculation - 086-19 CL B.4.3 & CLB.4.4
t =60 min Xen = PBnt =0.70 (60) = 42mm CLB.4.4
Bn =0.70 mm/min Table B.2 hfire = h—2(xcn + x,) =365 —2(42+7) = 267 mm
Xt =7mm CIB.S5 bfire = b —2(xcn + x;) =342 —2(42+ 7) = 244 mm
Compression strength per CSA 086-19 CL 7.5.8
= =1. . 4250 .5.8.
Ky=Kr=10 |CL83 C = 1741 <50 CL7.5.8.2
K=K, =10 | CL83 244 OK
— -1
Kp = 1.15 CLB.3.3 = (104 F.K,egC3 CL7.5.8.6
K =135 CLB.3.9 ¢ ™ 7 35(0.87Eys)K K
¢ =1.0 CLB.3.2 — (10 25.2(1.15)(1.35)(0.738)(17.4)3
Kzcqg = 0.738 CLB.3.5 A\ 35(8439)(1.0)
= 0.66
fo = 25.2MPa Table 8.2 | B. = ¢ fo(KpKyKs Kr)K,cqK KA CL7.5.8.5
Eos = 9700 MPa | Table 8.2 = 1.0(25.2)(1.15)(0.738)(0.66)(1.35)(267 x 244) = B> P
12415 KN OK
Moment strength per CSA 086-19 CL 7.5.6
Ky =K =Ky =10 244 X 2672
S, = =2899.1 x 103 3
K, = 1.0 L7564 | 6 mmn
foplank = 9-8MPa | Table8.2 | M, = ¢f,(KpKyKs.Kr) min(Ky, Kyp,) Sy KKy CL7.5.8.5
Kypg = 1.03 CLB.3.5 =1.0(9.8)(1.15)(1.0)(2899.1 M, > Mg
x 10%)(1.35) = 44.1 KN OK
Combined Axial and Moment Interaction from CSA 086 CL 7.5.12
244 x 2673
I, = — 4z - 387.0 X 10°mm3
Eys = 9700 Mpa
w2(0.87E) (KseK7)(I,) m%(8439)(1.0)(387.0 x 10°) CL7.5.12
P. = Yl — = 1784.5 kN
E 12 (4250)2
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<Pf)2 M (1 Pf)‘l B ( 832.9 )2 N (14.5> (1 832.9 )‘1 0,964 < 1.0 OK
P:)  \14126 441 1784.5) '

3.4 CLT Walls

CLT panels are typical designed per CSA 086-19, clause 8, as discussed in section 2.1 of this document. For more
information refer to the CLT Design Manual from FP Innovations.

3.4.1  WALL PROPERTIES

The CLT properties are developed similarly to those in the slab section, except that only the laminations oriented in
the primary direction are considered, as a result, the effective values provided in PRG 320 (or manufacturer specific
published values) cannot be directly applied for in-plane compression. For the panel properties we are taking a
1.725m wide panel. The panel width is chosen to suit the CLT shearwall design, for more information on panel width,
refer to chapter 3 of this document.

Table 3-3: CLT Wall Panel Lamination Properties

Thickness Lam Eiy(Mpa) 1y Eiliy A z(mm)  EiyAiyzio?x10°
(mm) Material (mm*/m)  (Nmm2/m) (mm?/m)

35 1950 MSR 11700 3572917 72.11 x10° 35000 105 4514.74 x10°
35 No.3 SPF 0 3572917 0 0 70 0

35 1950 MSR 11700 3572917 72.11 x10° 35000 35 865.32 x10°
35 No.3 SPF 0 3572917 0 0 0 0.00

35 1950 MSR 11700 3572917 72.11 x10° 35000 35 865.32 x10°
35 No.3 SPF 0 3572917 0 0 70 0

35 1950 MSR 11700 3572917 72.11 x10° 35000 105 4514.74 x10°
Total Compression (parallel only) 288.4x10°  140.0x10° 10,032 x10°

The panel properties then need to be determined for the full panel width and the specific values for buckling of
panels need to be developed per 086-19 clause 8.4.5

Panel Properties - In-plane Compression
YEl + Y EAz}

Eouter

mm? CL8.45
(1.725 m) = 241,500 mm?

2 CL8.4.5

Nmm
= (10321 x 10° )(1.725 m) = 1521.71 mm*

Lepr =

Aeyy = 140,000—

CL8.4.5

I
Teff = =L = 78.9mm

Acsy

For bending, we can pull the panel properties from the generic PRG 320-2019 published values
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TABLE A4
LSD STIFFNESS AND UNFACTORED RESISTANCE VALUES® FOR BASIC CLT GRADES AND LAYUPS (FOR USE IN CANADA)

Lomination Thickness (mm) in CLT Layup Major Strength Direction Minor Strength Direction
(fuS)arrco IEILq’Lu (fbs]ﬁ(‘[,‘io {E“.uq.yu
(10° (10 (GA), 0 Vso (10 (1o (GA 5150 Ve 50
CLT t N-mm/m N-mm?/m (10 N/m (kN/m of N-mm/m N-mm/m (10¢ N/m (kN/m of
Grade (mm) = 1 = 1 = L = of width) of width) of width)  width) of width)  of width)  of width)  width)
105 35 a5 35 42 1,088 7.3 35 1.40 32 2.1 12
El 175 35 35 35 35 35 98 4,166 15 58 12 837 18 35
245 35 35 35 35 35 35 35 172 10,306 22 82 29 3,220 27 58

Panel Properties from PRG 320-2019
El.sr = (10306 X 10° Nmm?/m)(1.725 m) = 17777.9 X 10° Nmm?

FySers = (172 x 109 ™22 (1.725 m) = 296.7 kNm/m

GAopp = (22 X 10° Nmm?2 /m)(1.725 m) = 37.95 x 10° Nmm?

3.4.2  APPLIED LOADS

For wall panels supporting beams, the loading at a given floor is applied eccentrically to the centerline of the wall.
For this portion of the example we will look at the walls at the interior supporting a purlin girder

HH Cumulative Applied Axial Force
A A P = 268KN roof
i P, = 17.4KN roof
M P, = 32.3 KN11.8m(1.1Ka)(1.725M) Floors
v P, = 11.8m(1.1Ka)(1.725M) = 22.4 kN Wall (total)
= — P, = 2(25.2 KN) floors
— — Typical (1.25D+1.5L+1.0S) Fire (1.0D + 1.0L+1.0S)
= Py = 233 KN Prire = 182 KN
; My = Prioor (thpzand) My = Prioor (thp;nel)
245mm 245mm
= (125(323) + 15(25.2)) — = (323 +25.2)
= 9.58KNm = 7.04KNm

3.4.3 PANEL STRENGTH

Bending and Compression as well as the interaction are calculated per chapter 8 of the 086-19

Panel Axial Strength — 086-19 CL 8.4.5

Kp = Ky =Ky = Ky CL8.3 . = Le  _ 4200 CL8.4.5.3
=10 ¢ \/Ereff V12(78.9mm)
¢ =08 CL8.4.5.5 =15 < 43
f. = 19.3MPa
-013 CL8.455
Kz =63 (\/ 127ers L) P = ¢fo(KpKscKrKi)AeprKycK, CL8.4.5.5
=1.03<13 = 0.8(19.3 MPa)(1.0)(241500mm?)(1.03)(0.8)
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FK,C3 1% CL8455 =3072.5kN P> P
35E05KSEKT OK
=08

KC=[1+

Bending Strength — 086-19 CL 8.4.3

KD = KH = Ksb = KT CL8.3 Mr = ¢(KDKSCKTKH)beeff’ CL8.4.3.1
=1.0 KNm M, >M
= 0.9(1.0) (296.7——) (1.72 o
Kypo = 0.85 CL8.4.3.1 09( 0)( 967 )( sm) oK
¢ =09 cL8.43.1 = 460.6 kN
fp = 28.2MPa Table 8.2

Combined Bending and Axial — 086-19 CL.8.5.6

2 EgsKspKrl 72(0.87 x 11700MPa)(1.0)(1504 x 10° CL8.4.6
Py =—2 LSEE rleyr _ 7 (4203)(2 X ) _ g072.4KN
Pg, = P (1 L ) 1 = 8072.4KN (1 +M> 1 = 6653.2KN cheas
voE GAesy 37.8 x 106
B %<1_ s >_1= 233, 96 (1— 233 )_1=0097<10 oL oA
P. M, Pg,, 3072.5  460.6 6653.2 ' ' OK

3.4.4  FIRE DESIGN

CLT walls must be designed for fire ratings. For this example the walls will be taken as fire-separation elements,
allowing us to calculate the fire-resistance rating from one face at a time. The depth of char is calculated as discussed
in section 2.1.5 of this document; based on the post-fire panel layup, the section properties will need to be
recalculated. To simplify the calculations, the additional laminations remaining after char that make the panel non-
symmetrical in the direction of consideration can be ignored. For the primary direction, these laminations are shown
in grey.

Table 3-4: CLT wall char calculation

thickness Lam Material Eiy Giy Centroid, X NA-x=2z
(mm) (Mpa) (Mpa) (mm) (mm)
35 1950 MSR 11700 731 18 70
35 No.3 SPF 300 56 53 35
35 1950 MSR 11700 731 88 0
35 No.3 SPF 300 56 123 35
35 1950 MSR 11700 731 158 70
Total

For Axial Properties they are calculated in the same manner previously provided.

Table 3-5: CLT Wall Panel Lamination Properties

Thickness Lam Eiy (Mpa) liy Eiliy A z(mm)  EiyAiyzio®
(mm) Material (mm?/m) (Nmm?/m)  (mm?/m) (Nmm?/m)
35 1950 MSR 11700 3572917 72.11 x10° 35000 70 2006.55 x10°
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35 No.3 SPF 0 3572917 0 0 35 0

35 1950 MSR 11700 3572917 72.11 x10° 35000 0 0

35 No.3 SPF 0 3572917 0 0 35 0

35 1950 MSR 11700 3572917 72.11 x10° 35000 70 2006.55 x10°
Total Compression 216.33 x10° 105x103 4013 x10°

Panel Properties - In-plane Compression (only highlighted rows)
_ Y El + YEAz CL8.4.5

Ieff = = 623.57 x 106 mm4
Eouter
Agpr = 181,125 mm? CL8.45
less CL8.4.5
e
eff

In this case we can see that the remaining panel effectively represents a 5 ply panel. As such we can take the panel
properties for a 5-ply panel directly from PRG 320-19 for bending properties. | cases where the depth of char results
in @ non-symmetrical panel it is important to calculate the neutral axis, which would not be at the center of the
panel.
Panel Properties from PRG 320-2019

Elerr = (4166 X 10° Nmm?/m)(1.725 m) = 7186.4 x 10° Nmm?

06 Nmm

FySeps = (98 x 1 ) (1.725 m) = 169.1 kNm

m

GAepr = (15 x 106 Nmm?/m)(1.725 m) = 25.9 X 10° Nmm?

The wall strength is calculated using the same chapter 8 provisions as outlined previously with additional guidance
from Annex B.
Panel Axial Strength — 086-19 CL 8.4.5

Ky =Ky = Kr = 1.0 CL8.3 c - Le _ 4200 CLB.3.7

K, = 1.15 CLB.3.3 ¢ V1Zry;  V12(58.7mm)

Ky = 1.25 CLB.3.9 =17 < 43

K,, =1.03< 13 CLB.3.5 FKy,.C: 1! CLB.3.8

_ K.=[1+—"=| =074

¢ =1.0 CLB.3.2 ¢ [ 35EaveKSEKT]

fe =19.3MPa Prpi = ¢fc(KpKscKrKy)Aerr Kz KKy Prpi < Py
= 1.0(19.3)(1.15)(181,125)(1.03)(0.74) (1.25) oK
= 3830.1 kN

Bending Strength — 086-19 CL 8.4.3

Ky =K, = Ky = 1.0 cL8s3 My i = fSerrKpKpiKys CL8.4.3.1a
K, = 1.15 CLB33 — 1.0(169.1 kNm)(1.15)(1.25)(0.85)

Ky = 1.25 CLB.3.9 = 206.6 kNm M pi < My gy
Ky = 0.85 CL8.423.1 oK

¢ =10 CLB.3.2

fp = 28.2MPa Table 8.2
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Combined Bending and Axial — 086-19 CL.8.5.6

_ m2EosKspKrlops _ 72(0.87 x 11700MPa)(1.0)(623.6 x 10°) _ 35515KN CL8.4.6
12 (4200)2
kP \ " 1.2(8072.4)\ " CL8.4.6
PE,v = PE (1 + GAfo) = 8072.4KN (1 + m) = 3049.68KN
&+%( _i)_1= 182 7.04 (1— 182 )_1=0084<10 c 84
P M, Pg,, 3830.1  206.6 3049.7 ' ' OK

3.5 Connections

Per 086-19 Annex B Clause 9, all connections supporting elements with a fire rating must have a fire rating meeting
or exceeding that provided for the primary loading-bearing elements, referencing the AWC’s Technical Report No.10
for more information. The Technical report notes that steel elements completely encased in wood that is not within
the char depth or zero strength layer can be considered fire protected.

3.5.1 COLUMN-TO-COLUMN

It is good practice to maintain end-grain to end-grain connections for column-to-column connections between floors
to avoiding high perp-to-grain forces resulting from cumulative column loads. This approach will also minimize
perpendicular to grain shrinkage between erection and the final in-situ condition. Shrinkage is also minimized using

this design approach, refer to section 3.6 of this document.

NOMINAL TEMSION AND SHEAR
CONMECTION TO END-GRAIN

Y BEARING PLATE DAPPED
IN TQ U/S OF CLT BEARING
PLATE
COMCRETE TOPPING /
CLT PANEL PER PLAN \ / GLULAM
| [ | ¢ NOTIONAL

E e T CHAR DEPTH
e -::I'.h:u::l:‘;—-::l:h—di_-"
I ; -

w ENCAPSULATION OR ' F‘

INTUMESCENT PAINT

STEEL STUB,
s ENCAPSULATED OR
INTUMESCENT PAINTED

To achieve a fire rated solution, the steel column connector can be intumescent painted on the exposed surfaces or

encased in gypsum. The plates should be held back the depth on char on all 4 sides of the columns to protect the
sides. The end-grain axial capacity of the columns also needs to be checked.

Axial End Connection Compression Strength - CSA 086-19 CL 7.5.8

Ky=Ks.= Kr=K,= 10 | CL83 B = ¢ f.(KpKyKsK7)Ap Cl7.5.8.5
¢ =08 CL7.5.8.5 = 0.8(25.2)(1.0)(215 x 240) = 1040 KN Pr < B,
fp = 25.6MPa Table8.2 OK

K. =1.0 Cl7.5.8.6

Kzeq = 1.0 CL7.5.8.5
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3.5.2  PURLIN-TO GIRDER

The purlin to girder connections are bearing connections; the bearing design is completed to support the reactions
determined in the purlin design. The bearing on the top of the beam for purlins adjacent to the girder support must
also be checked. Finally, the bearing condition in the fire case must also be reviewed.

Compression Perpendicular to grain — CSA 086-19 CL 7.5.9

=T=x< Applied Bearing Load on Purlins
— T Typical (1.25D+1.5L+1.0S) Fire (1.0D + 1.0L+1.0S)

Q; = 893 kN Qri = 60.8 kN
BEARING
FLENGTH
Purlin Support Bearing Strength — CSA 086-19 CL. 7.6.9.2
=5. . 265
F,, = 5.8 MPa | Table 7.2 Ay = 365 X 2 — 48363mm?
K, =1.0 2
KSCP =10 Qr = ¢fcp(KDKscpKT)AbeKZcp Qf <0Qr
Ky = 1.0 = 0.8(5.8MPa)(48363)(1.0)(1.15) oK
¢ =08 = 258.1 kN
Ky =10 |CL65.65
Ky = 115 | CL6.5.6.4
PURLIN BEARING ON Applied Bearing Load on Girders
GIRDER NEAR GIRDER
SUPPORT Typical (1.25D+1.5L+1.0S) Fire (1.0D + 1.0L+1.0S)
|
e = Vi = 2(Qfpuriin) = 2(89.3 kN) Ve = 2(Qf.fipuriin) = 2(60.8 kN)
| = 178.6 kN =121.6 kN

>

Bearing on Girder near Support — CSA 086-19 CL. 7.6.9.3
F, =58MPa | Table7.2 | A, = 365 x 265 = 92725mm?

1 =HIHE Kp = 1.0
= | Hi= Ksep = 1.0 Qr= ¢fcp(KDKscpKT)AbeKZCp Qr <Qr
L Ky = 1.0 = 0.8(5.8MPa)(1.0)(92725)(1.0)(1.15) | OK
AL | crosrar ® =08 =344.1 kN

SUFPPORT

Kz =10 |CL65.6.5
Kzep = 115 | CL6.5.6.4

The bearing area for fire
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Compression Perpendicular to grain — Fire Case — CSA 086-19 CL 7.5.9

2R Applied Bearing Load on Purlins
LAYER Typical (1.25D+1.5L+1.0S) Fire (1.0D + 1.0L+1.0S)
= Q; = 89.3kN Qr.ri = 608 kN
G‘LT
HAR oA Purlin Support Bearing Strength — CSA 086-19 CL. 7.6.9.2
Fep = 58 MPa A, =267 X 287 22204 5mm?
Keep = 1.0 2
. Kr =10 Qr = ¢fep(KpKsepKr)KriApKy K
NOTIONAL K, = 1.15 = 1.0(5.8MPa)(1.15)(1.35)(22294.5)(1.15)(1.0)
g OErT K =135 = 2309KN
=10
Kz = 1.0 Qrri < Qrri
Kep = 1.15 OK

3.5.3  GIRDERS TO COLUMNS

To maintain the column-column connections as previously shown, the girder to column connections must be
provided into the face of the columns, without any exposed steel to ensure the fire rating is achieved. To achieve
this, proprietary form fitted connectors can be used. In this example we will use the Megant connectors provided
by MTC Solutions.

coL-coL
CONNECTION
/ CONCRETE
TOPPING
el | CLT PANEL
' |
L T | L MEGANT System
\" FORMFITTED Reaction Loads
CONNECTOR - -
J DAPPED INTO Typical (1.25D+1.5L+1.0S) Fire (1.0D + 1.0L+1.0S)
COLUNN R; = 273.8KN Ry fire = 2052 KN
Min. Beam | Relative Fasteners Factored Resistance, N,
Item # Size Density Threaded Rod Down Load Vet
i (e Type Quantity kN [Ibs] 4
2 e VG CSK 8 x 160 §o4. |Spomoth0x o0 293 (65,860] 5
ol e (SPF) Grade 8.8 : )
@9 @© -
~ 3¢ =w
52| g ES
<9 & 0.49 3 pes of M20 x 760 °
g S (D.Fi) VG CSK 8 x 160 104 Oadesa 318 [71,480] 3
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Per 086-19 Annex B Clause 9, all connections supporting elements with a fire rating must meet or exceed the fire
rating of the supported element. The AWC’s Technical Report No.10 notes that steel elements completely encased
in wood not within the char depth or zero strength layer can be considered fire protected. By maintaining enough
timber around the Megant connector, we can ensure that the full strength of the connection is maintained in the

fire case

Screws Pointing
Upwards

“A" Facing Upwand

Screws Poinfing
Downwards

lijjﬁylm“gd

Secondary Member

CHAR +
ZERO
STRENGTH
LAYER

CHAR +
ZERO
STRENGTH
LAYER

CHAR +
ZERO
STRENGTH
LAYER

e
|
:.
]
'.
N
1))

E

Secondary Member

MTC solutions has provided minimum beam sizes to maintain specific char ratings in the beam design guide

Table 24.3 Suggested Cross Sections

Fire Resistance Rating
1 hour 2 hours
Connector
Min, Beam | Min. Beam a . Min. Beam | Min. Beam a .
Width (b) Height (h) Width (b) Height (h)
[mm)] [mm] [mm] [mm] [mm]) [mm)])

MEGANT 730x150 224 810 50 286 851 9N
Notes

1. Al mnimum beam requirements account for the corner efect rounding when
beams are designed for three-sided fre exposure.

2. Beam Hanger Systems must be nstalied with fre rated caulking within the nen
charming area

3.6 Shrinkage

086-19 Annex A provides guidance on shrinkage provided that the moisture contents of wood can be determined in
the initial and final condition. This is discussed in clause A.5.4.6.

Cperp = 0002 Sperp = (d or b)(Minitial - Mfinal)cperp CL A546
Cparq = 0.00005 Sperp = (d or b)(15% — 8%)(0.002) = 1.4%(d)
Minitiar = 12%_ + 3% Spara = (L)(Minitial - IVIfinal)CperlJ
Mgina1 = 8% (indoor) Spara = (L)(15% — 8%)(0.00005) = 0.035%(L)
From this we can determine the total expected shrinkage of the members and the building
Purlin Girder Column CLT Floor

Fast + Epp



Member Dim. Shrinkage Dim. Shrinkage Dim. Shrinkage Dim. Shrinkage
Dim

B 365 5.11mm 265 3.71mm 315 4.41mm 105mm  1.47mm
D 380 5.32mm 876 12.26mm 342 4.80mm

L 7260 9144 4250 1.49mm

It is important to look at locations of differential shrinkage to determine if there are any issues to reviewed.

3.6.1 FLOOR PLATE DIFFERENTIAL SHRINKAGE

Differential shrinkage within a floor plate can impose unintended forces in members or connections. Where purlins

are supported on girders adjacent to columns is one example where this can occur.

f

N

Initial Condition

—

GIRDER
& PURLIN
SHRINKAGE

Final Condition

Girders:

Purlins:

CLT:

Supported at their mid depth, but partially restrained
again shrinkage due to screws in proprietary
connection. As an estimate assume the top third will
shrink down, and the bottom third will shrink upwards
with the mid-depth of beam staying constant

The purlins are supported in bearing at the base. They
will shrink downward to maintain the bearing support
The CLT typically bears on the purlins, but at the
columns it is framed into the top of the columns. the
location of the bottom of the CLT at the column will be
set by the column shrinkage

The total differential shrinkage between the u/s of the CLT and the
top of the purlin would be as follows:

Apurlin +

1 1
Agirger= 5.32mm + 3 12.26mm = 9.41mm

The CLT will either need to slip around the column to accommodate this or accommodate lack of support by the

purlins until both the purlins can deflect up, and the CLT can deflect down to meet each other.
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3.6.2  DIFFERENTIAL SHRINKAGE OVER FULL BUILDING HEIGHT

C——
[ ] Ll
| |
INITIAL FINAL
CONDITION CONDITION

4 Lateral Design

Differential shrinkage over the height of the building can similarly impart
unintended forces in members or result in unintended slopes or steps in floor
plates.

In this example, one location of potential concern is at the columns adjacent
to platform framed CLT walls. The columns are detailed to avoid perp-to-
grain shrinkage, but the CLT walls panels are platform frames. An
exaggeration of the shrinkage in the CLT floor plates clearly shows how the
cumulative shrinkage in the perp-to-grain connections at the CLT walls that
is not present in the columns.

The shrinkage of the CLT floor at one level is limited to 1.47mm, but over 3
levels of CLT this will result in 4.4mm. On this three-storey building this does
not constitute a large problem, but as the number of storeys increases, this
can add up to detrimental cumulative shrinkage.

A sample calculation is provided for the shearwall wall along grid C at the elevator core; first the loading on the wall

needs to be established and basic requirements of CLT shearwalls must be outlined.

4.1 CLT Shearwall Concept

The in-plane strength of a CLT Shearwall is generally governed by its connections as opposed to in-plane shear or

bending resistance of the CLT panels; similarly, the deformation in a CLT shearwall is generally dominated by the

deformation in the connectors. Most codes and design guides note that the panels themselves can be modeled as

rigid elements with the connections being the focus of design. For CLT shearwalls resisting seismic loads, ductility

is typically developed by yielding the connections in a rocking wall system. This is the basis on which the ductility
factors provided in the code are based (086-19 CL 11.9.3.1)

Rocking Only - OK

Sliding Only — Not OK Rocking & Sliding - OK

For walls that do not achieve the desired behaviour, reduced ductility factors are provided, effectively designing for

a fully elastic system
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4.2 Code and Standard Limitations

CSA 086-19 Section 11.9 provides guidance on Shearwall Design corresponding to the upcoming provisions to be
included in the NBCC 2020. There are several limitations to the provisions in the standard as a variety of
requirements that must be met to provide a code compliant design:

CLT shearwall provisions are limited to platform framed walls CL11.9.11
i.e. multi-storey continuous panels are not premitted

A building using CLT shearwalls is required to avoid irregularities CL11.9.3.2.1

Height limits below 20m or 30m depending on seismic category CL11.9.3.2.3

Shearwall panels must be a minimum of 87mm thick CL11.9.35.1

Shearwall panels with openings must be excluded from shearwalls CL11.9.3.5.4

Shearwall flexural deformation should not exceed 30% of total drift CL11.9.3.6.2

i.e. lateral deformations associated with panel flexural deformation and hold-down
elongation at each floor shall not exceed 30% of the total drift

The 086-19 standard provide ductility (Rd=2.0) and Overstrength (Ro=1.5) values for ductile design. To achieve
these ductility values additional requirements and limitations are provided. If these limitations are not met, then a
reduced ductility and overstrength value (RdRo = 1.3) must be used.

Shearwall segments must have aspect ratios between 2H:1W and 4H:1W CL11.9.35.2,
Dissipative connections are designed so that a yielding mode governs CL11.9.3.3.1a
Dissipative connections are moderately ductile in directions associated with panel rocking CL11.9.3.3.1b

All Connections allow enough deformation capacity at displacement demands induced from CL 11.9.3.3.1c
rocking

4.3 Energy Dissipating & Capacity Protected Elements

086-19 gives some specific guidance on elements that must be capacity protected:

Energy Dissipating Elements

Vertical joints between CLT panels/segments CL11.9.3.4.1a
Shear connections at base of walls in uplift only CL.11.9.3.4.1b
Discrete hold-downs CL11.9.3.3.3.2

hold-down must have a strength 20% greater than the forces
developed with the vertical joints reach their design (ie. yielding)
strength of the between panels

Capacity Protected Elements

CLT panels in walls & diaphragms CL11.9.3.4.2/CL11.9.3.7.1
Continuous Steel Rod Hold-downs CL11.9.3.3.3.3
Diaphragms chords & struts/drags (including around openings) CL11.9.3.7.3
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Note: Capacity protect elements are designed based on the probable capacity of the yielding element. For walls
with vertical joints, these can be taken as the primary yielding element for which the probable capacity should be
based.

Additionally, the Commentary clauses 11.9.2.4 and 11.9.2.4.2 goes on to state that “non-dissipative connection
should not yield while the energy dissipative connections reach their maximum expected resistance...tolerate the
displacement demands when the dissipative connections reach their target displacements”. If this approach is used,
there are several additional elements that should be capacity protected:

Additional Capacity Protect Elements recommended in Commentary

Components of hold-downs not intended to dissipate energy

Shear connections at base of wall in shear direction

Splices between floor panels

Connections between the floor and the wall below

Bearing resistance of CLT panels supporting Shearwalls above

Entire Concrete podium where applicable
Note: foundations would also be capacity protected. They should be designed for the worse of the capacity
protected requirements as discussed here, as well as additional capacity protection requirements outlined in the
NBCC. They are not discussed further herein

4.4 Lateral Force Resisting System (LFRS)

The LFRS used in this building consists of CLT shearwalls in both directions. These shearwalls are shown in the plan
below, highlighted in yellow.

'—v‘

"
-+
I

-4 | ]

Yo~

The building in question does not have any irregularities and is shorter than 20m, making it suitable for a CLT
shearwall LFRS. For this example, we will review the design for the shearwall along grid C. Note that there are no
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provisions in the NBCC requiring elements of the LFRS that are not also part of the gravity load resisting system to
be fire rated.

4.4.1  LOAD DISTRIBUTION

As with any building, the distribution of lateral forces to discrete LFRS elements (i.e. individual shearwalls in this
example) is dependent on the relative stiffnesses of each vertical LFRS and the stiffness of the diaphragm that
distributes the load. CLT diaphragms fall somewhere between a fully flexible (like plywood diaphragms) and a puely
rigid (like concrete diaphragms); the drift associated with the CLT diaphragm will likely be in the same order of
magnitude as the CLT shearwall drift at a single level. An enveloped approach to load distributions is a simplified
approach to determine the load carried by each wall. This example will use a flexible and rigid diaphragm as the
bounds of the envelope.

4.4.1.1  Flexible Diaphragm Distribution

. i 1 ;__r____f ...... _t_f__
. ! I IS GSISIIII S SS S LSS AI SIS
: -.-—,-—-.-n-.—'L—' e .——l-.-r.—.---__—-. LA .-'-—.-el'.-.'-.- -"'."-:‘.-.'.lf"'“-'-‘"'-""-“lf‘-f"'."?‘.?'-: i

Table 4-1: Shear Load Distribtion between Shearwalls — Flexible Diaphragm Distribution

Wall Tributary  Tributary Tributary M _ V( A¢rini )
Element Width(m) Length Area (m?) Viotal Y Ayibi
(m)
SW1 12.0 54 647.4 0.45 GOVERNS
Sw2 4.3 54 234.5 0.16
Sw3 10.1 54 547.3 0.38 GOVERNS
Total 1429.2

4.4.1.2  Rigid Diaphragm Distribution

If we assume the stiffness of the walls are directly proportional with their length, a common simplified approach for
shearwalls suitable for hand calculations, we can distribute the loads based on their location from the center of mass
(C.M.) and the center of rigidity (C.R.), and their lengths. Note that C.M. for this building is approximated to occur
at the center of the floor plate. For simplicity, the C.R. is approximated as occurring at the same locations as the
C.M.
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Table 4-2: Shear Load Distribution between Shearwalls — Rigid Diaphragm Distribution

Wall  Wall Height  Wall Length Wall Stiffness (K) Wall Participation

(m) (m) (KN/m) Vwall — V( Kx )

H 3 H -t Vtotal ZKx
E x th((z) + 3I>
Sw1 3.8m 9.1 750 (E)(th) 0.40
SW2 3.8m 6.9 544 (E)(th) 0.30 GOVERNS
SW3 3.8m 6.9 544 (E)(th) 0.30
Total 1900 (E)(th)
4.5 |Initial Shearwall Design —SW3

This section outlines the initial shearwall design of a specific shearwalls as a means of illustrating the design process
that needs to occur for all walls. For the shearwall wall along grid C (SW3) at the elevator core the flexible diaphragm
approach is the governing load distribution for the wall in question.

6.9m
Ve
¥ >
E Table 4-3: Storey Shears for SW3
? v Level Storey Cumulative Wall Shear
1 - Shear  Storey Shear Load
(KN)  (KN) (KN)
@ Roof 611 611 2322
' Vi Level3 579 1190 452.2
— > Level2 307 1497 568.9

The wall is 6.9m long, to meet the aspect ratio requirements, the wall panels must be not more than 1.9m wide at
the upper floors; the wall is divided into 4 equal panels. The panels will be designed with dissipative elements
included:

1. Vertical splines between panels

2. Hold-downs

3. Base Shear Connections
A Schematic exploded free-body diagram of the shearwalls shows the compression at the end of each panel, the
cumulative hold-down forces, and the shear between individual panels. The exact load distribution in each spline
and the hold-downs is an indeterminate problem. This example includes a simplified approach to the loading and
design of a CLT shearwall.
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4.5.1  INITIAL FORCE DISTRIBUTION IN SHEARWALL

The first step in designing a rocking CLT shearwall involves create free-body diaphragms for each panel and distribute
the shear load as a line load along each panel. Starting with a simplified assumption of a compression reaction
occurring at the corner, the sum of the moments about the corner of the panel at the compression side to meet
equilibrium as follows (XM= 0). Similarly, if we assume that the spline load applies along the same line as the bearing,
we can simplify the loading as follows:

APPLIED LOAD: APPLIED LOAD: APPLIED LOAD: APPLIED LOAD:
Veweld o Voo Vacorld Veoorld

APPLIED APPLIED

AFPLIED

APPLIED GRAV LOAD GRAV LOAD
GRAV LOAD REACTION Ve REACTION Vuxt il REACTION V-

SPLINE [ACTIN SPLINE (ACTING SPLINE (ACTING

AS HOLD-DOWN) AS HOLD-DOWN) AS HOLD-DOWN)

APPLIED LOAD V.
ADJACENT PANEL
SPLINE

AFFLIED LOAD V...
ADJACENT PANEL
SPLINE

IAPPLIED LOAD V,,:
ADJACENT PANEL
SPLINE

REAGTION LLZ|| REACTION o.: REACTION o,: oy w REACTION o, < +1] REACTION o
Rt R AQCTIDN . COMPRESSION REACTION V! COMPRESSION REACTION Vi |~ GOMPRESSION REACTION Vi | GOMPRESSION
mLD-DD SHEAR BRACKETS: BLOCK AT BASE SHEAR BRACKE BLOCK AT BASE SHEAR BRACKETS | BLOCK AT BASEOF  SHEAR BRAGKETS ! BLOCK AT BASE
W | OF PANEL OF PANEL {  PANEL ! OF PANEL
REACTION R..: REAGTION Re: REACTICN R..: REACTION R,
SUM OF COMPPRESION SUM OF COMPPRESION SUM OF COMPPRESION SUM OF COMPPRESION
REAGCTION REACTION REAGCTION REACTION
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APPLIED LOAD

T,: HOLD-DOWN APPLIED LOAD P,
ABOVE COMPRESSION AFPLIED LDAD P APPLIED LOAD P: APPLIED LOAD P,
BLOGK ABOVE COMPRESSION COMPRESSION COMPRESSION
BLOCK ABOVE BLOCK ABOVE BLOCK ABOVE
APPLIED LOAD: APPLIED LOAD: APPLIED LOAD: APPLIED LOAD:
(Vas + Vo) 4 (Van + Vonun4 (Vi + Viosm'4 (Vs & Vo)

AFPLIED

APPLIED
AFPFLIED SEAn 1 APPLIED i |
CUM. GRAV REACTION V.. REACTION V... REACTION V.
LoAD SPLINE (ACTIN S AnaY SPLINE (ACTING UM aRAY SPLINE (AGTING P SR
AS HOLD-DOWN) AS HOLD-DOWN)

AS HOLD-DOWN)

APPLIED LOAD V...
ADJAGENT PANEL
SPLINE

APPLIED LOAD W;,-
ADJACENT PANEL
SPLINE

APPLIED LOAD V.,
ADJACENT PAMEL
SPLINE

- A ; 7 ‘_”2\]
REACTION - <] REACTION & - ‘\Z\ REACTION o, “‘“J REACTION o — “‘“', RAEACTION o
R--\ ) REACTION V., COMPRESSION REACTION V.., 1 COMPRESSION REACTION Vs }  COMPRESSION REACTION V,.: :  COMPRESSION
HOLD-DO SHEAR BRACKETS: BLOCK AT BASE SHEAR BRACKETS, BLOCK AT BASE SHEAR BRACKETS | BLOCK ATBASEOF  SHEAR BRACKETS !  BLOCK AT BASE
;\tg\ﬁkh OF PANEL | OF PANEL i PANEL i OF PANEL
AC 1 ; :
REACTION R.: REACTION R.: REACTION R, REACTION R.;
SUM OF COMPPRESION SUM OF COMPPRESION SUM OF COMPPRESION SUM OF COMPPRESION
REACTION REACTION REACTION REACTION

Table 4-4: Panel Loads for “n” panels
Acting Loads x Moment Arm Resisting Loads x Moment Are

Panel 1 to Panel n-1 Vii(Hpaneri) Voptne (Lyanet) + Woanets (Lpanel,i)
) ' T
Panel L -
anein Vf'4 (HpanelA) Tup (Lpanel,i) + Wpanel.4 ( pa;el.l)

From this we can establish that for panels of equal width, carrying equal load, the loads in the spline and the load in
the hold-down will all be roughly equal. Note that this is determined based on the elastic response of the connectors.

Lpane
Vf.spline (Lpanel) = Vf.panel(HPanel) - Wpanel ( Pl;ne )

L
panel
U spline (LPanel)(HPanel) = Uf.panel(LPanel)(HPanel) - Wpaneleanel (T)

WhanetLpane WhanetLpanel
U spline = [vf.panel (HPanel) - (W)] [vf.panel(HPanel) - (w)] /Hpanel

For hold-downs acting at the end of a panel, the loads carried will be effectively the same as the spline load. Lastly,
it should be noted that the spline loads is dependant only on the shear resisted by the shearwall at that level; the
compression bearing at each panel and tension in the hold-down must account for the cumulative overturning in
addition to the shears in the wall in question.

Tf.hold—down = Uspline(Hpanel)

Tf.hold—down = Uspline (Hpanel) + Tf.hold—down.above
Compression loads at the ends of panels can be determined using the same engineering principles of equilibrium by

summing the forces in the vertical direction.

Pf.panel = Wpanel.i + Vspline

panel

L
Pf.panel = Wpanel,i + [Vf.panel (HPanel) - Wpanel (T)]

L l
Pf.panel.end = Wpanel (1 - pa;ne ) + Vf.panel (HPanel) + Pf.panel above.end
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Table 4-5: Shearwall System and Component Loading

Floor Panel Gravity wall wall . Hold- Panel end
Level Height Length Load Shear Shear Spline Load down Axial Load
J g Load Load Load
(kN) (m) (m) (kN/m) (kN) (kN/m)  (kN/m) (kN) (kN)
Level 3 3.8 1.725 7.3 232 33.6 32.0 122 134
Level 2 3.8 1.725 16.0 452 65.5 61.9 357 397
Ground 4.2 1.725 25.1 569 82.4 77.3 681 765

As you can see, the cumulative spline loads down the height of the building are equal the calculated hold-down

loads.

4.5.2  SPLINE DESIGN

A lapped CLT spline with Proprietary self-tapping (STS) screws

Wood Screw between the wall panels is proposed for these shear walls. There
ot - aiy are numerous suppliers for these screws and the specific design
i d values for the screws should be used for the design. (reference
=T==== [E="T"T" commentary for STS design per lag screws). The design is
p—— I — — completed based on 086-19 section 12.6 for lag screws. Note that
clause 12.6.2.1 notes that the grain orientation for CLT should be
= considered the grain orientation of the face laminations.
= — e

Bolt Design Properties — CSA 086-19 CL 12.6.5.1.2

100 x 240 STS screw Side Member - CLT Main Member - CLT

d=10mm t1=245/2=122mm 12 =240-122 =118mm

dshank = 7-2mm G=0.42 G=0.42

fy.screw = 1000 MPa Parallel to grain Parallel to grain
f> = 50G(1 —0.01d,)/, fz = 50G6(1 —0.01d,)]/,
=50(0.42)(1 - 0.01(7.2mm))(0.9) | = 50(0.42)(1 — 0.01(7.2mm))(0.9)
= 17.5 MPa = 17.5 MPa

The 086-19 commentary clause 11.9.2.2 provides guidance on approaches for moderately ductile connections
stating that ductility can be met “..where fasteners develop a single or two plastic hinges...”. Our lap spline

connection will use screws chosen to develop two plastic hinges in the connector.

Fastener Unit Lateral Strength Calculation - CSA 086-19 CL 12.6.5.1.2

a) fidet, -—% E___ 15.47 KN/screw

b) frd:t, *'*—I_T: %—-’ 14.84 KN/screw

c) fmdfi: ym N :; | "‘—%_’ 5.08 KN/screw

d) fldrz[ Mk & 1 ] "_%* 4.95 KN/screw
\Neti+ht i 54
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e) ﬁd’?:(r:_‘_-ﬂ'r:)

5 b N~
f) 24 & —-
fldg\llw'fﬂfl -

KN
Nr = ¢ n, KpKy Ky = 0.6 <3.96m) (1.15)(1.0)(1.0) = 2.73

6.06 KN/screw ‘

3.96 KN/screw GOVERNS

KN

screw
After determining the strength per screw, we can determine the necessary screw spacing and resulting spline

strength.

Table 4-6: Spline Screw strength and Spacing

Level Panel Spline Load Screw Spacing Spline Strength
Height (m) (KN/m) (mm) (KN/m)
Level 3 3.8 32.1 lrow @ 75 36.4
Level 2 3.8 62.7 1row @ 40 68.3
Ground 4.25 78.5 2 rows @ 65 84.0

453 HOLD-DOWN DESIGN

The hold-downs must resist relatively high loads; proprietary hold-downs are not suitable to withstand the design
loads. The proposed custom hold-down uses steel bolts with steel side plates. The guidance provided in the O86-
19 commentary clause 11.9.2.2 notes that “mild steel dowel-type fasteners such as bolts or dowels driven
perpendicular to the face of the CLT panel, that use inserted or side steel plates, and fail in fastener yielding modes
(d), (e), or (g) as specified in Clause 12.4.4.3 can be considered moderately ductile and have a ductility ratio of 3.0 or
more if the fasteners have a slenderness ration t/df > 10. In the ratio, t is the CLT member thickness for the three
member connections where the fasteners develop one-or more plastic hinges per shear plate...in all cases the
fastener diameter should be 19mm or less”.

Bolt Diameter limit t2/10 = 24.5mm > 19mm

Bolt Design Properties — CSA 086-19 CL 12.4.4.3.3
190 ASTM A307 bolts

t,/d = 245/19 = 12.9 > 10 OK

d=19mm
fy = 310 Mpa
fu = 400 MPa

fy-design = average (fy, fu) = 355 MPa

Side Member — 300W Main Member - CLT
t1=4.8mm t2 =245mm
fu =450 MPa G=0.42
Steel side plate Parallel to grain
fsteet = Ksp&fu = 1350 MPa f = 506(1 =0.01d,);
Dwy =50(0.42)(1 — 0.01(7.2mm))(0.9)
= 175 MPa

The design is completed based on 086-19 section 12.4 for bolts. Note that clause 12.4.3.1 notes that the grain
orientation for CLT should be considered based on the orientation of the load relative to the face grain of the CLT.
Fastener Unit Lateral Strength Calculation - CSA 086-19 CL 12.4.4.3.2

Fast + Epp



a) fid:t, *g ;I]—"‘ 123.44 KN/shear plane / bolt

—— 17.46 KN/shear plane / bolt
1
c) St __%__
d) fd o T 5 7% L1 \ — " 32.30 KN/shear plane / bolt
Sl TR AT ?d_.,[ -

g) N P o~ 15.23 KN/shear plane / bolt GOVERNS
h 35 -

KN
Nr = ¢ n, KpK, Krng = 0.8 (15.23 m) (1.15)(1.0)(1.0)(2 shear planes) = 26.12

Screw

086-19 clause 11.9.3.3.3.2 notes that discrete hold-down must resist an additional 20% above the forces it observed
forces in the system.

Table 4-7: Hold-down fastener design

Level Hold-down Hold-down Design Minimum number of
Load (KN) Load (KN) Bolts Required
Level 3 122 146 6
Level 2 360 432 17
Ground 690 828 32
The minimum bolt spacing requirements of 086-19 are:
Table 12.15

Placement of bolts and dowels in a connection loaded parallel to grain
(See Clause 12.4.3.1.)

Symbol Dimension* Minimum spacing

Sp Spacing parallel to grain 4ds

Sa Spacing perpendicular to grain 3dr

a Unloaded end distance parallel to grain Maximum {4d¢, 50 mm}

a Loaded end distance parallel to grain Maximum {5dr, 50 mm}

ep Unloaded edge distance perpendicular to Maximum {1.5d¢, 1/2 Sg}
grain

* dr = nominal diameter of fastener.

086-19 clauses 12.4.4.4 and clause 12.4.4.5 note that row shear and group tear out of connectors are not required
for CLT. It is noted in the commentary that “it is good engineering practice to use larger fastener spacing in

|II

connections to help avoid stress concentrations in small areas of the CLT panel.” The chosen layout for the bolts is

as follows.
Table 4-8: Hold-down Fastener Sspacings
Level Rows Bolts Stiffness of Row Spacing & Spacing Edge Wall Edge
parallel perrow Hold-down End Dist. (mm) btw Rows Dist. Offset
to load Bolts (KN/mm) (mm) (mm) (mm)
Level3 2 3 183 100 60 30 90
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Level2 3 6 549 100 60 30 120

Ground 3 11 1006 100 60 30 120
rHDOFFSET It should be noted, in the absence of test data demonstrating the
—L_ Spaemo necessary ductility where steel tension or bending is included, all steel
ROWS
EDGE I elements should be capacity protected. Additionally, bolts connection
DIST.
é@. o discrete hold-downs between floors, and anchors into concrete
@00 foundations should also be capacity protected. The steel plate and anchors
gl o have not been designed in this example. The steel elements would be
@ 0 B SPACING . . . . .
P . designed following guidance provided in S16 and the concrete anchorage
X] inAniED at the base of the connection would be designed per A23.3.
[ ENDDIST.

4.5.4  BASE SHEAR CONNECTION

“

086-19 Clause 11.9.3.4.1.b notes that energy dissipative connections should be found at “...connections of
shearwalls to foundations, and shearwalls to floors beneath, in uplift only”. As discussed in section 3.3 of this
document, the shear connection is not explicitly noted as requiring capacity protection, further, the commentary
notes that “wall-to-foundation” or “wall-to-floor below” connection can form part of the basis of the dissipating
system. This is discussed in the same section that discusses the use of discrete hold-downs as dissipating
connections. Despite no specific code recommendation, a 20% overstrength has been applied to these discrete base

shear connections in keeping with capacity protection philosophy outlined in 086-19.

Table 4-9: Shearwall Base Shear Design Forces

Design Wall Design Panel
Panel Shear
Level Shear Load Shear
(KN/panel)
(KN) (KN/panel)
Level 3 232 58 70
Level 2 452 113 136
Ground 569 143 171

One typical approach to shear connections at the base of CLT shearwalls is to provide angle bracket connections
with either screws or nails. Custom brackets can be designed in much the same approach outlined in the hold-down
design section, designing fasteners, steel plates, and anchorage where applicable. For this example, we will review
proprietary MTB brackets provided by MTC Solutions. In this case the combined behaviour of the steel plate and

fasteners has been reviewed in physical testing.
Table 1.1, F1 - Factored Lateral Resistance in CLT

Configuration Fasteners Factered Resistance [kM]
Estimated Slip
F1 - Lateral Resistance Modulus
Angle Relative T Quanti (kM { mm]
Bracket | Density ape uantity | sandard Loading Shert Term Loading !
K, =1.0] K, = 1.15]
B0 20 6.7 .7 21
042 Ecalast
(SPF) 4.5 x50
105 26 6.8 T4 31
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It is also important to ensure that the base shear connectors can tolerate the displacement associated with the
rocking behaviour shown in section 4.5.1. The conservative approach taken in this initial shearwall design assumes
the entire load is resisted by the hold-downs whereas in reality, the brackets often have significant uplift resistance.

Design Shear . Offset from panel
Brackets Spacing
Level Per Panel edge
per Panel (mm o/c)
(KN) (mm)
Level 3 70 9 150 275
Level 2 136 18 150 both faces 275
Ground 171 22 150 both faces 125

Determining the vertical load in the brackets is very dependant on the relative stiffness between the splines, the
hold-downs, and the brackets themselves.

4.5.5  CLT PANEL DESIGN

The CLT panels needs to resist both the in-plane loads as well as the compression at the ends of the panels. It should
be noted that Clause 11.9.3.4.2 specifically notes that CLT panels in shearwalls should be capacity designed. This
can be done using either “...the 95 percentile of the ultimate resistance of the energy dissipative connections or
the seismic design force may be determined using R4Ro < 1.3”. The wood design standard does not provide guidance
on determining the 95 percentile of the ultimate strength of any connector types, and the commentary provides
guidance on testing procedures suitable for determining this, but no guidance on actual numbers. In the absence of
test data, or proprietary connectors where this testing has been completed, an approach using the lower R4R, limit
can be used. An effective overstrength factor (OS) can be determined as follows:

_ RIR,) _ (20)(A.5)

0S = = =23
R4R, <13 13

With this overstrength factor, shear loads, and compression loads can be determined based on the initial force
distribution noted in section 3.4.1.

Table 4-10: Shearwall CLT panel loading

Design Wall Wall Shear Load Overstrength Design Overstrength

Level Shear Load w/ Overstrength Shear Per Panel Compression Compression
(KN) (KN) (KN) (KN) (KN)
Roof 232 534 133.5 129 297
Level 3 452 1040 260.0 380 877
Level 2 569 1308 3271 734 1701

4.5.5.1  CLT Axial Design

Compression loads are determined in much the same manner as hold-down loads, except with the OS factor applied
in place of the factor of 1.2 specified for hold-downs

The compression of the panel must be checked for both the bearing and the buckling of the panel. A simple first
check of the bearing can be completed based on a triangular load distribution over half the width of the panel. At
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the base level, the panels rest on the foundation and the parallel to grain bearing governs. For CLT panels, all axial

in-plane loading considers only the resistance of the laminations parallel to grain only.

Panel Axial Strength — 086-19 CL 8.4.5
KH = KSb = KT = 1.0 CL8.3

-013 CL8.455
K, = 6.3( /12reffL) <13=13

K, = 1.15 cL8.3
¢ =08 CL8.4.5.5 FK,C3 1" CL8.4.5.5
K.=[1+————— =10
f. = 19.3MPa 35EosKseKr
L=1mm pr = ¢fc(KDKScKTKH)AeffKZcKc
140mm?
C, = _Le 0004 L8453 _08(19.3 MPa)(1.15) (—) (1.3)(1.0)
V 12reff mm
= 3.231 kN/mm
Perp-to-grain Bearing Strength — 086-19 CL 8.4.7
KH = KSb = KT = 1.0 CL 8.3 qT' = 4)]"6‘17(KDKHKSCKT)AQTOSSKBKZCP CL 8.4.7.2
Kp = 1.15 CcL8.3 245mm?
——  =0.8(5.3 MPa)(1.15) | ——— | (1.0)(1.0
¢ =08 CL8.4.55 ( a)( )( mm >( )(1.0)
fcp = 5.3MPa = 1.195 kN/mm
Kzep = 1.0 CL8.6.7.2
K, = 1.0 CL6.5.6.5

To determine the bearing width over which the bearing occurs we can assume a triangular distribution. It is
important to ensure that the length of bearing does not exceed the distance from the compression face to the
neutral axis. This can conservatively be taken as the mid-point of the panel unless cumulative tension forces are
present.

From the initial force distribution described in section 4.5.2, we can

estimate the bearing profile at the end of each panel to refine the
loads in the splines and hold-downs:

1 W anet
B, Q.= E (prr qr) (%)
‘—?_E?qg?ﬁ— A simple first check of the bearing can be completed similarly to the

approach provided in section 3.4.2 of this document. Note that

\‘\LLL_U\LM although 086-19 does not specifically require the perp-to-grain

BEARING | bearing of the floor panels to be capacity protected, it is good

OFFSET | practice to ensure that the length of bearing for a capacity protected

Pf

load does not exceed the length of the panel.

Table 4-11: Design Panel Overturning Bearing Strength

Design Wall .
Overstrength Compression
Level Shear Load
(KN)
(KN)
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Roof 1031 297 OK
Level 3 1031 877 OK
Level 2 2787 1701 OK

086-19 does not provide guidance on effective widths for consideration when reviewing the buckling of CLT panels
in compression, but it is noted the panel in compression should be capacity protected. An initial check can be
completed based on half the width of the panel, sim the maximum bearing length in consideration. Using the CLT
properties established in section 2.5 we can determine the buckling resistance of the panel in overturning.

Panel Axial Strength — 086-19 CL 8.4.5

Ky =Ky = Kr = 1.0 CL8.3 C - Lo 4200 CL8.4.5.3
Kp = 1.15 CL8.3 ¢ V1Zr,;  V12(78.9mm)
¢ =08 CL8.4.5.5 =15 < 43
f. = 19.3MPa
X e3( iz 1 ~013  CL8.4.5.5
ze = = (\/ Terf ) B = ¢f.(KpKscKrKy)Aes Kz oK, CL8.4.5.5
=103 <13 = 0.8(19.3 MPa)(1.15)(140000mm?)(1.03)(0.8) P, > P;
p [1 E.K,,C3 ]-1 CL8.455 = 20485kN oK
= E i am—
=0.8 Pr—half—panel- =5 2
1.725m
— 2048.5 kN/m ( g )

=1766.9 kN

4,5.5.2  CLT Shear Design

The in-plane shear strength of a CLT panel should be determined based on the in-plane shear strength values
provided by suppliers in their product specifications. Table 3 of Structurlam’s PRG 320 product specification provides
the in-plane shear strength for a similar panel the walls panels in this example. The tabulated values are intended
for use with the full thickness of the CLT panel with the shear direction 0 or 90 used in the direction of applied load.
It is important to check both the floors panel and the wall panel to ensure review if the length of the connection
between the wall and the floor needs to exceed the length of the wall.
In-Plane Shear Strength — Wall Panel

Fv,,e,o = 34 MPa \Vr—CLT = ¢ﬁ;(KDKSvKT)E(Lpaneltpanel)

F,e00 = 3.7 MPa 3

K, = 115 =0.9(3.7MPa)(1.15) (g) (1725 x 245) = 1078.9 KN

Lpanet = 1725mm

tpanet = 245mm
In-Plane Shear Strength — Floor Panel

Fyeo = 2.5MPa . 2
F:::fo — 3.7 MPa Vr—CLT = ¢ﬁ;(KDKSvKT)§(Lpaneltpanel)

2
K, =1.15 = 0.9(3.7 MPa)(1.15) (g) (1725 x 105) = 462.4 KN
Lpanet = 1725mm

tpanet = 105mm
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Table 4-12: Shearwall Panel shear strength review

Shear
Shear Strength of Shear Strength of
Overstrength Shear Strength
Level Wall Panel Floor Panel
Per Panel (kN/panel) greater than
(kN/panel) (kN/panel)
Shear Load
Roof 133.5 1078.9 462.4 OK
Level 3 260.0 1078.9 462.4 OK
Level 2 327.1 1078.9 462.4 OK

4.6 Diaphragm Design

Like the shearwall design, the diaphragm design is done using the envelope distribution determined in section 3.4.1.
Taking the governing loads determined for both the flexible and rigid diaphragms we can establish an approximate
diaphragm load distribution diagram. From here we can design the diaphragm splines, chords, and drags, all of which

must be capacity designed.
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| | | | |
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From this we can determine worst case diaphragm loads based on the storey shears previously established

Table 4-13: Diaphragm Spline Design Loads

Level Storey Shear NBCC CL Diaphragm Diaphragm
Shear at SW3
W,H, 4.1.8.15.1b) Length Shear
Fs = VZ W.H fo-diaph-max
it Fs (kN) I-x-diaph Vix-diaph-max
(kN) (kN) (m) (kN/m)
Roof 611 1497/3=499 238 54 4.4
Level 3 579 499 226 54 4.2
Level 2 307 499 195 54 3.6
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4.6.1  SPLINES

MNails The diaphragm will be designed using plywood splines with

f‘-‘ \_‘y . . . . 5
Pywood or LV~ nails in shear. The design is completed based on 086-19
section 12.9 for nails and spikes. Note that the calculation for
cLr IIW = CLTIIW the lateral strength of these small diameter fasteners are not
—Te——T— e —— impacted by the grain orientation of the connection. The
strength of the nails can be calculated using similar lateral

e ] ] e

strength resistance calculations per clause 12.9.3.2 or the nail
selection tables in the Wood Design Manual. Here the nail
selection tables are used.

| ] ] ] |

Nail & Side Plate

d=5.26mmg@ N'.n; = 0.816 KN /nail N, =N nK'J =

L= 4.5in (114.3mm) Je=Ja=Jg =10 = (0.816 KN /nail)(1.15)(1.3)
18.5mm DFP plywood Jp =13 = 1.22KN /nail

245mm S-P-F CLT Kp = 1.15

Penetration = 93.8mm > min pen Ksp =Ky =10

From there we can determine the nail spacing required to provide a capacity protected diaphragm spline connection.
We will also provide minimum nail spacings like the diaphragm options outlined in the plywood diaphragm in the
Diaphragm Selection Tables in the Wood Design Manual.

Table 4-14: Diaphragm Spline Connector Design

Level Vix-diaph Vix-diaph-0s Max Nail Spacing Chosen Nail Spacing
(KN/m) (KN/m) (mm) (mm)
Roof 4.4 10.1 120mm 100mm
Level 3 4.2 9.6 125mm 100mm
Level 2 3.6 8.3 135mm 100mm

4.6.2 CHORDS

The chord forces can be determined by treating the Diaphragm like a deep beam and determining the Moment and
therefore tension and compression forces at the extremities. Once we know the tension and compression forces,
we can design the chord and its connection to the CLT diaphragm
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Table 4-15: Diaphragm Chord Design Loads
Level Peak Length in Diaphragm Length in Chord Force Overstrength conn.
Diaph X-dir Moment y-dir Chord Force Force
Shear o VLL,ZC Csr,=Mp,/d,
fo Lx fx = 6 dy (KN) Cfx.OS' fo.OS
(KN) (m) (KNm) (m) (KN) (KN/m)
Roof 238 10.75 4584.0 54 84.9 195.3 18.2
Level 3 226 10.75 4352.9 54 80.6 185.4 17.2
Level 2 195 10.75 3755.8 54 69.6 160.0 14.9

Steel perimeter angles will be used as the chord members.

We can assume the chords are fully braced for

compression due to continuous screwed connections along the length of the angle. The steel angle would likely also

require splicing along it’s length to accommodate shipping and fabrication; the design of theses steel splices would

be completed with welds or bolts per S16-19; the design of these steel elements is not reviewed here.

The Angle size will likely be governed by the

screw size requirements as well as whatever

depth is required to provide closure to
concrete toppings poured on the CLT. The
strength of the angle is not reviewed here, but
would be designed per the steel design

standard, S16.

For the purpose of the

calculations, a L76X76X6.4 has been chosen.

“_i_.-.v.-.-:_“l;::::f-:_:“"::: =1=

CONT. PERIMETER EDGE

AMGLE AS PER PLAN

SCRAEWED
COMMECTION
TOCLT
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The screwed connection to the steel is designed in the same manner as any other screwed connection. In this case
we will look at typical wood screws as discussed in 086-19 section 12.11. As these connections are capacity
protected, there is no need to ensure a specific yield mode for the screws. As the screws are connected in to CLT,
there is no need to review row shear or group tear out in the wall as discussed in section 3.5.6 of this document. For
simplicity, the Screw Selection Tables in the Wood Design Manual have been used to select the screws.

Wood Screw & Side Plate N',.ns = 1.57 KN /screw N, = N'.n,K’
10 Ga Screw x 3” long K¢ =Kr =10 = (1.57 KN/screw)(1.15)
4.8mm thick A36 steel K, = 1.15 = 1.81KN/screw

245mm E1 CLT
Penetration = 71.4mm > min pen

Table 4-16: Diaphragm Screwed Connection

Level t¢/ Cix-diaph-capacity Max Screw Spacing Chosen Screw Spacing
(KN/m) (mm) (mm)
Roof 18.2 100mm 100mm
Level 3 17.2 105mm 100mm
Level 2 14.9 122mm 100mm

4.6.3 DIAPHRAGM-TO-SHEARWALL CONNECTIONS

Diaphragm-to-shearwall connections and drag connection in diaphragms are also similarly required to be capacity
protected. Refer to the shearwall design section 4.5 for the calculation of the capacity protected load per panel

For this example, we will use custom angles with screws, like the diaphragm chord connection. We will look to use
larger diameter SFS screws to achieve the relative high capacity protected design loads. The connection into the
walls is based on the perpendicular to grain.

Screw — 100 x 160 STS screw
d=10mm

dshank = 7.2mm

f, screw= 1000 MPa

Side Member - Steel Plate

t1=4.8mm
—_— _ s\ .
=T= fi=3|—)f.= 1800 MPa
o
Main Member - CLT
G=0.42
t2 =155

Perp-to grain
f2=22G(1-0.01d,) = 8.6 MPa

Using the same lateral strength calculations discussed in section 3.5.4 of this design example. The results are as
follows:

<2 fa &>=3.91KN/screw

T :fld]% §f1 +fh
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KN
screw

KN
Nr = ¢n, KpK, Ky = 0.6 (3.91ﬁ) (1.15)(1.0)(1.0) = 2.70

We also need to consider minimum screw spacings based on both the lag screw provisions and the proprietary screw
spacing requirements from the supplier. From this we can determine the design connection between the actual
screwed connection.

Table 4-17: Diaphragm to Shearwall Connection Design

Capacity Protected Min Screw Spacing Actual Screw Spacing
Level Panel Shear (mm) (mm)
(KN/panel)
Roof 133.5 1 side, 2 rows @ 69mm 1 side, 2 rows @ 65mm
Level 3 260.0 Both sides, 2 rows @ 71mm Both sides, 2 rows @ 65mm
Level 2 327.1 Both sides, 2 rows @ 57mm Both sides, 2 rows @ 50mm

Note that where connections are required on both sides of the walls a drag element would be required where the
wall is adjacent to an opening (like an elevator opening). In these cases, an angle could be connected to the wall
within the opening, and then extend beyond the wall on either side to accommodate a connection to the diaphragm
beyond.

4.6.4 DIAPHRAGM DEFLECTION

The Wood Standard 086-19 commentary discusses diaphragms and notes that for large diaphragms diaphragm
deflections would likely need to be determined as CLT diaphragms do not act as purely rigid. Although the diaphragm
spans in this building are relatively well below the 100ft spans mentioned in the commentary, they will be
commented on here.

Both the 086-19 diaphragm deflection calculation method blocked plywood shearwalls which is outlined in CSA 086-
19 CL 11.7.2 as follows:

Agiapn = SvL3 vL 0.00061Le,, Y(xAL)
96EAW 4B, 2w
Chord Panel Fastener Slip Chord
Elongation = Deformation Joint Slip

Note that this provision is based on a simple span diaphragm. A similar equation is provided for shearwall deflection
in CSA 086-19 CL 11.7.1 as follows:

Dgigpn = 2vH? vL 0.00025Le, &Z(m )
3EAL, B, Lg ¢
Chord Panel Fastener Slip Chord Joint
Elongation Deformation Slip

The American Technical Council (ATC) 7 Guidelines for the Design of Horizontal Wood Diaphragms further breaks
down each of the components of the diaphragm specifically outlining the approach for determining the panel slip
based on typical plywood panel sizes.
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1,1
c =(P_LJ;E): (ﬁzﬁ):o.ooom

These can be modified for to be used for calculation of CLT diaphragm deflections. WoodWorks USA has published

diaphragm deflection calculation methods based on this approach.

Adiaph simple 5vL? vL ( 1 + 1 ) 2 Z ( PL
' YT P, " B,) (0.013vs *EA
96EAW Y P hy SN EA)
efftv 2 L d]g W
Adiaph.cantlv 2vL? vL l + i 2 Z x ﬂ
3EAW 2G5t (PL PW) 0.013vs M
2 d} w
Chord Panel Deformation. Fastener Slip, based on Chord Joint Slip. Elongation
Elongation Stiffness provided the nailing in the splines in the steel chord + slip in
based on the by the supplier (086-19 CLA.11.7 bolted connections per joint
stiffness of the & ATC-7) and the total number of CLT
outer foot of joints
the panel

Note that is this case there are continuous panels over the length of the cantilevered diaphragm allowing for the use
of the greater of either the panel elongation or the steel chord elongation. The calculation of the deflection of the
cantilevered deflection is as follows:

Panel vl® 2(4.4 N/mm)(10750mm)3 _ 0275 GOVERNS
Elongation 3EAW _ 3(11700 MPa)(300x35x2)(54000mm) < >
Chord 2vL3 2(4.4 N/mm)(10750mm)3
) = = 0.364mm
Elongation 3EAW _ 3(200000 MPa)(927)(54000mm)
Panel Shear vL (4.4 N/mm)(10750mm)
= = 1.13mm

deformation | 2Gert,  2(200MPa)(105mm)

Fastener Slip ( 1

1 1 1
—_ —_ 2
P, + P, )L 0.013vs _ (3000 10750 ) 10750 (0.013(10.1)(100))2 — 0.52mm
2 d}% 2 5.262 '
Chord Slip y (x %) no CLT joints in cantilevered portion of the diaphragm in question
T = 0mm

Adiaph =1.93mm

4.7 CLT Shearwall Modeling

The hand calculation method provided includes several simplifications, including summation of the moment at the
tip of the panel. Modeling the shearwall can be used to verify the connection design. It is also a critical element to
determine the drift of the lateral system, as detailed calculations including all the deformations of each element
would be very complex by hand. It can also be used to refine the connection design in the splines, hold-downs, and
brackets. It is critical to model all the dissipating elements and any elements required to deform elastically as springs.
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4.7.1  CONNECTION STIFFNESS

Determining the spring stiffnesses of each connector is critical as most of the drift in the system is determined by
the deformation in the connectors, as the panels are comparatively very stiff. Proprietary connectors will generally
provide stiffnesses or expected deformations that can be used in modeling. For custom connections like the hold-
down or the splines in this example, the stiffnesses can be determined based on the provisions laid out in the CLT

guide from FP Innovations.

COMPRESSION

ONLY LINE
SUPPORT
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‘T-HEEEH

COMPRESSION

ONLY LINE
SUPPORT

Table 1 Elastic stiffness of timber-to-timber and wood-based panel-to-timber connections
per shear plane per fastener (N/mm)
Fastener type Kser K
Dowels
Bolts with or without clearance * 15
Pm_d 14706'%d
Screws 23
Nails (with pre-drilling)
1 Sdl.\.ﬂ
Nails (without pre-drilling) p"‘%_o 1125G'5d"*#
Split-ring connectors type A according to EN 912 Pmd. 520Gd
Shear-plate connector type B according to EN 912 2 £

* The clearance should be added separately to the deformation.

Pm = \Pm1 " Pm2

For steel-to-timber or concrete-to-timber connections, the slip modulus, Ks.., should be based on

pm for the wood member and may be multiplied by 2.0.

4.7.1.1  Spline Stiffness

The spline stiffnesses in this system are developed based on the density of the CLT panels, and the diameter of the

screws used as outlined in Table 1 from the FP Innovations guide.

Koerew = 1470 G15dg = 1470 (0.42)15(7.2) = 2880 N/mm/screw
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Table 4-18: Spline Stiffness Summary

Level Panel Spline Load Screw Spacing Screw Stiffness
Height (m) (KN/m) (mm) (N/mm / m)
Level 3 3.8 32.1 lrow @ 75 38,400
Level 2 3.8 62.7 1row @ 40 72,000
Ground 4.25 78.5 2 rows @ 65 88,615

4.7.1.2 Hold-down Stiffness

Using the connector stiffness equations previously provided, a summary of the stiffness of the dowel connections at
each level are provided based on the same fastener stiffness calculations provided for the spline stiffness. Note that
because the face plates are steel in this case, calculation is multiplied by 2.

Kpore = 2(1470 G>dgng) = 2(1470 (0.42)5(7.2)(2 shear planes)) = 30489 N/mm/bolt

Table 4-19: Hold-down Stiffness

Level Rows Bolts perrow  Bolt Stiffness
Kpores (KN/mm)
Level 3 2 3 183
Level2 3 6 549
Ground 3 12 1098
Table 4-20

Additionally, the behaviour of the steel plates and anchors will also contribute to the stiffness of the hold-down and
should considered. The stiffness contribution of these elements should be considered based on engineering
mechanics with the overall stiffness established using the combined springs in series:

1 1 1 1 -
+

Kh =
olddown
Kbolts Kplate elogation Kplate.bending Kanchor.elongation

4713 Bracket Stiffness

Given the base connection brackets are proprietary, the supplier has provided the stiffness of the connector in shear
and uplift. Although the initial Design outlined in section 4.5 ignores the uplift resistance strength of the brackets,
they should be accounted for in the more detailed model. It is important to review the load and/or deflection of the
brackets in uplift to ensure that they can tolerate the deformation of the system.

Table 1.1, F1 - Factored Lateral Resistance in CLT

Conflguration Fasteners Factored Resistance [kM]
ST Estimated Slip
— p - Lateral Resistance Modul
Angle | Relative | Quantit [MS -'L:nur:]
- g = = Bracket Density ype antry Standard Loading Short Term Loading
ﬁ K, =1.00 K, = 1.15]
- a0 20 6.7 1.7 R
- - 0.42 Ecofas!
[SFF) | 4.5x50
105 26 6.8 T i1
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Table 2.1, F4 - Factored Uplift Resistance in CLT

Configuration Fasteners Factored Resistance [KM]
F4 it Resi Estimated Slip
. - Upli sistance Modulus
+ Angle Relative Ty Quantity [kMN / mm)
| Bracket Dansity pe Standard Loading Short Term Loading
K, = 1.1 K, = 1.15]
a0 20 5.3 T2 54
0.42 Ecofast
i5PF) | 4550
108 26 6.0 6.9 43

Form this, and the bracket spacing information provided in section 3.5.5 of this document we can model each bracket
in the system or smear the brackets over a line to create a line spring.

Table 4-21: Bracket Connection Stiffness

L P  Brackets per Panel @ Offset from panel edge Shear Stiffness of Uplift Stiffness of
e a base (mm) Brackets Brackets
V n (kN/mm/m) (kN/mm/m)
e e
[
L
e
n
g
t
h
(
m
m
)
R 1 9 275 23.7 329
o 7
o 2
f 5
L 1 18 275 47.4 63.8
e 7
v 2
e 5
|
3
L 1 22 125 57.9 78.0
e 7
v 2
e 5
|
2

Fast + Epp



4.7.2

MODEL IMPLIMENTATION

Finite Element Modeling is a useful tool to check the load distribution does not exceed any of the design forces

established, check the deflection of the system, and where desired, iterate to a more efficient design. The panels

are modeled as shell elements with the in-plane stiffness properties associated with the 7 ply panels in use. The

initial loads provide a starting point for design, but it should be noted that several things will affect the actual load

distribution. The resultant model can be expected to have somewhat different load distributions than the initial
design forces determined in section 3.5.2.

Shearwall
Panels

Floor Panels
between levels

Splines

Shear
at base

Brackets

Shear
between floors

Brackets

Hold-downs at
base

Hold-downs
between levels

Shear panels are modeled as orthotropic laminated shell elements with the properties
associated with the panels in question. It is often acceptable to model these as rigid shell
elements as discussed in the 086-19 commentary

Floor panels are modeled as isotropic shell elements with properties based on the
perpendicular to grain stiffnesses of CLT (Eparaiiel/30)

Splines are modeled as releases between panel elements with a spring stiffness along the
length of the line

Shear brackets at the base as a non-linear line support that is rigid in compression
(perpendicular to the line) and assigned a linear stiffness associated with the brackets in use
in tension (perpendicular to the line) and shear (along the line)

Shear brackets between floors are modeled as a non-linear line release that is rigid in
compression (perpendicular to the line) and assigned a linear stiffness associated with the
brackets in use in tension (perpendicular to the line) and shear (along the line). Note that this
should include the brackets at the base of the walls to the floors below, and the brackets from
the floors to the walls below as outlined in the diaphragm design section (section 4.7.3)
Hold-downs at the base of the wall are modeled as a point support with a linear spring stiffness
per the established spring stiffness.

Hold-downs between floors are modeled as steel elements with axial releases with linear
springs corresponding to the hold-down stiffness established at each end.

Gravity and lateral line loads are applied at the top of each wall panel. The loads represent the line loads for the

wall in question determined in section 3.4 of this document

CO 1: 1D+1Lat
Loads [kN/m]

In Y-direction
3.200 3.200 3.200 3.200
: .2 T T 3 u + 1
h 4 b ¥ ¥ b 4 h & v ¥
33:660———38:6801 | — 331
4500 "] 4500 *] 450 ™ 4500
L
R —F
4500 7| 450 7| 4500 7| 4500
ST T S T
+6:9000r—REIO0E 6 5 L F—
= « o -
:. e o e o
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For this model, the non-linear line springs associated with the bracket connections include both the stiffness of the
brackets as well as the stiffness of the capacity protected connection to minimize the number of non-linear
connections in the model (ie. simplifying the model). These are calculated using springs in series approach, similar
to the discussion in the Hold-down stiffness section.

1 1 -1

Kshear.conn = K K
wall.base.brackets top.fo.wall.connection

4.7.3  MODEL RESULTS

After running the model, we can look at the deformed shape as well as the overall deflection to determine if the wall
is behaviour as it should, and to determine if the deflection is within allowable limits. The model clearly shows
rocking behaviour between panels as well as uplift at panel ends between floors. This type of review is crucial to
confirm that the model behaviour is as we would expect.

473.1 Drift and Deformation Checks

We can also review the drift of the building. The drift shown
above is the total movement, not the horizontal movement.

Exporting the horizontal movement, we can see a horizontal
drift of 20.5mm, which is well within the limits for drift
outlined in the NBCC.

R,R
Dgrife (%) = 27.2mm(3.0) = 81.6mm
e

Ajimic= 2.5%(H) = 2.5%(11800mm) = 295mm

Agrife = 82mm < Aypie= 295 mm

The global drift of the system clearly shows uplift at the entirety of the outermost panel. This can be worth exploring
where modeling shows uplift in entire panels, which can limit the effectiveness of the CLT brackets or when the
flexural limit of 30% of the total drift as discussed in section 4.2 is exceeded. In this case the total vertical
deformation can be reviewed to determine the deformation associate with flexural behaviour of the wall.
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11.800

From this we can see the cumulative elongation of the
wall is 7.5mm. Taking the shearwall deflection
formulation provided in 086-19 Clase 11.7.1.2, we can
approximate the cumulative elongation of the wall with
the portion of the deflection associated with the hold-
down elongation (da)

H 11.8m
Ariexurai= L—S = Com (7.5mm) = 1.7(7.5mm)
s .
=12.75mm

Apiexural _ 12.75mm =0.46 > 0.30
Dgrife 27.2mm ' .

Fails flexural requirements.

4.7.3.2  Spline and Hold-down Review

We can also review the reactions at the base of the panels, the loads in the splines and hold-downs, and the
deformation requirements for the base shear brackets to ensure they are all within design limits for the system

245.59

109.51

467.18 |-s0.

-51.42
-4.32

120.58

153.22

218.66

'3.49

Table 4-22: Spline Strength Comparison

Spline Spline Spline Model
Level Strength Strength Load
(KN/m) (KN) (KN)
Level 3 36.4 140 153.9 9% over
Level 2 68.3 260 180.1 OK
Ground 84.0 353 241.3 OK

The splines at the upper level will need to be re-designed for the higher
load case, but all the other splines are within design limits.

Table 4-23: Hold-down strength Comparison

Hold-down
Hold- Hold-down
. Model Load
Level down Load Design Load (KN)
(KN) (KN)
Level 3 122 146 91 OK
Level 2 360 432 246 OK
Ground 690 828 467 OK

The hold-downs are within design limits

Once the re-design of the splines at the upper levels is complete, it would be possible to re-iterate the spline and
hold-down design to reduce the over capacity currently in the design. This would require the model the be updated
for the new stiffnesses to verify the final conditions in the model.
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4,733 Bracket Review

The base shear connections also need to be reviewed for both the shear load distribution between panels, as well
as the uplift deformation to ensure that the brackets are not failing in uplift. We also need to review and confirm
the shear loads in the brackets are within tolerances:

. By taking the shear loads observed in the model and increasing them
;3.20 1. by 20% we can determine if the strength of the shear brackets is
] sufficient
Table 4-24: Bracket Shear Design Comparison
Level Brackets Panel Model Design
per Bracket Panel Panel
Panel Shear Shear Shear
Strength (KN) (KN)
7 (KN)
1 Lo Roof 9 71.1 61.7 741 4% over
. Level 3 18 142.2 121.6 145.9 3% over
— Level 2 22 173.8 147.8 177.4 2% over
: s idjl) EE Based on the load distribution between panels, some of the panel
. ., Cii . shear connections are slightly under designed and could have
—|[M: 0.000 kNm

additional brackets added to accommodate the model loading.

It is also critical to review the uplift experienced by the brackets and to complete and interaction check of the
brackets. It should be noted that the fact that entire panel lengths appear to be in uplift is an early warning that the

uplift capacity of the brackets may not be sufficient.
Table 4-25: Bracket uplift design comparison

Level Panel Bracket Model Panel Panel Bracket Model Panel Tf/Tr + VE/Vr
Uplift Strength Uplift Sheat Strength Shear
(kN) (KN) (kN) (KN)

Roof 62.1 36.5 71.1 61.7 145%
Level 124.2 129.4 142.2 121.6 190%

3
Level 151.8 2334 173.8 147.8 239%

2

Note that providing brackets with vertically slipped connections is one way to avoid the over-capacity found in the
above model. Alternately, increasing the number of shear connection can achieve the same behaviour.

4,7.3.4 Panel Review

It is important to also review the strength of the panels in compression for both buckling and bearing. Provided that
the shear distribution was not significantly different than that found in the original design, it should not be needed
to review the panel shear specifically. The model can provide us with the gravity loads in the releases and support.
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142.19

11644/ %] 97

=
N
&
3

241.32

rr ¥ T BT T 9
>
XL T _ 1 & T T 1

At 5 L * ¥

5.48 747

A
324.19

950.92

349

Based on the load distribution we can see that in this load
combination the outermost panel is taking the majority of the
bearing over the height of the building, with limited or no bearing,
depending on the level, or panels at the uplift end of the wall. This
highlights that we may have a concern for compression in bearing or
buckling.

If we first review the bearing per section 3.5.6 of this document
Prparaner = Pfe(KpKuKscKr)Aparauer = 2472.96KN /m
Prpase = 950.92 KN/m

Pf.OS—base = 2-3(Pf.base) =2187KN/m < Pr.parallel OK

Prperp = ¢fc(KDKHKScKT)AgrossKB =1373.8KN/m
Prpase = 467.8KN/m
Pros—pbase = 2.3(P.pase) = 1076 KN/m < P e,y OK

Buckling per section 3.5.6 of this document also outlines the buckling
strength

P = ¢f(KpKscKrKy)AepsKz K. = 2048.5 KN/m

Pf—edge panel = 801 KN

Pr_os = 2.3(Pr—cage paner) = 1842 KN /panel < Pr(LPanel)

Note: bearing is distributed over the full length of the panel, so we have taken the full width in this case

4.7.3.5 Next Steps

The modeled results clearly show that although the initial design provides an initial estimate of the design of the

system, a detailed model is required to accurately establish that all the criteria outlined in Clause 11.9 of CSA 086-

19 are met. In this example further iteration of the design is required to meet the flexural deformation limits as well

as the bracket shear and tension interaction.

To accommodate the flexural requirements and the bracket strength requirements, a first step might be to increase

the strength and stiffness of the hold-downs; this would decrease the overall vertical deformation in the system,

both decreasing the flexural deformation, and decreasing the uplift demand on the brackets. Additionally, it may be

possible to achieve the a change in behaviour by decreasing the stiffness of the splines. Typically, decreasing spline

stiffnesses (and associated strengths) will allow more rocking behaviour and a better distribution of loads. This

tuning exercise is not undertaken in this design example.
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Mass TimberIow-Rise Commercial

Block #1 ProjectIdentification

NBC 2015 Analysis

3.2.2.60 Group D, Up To 3 Storeys

3.2.2.66 Group E Up To 3 Storeys

Project Name:

Useage:

First Storey Retail, Second and
Third storey Office

Code Classifica tions:

Group E(Merchantie)
Group D (Office / Personal Services)

Sprinklered (Y/N): No
Sto re ys: 3
Max Building Area: Facing 1 Street: 1,600 m2
Facing 2 Streets: 2,000 m2
Facing 3 Streets: 2,400 m2
Construc tion: Combustble
FoorAssemblies: 45 min FRR
Me zzanine s: 45 min FRR
Roof Assemblies: 45 min FRR
Ioadbearng Walls, 45 mmkF)RRti(l))Iie
Columns and Arches: noncombus
const.

3.2.2.61 Group D, Up To 3 Storeys, Sprinklered

Sprinklered (Y/N): No
Sto re ys: 3
Max Building Area (m2): Facing 1 Street: 800 m2
Facing 2 Streets: 1,000 m2
Facing 3 Streets: 1,500 m2
Construc tion: Combustble
FoorAssemblies: 45 min FRR
Me zzanine s: 45 min FRR
Roof Assemblies: 45 min FRR
Ioadbearing Walls, 45 mmll)‘RRt;:ie
Columns and Arches: noncombus
const.

3.2.2.67 Group D, Up To 3 Storeys, Sprinklered

Numberof Storeys: 3 Footprnt: 15,945 sf 1,481 m2
Struc tura 1 Sy stem: Glulam Postand Beam, CLTIateral System, CLTFo o r System
Block #2 ProjectDescription
Building Size: 47,835 sf 4,443 m2 Building heig ht: 3 Storeys
Fire Ra ting : 45 min Maximum footprint: Unsprinklered: 1,500 m2
Sprinklered : 4,800 m2

Roofloading and deflection:

Dead Ioad=1.5 KPa Floorloading and

deflection:
Snow Ioad=2.3 Kpa
Snow Lo ad Defleetio n=1/240

Dtalload Deflection=1/180

Dead Ioad=3.0 KPa
Live Inad=2.4 Kpa
TLive Load Defledtio n=1/420

B talload Deflection=1/180

Structual system descrp tion:

Panel-Putlin System, 25'x 30" typicalbay

SFRS Descrip tion (indicate RARo factorused):

CLTShearwalls - Rd=2.0, Ro=1.5

Site Class

Sprinklered (Y/N): Yes

Store ys: 3

Max Building Area (m2): 4,800 m2

Construc tion: Combustble

Fo orAsse mblies: 45 min FRR

Me zza nine s: 45 min FRR

Ioadbearng Walls, o mmﬁ;ﬁ

Columns and Asches: g e o mpgustio ke
const.

Sprinklered (Y/N): Yes

Store ys: 3

Max Building Area (m2): 4,800 m2

Construc tion: Combustble

FoorAssembles: 45 min FRR

Me zzanine s: 45 min FRR

Ioadbearing Walls, 45 mmtI:RRﬁ(;)I]‘e

Columns and Arches: e e
const.

a|

d  Fast+ Epp

architeciure + desian

CWC Low-Rise Commercial Wood Building Initiative
Mass Timber Sysfem No.1: Panel Floor / Purlin / Beam

Review 2019-08-23

Project Description & Code Analysis

00



= -l

i 7 ||‘ 5

ml A ﬁ Im!
| D i _— i
| E: \
R ——————

| | 1
| |
.

—— )

allk|a Fast + Epp

architeciure + design

CWC Low-Rise Commercial Wood Building Initiative
Mass Timber Sysfem No.1: Panel Floor / Purlin / Beam

O]



54000

I 1772 |

330 7620 7620 7620 7620 7620 7620 7620 330

[ kﬁsw‘] [25-0"] [25'-0"] [25'-0"] [25-0"] [25-0"] [25'-0"] =17
53340

[175-0"]

SIMPSON STRONG TIE
LST173 STRAP TIE

_:f:t = :L:;—.b::(;i;i;—_%::_t = S e g s e s S g S e ;1;@

305

——— —— — —— . —— — — — —— — S S S | N S N — — e e —— —

Columrs, typ.
SPF 20f-E 3152342

AN Purling @ 100" o.c. vp.
3 3048 SPF 20RE 265x418
32 [10-0"]
|8
D, Bearns @ Boy Ends
S T TS === e s ooy et~ s s o e e SPF20LE 175x722

Foor Parel
3-Fly CLT 105v typ.

@ B l == ——— ::::i: = %;::,W?::Tﬁ "::::::::i:::::':#‘za{;:::::::”:: %\ . s e sl

[
[l
'l
I
Il
'l
| ]
[l
||
1T
Il
— 1r — =
[
| |
A
[l
[l
[l
I
[
[l
Il
[l
11
— 1 - — =
Il
[
[
[
| |
|
[
|
[l
[
[
| L
—

Shearwall
SPly CLT 13%v typ.

27432

[90%-0"]
26822
[88'-0"]

Swi

[28'-0"]

Begring Waol : l
5Py CLT 129w e

LSV
o
[
|d
'l
N
'l
I
||
I

—
1T
Il
|
Il
[l
||

N 4
[
[
[l
I

I
L — l Exterior Envelope:
e — = T T T Siding QOwer Exterior Insulation
I
I

9144
[30'-0"]

‘ - Exterior Envelope

\ A Window Wall or Curtgin Wl
S —— \o/

EXTERIOR ENVELOPE: SIMPSON STRONG TIE
WINDOW WALL OR CURTAIN WALL LST173 STRAP TIE

305

@_7 il :—::;:EZ‘TL;;::;;::; e e et e :,BJ—?;:_ et | I C)

@) (@) © %) @)

Review 2019-08-23

Plan showing Typ. Floor Framing Above |(2

d d Fast + Epp CWC Low-Rise Commercial Wood Building Inifiative
archifecture + design Mass Timber System No.1: Panel Floor / Purlin / Beam



305

9144
[30-0"]

27432
[90%-0"]

8534
280

9144
[30'-0"]

26822
[88'-0"]

7620 7620 7620

7620

7620
kﬁstm] [25-0"] [25'0"] [250"]

[25'-0"]

SIMPSON STRONG TIE
LST173 STRAP TIE

305

o

W1

Swi

Begring Waol
5Py CLT 129w e

S——l=———=—r=—ax—
w
o
&
©

SIMPSON STRONG TIE

S = = —======F— ——=—— === ===—ft———— — == ———=
‘ 2440 2440
(6-0"] (80
|
|

Columrs, typ.
SPF 20f-E 3152342

Puriing @ 100" o.c. yp.
5PF 20f-E 2152380

Bearns @ Boy Ends
SPF 20f-E 175x444

Foor Parel
3-Fly CLT 105v typ.

Beams @ 250" o.¢. typ.
SPF 20F-E 315x444

Shearwall
SPly CLT 13%v typ.

Exterior Envelope
Window Wall or Curtain Wall

Exterior Envelope:
Siding Ower Exterior [nsulation

LST173 STRAP TIE

d|l<|d

architeciure + design

Fast + Epp

CWC Low-Rise Commercial Wood Building Initiative
Mass Timber Sysfem No.1: Panel Floor / Purlin / Beam

Review 2019-08-23

Plan Showing Roof Framing Above

03



@

7620
[25'-0"]

SIMPSON STRONG TIE
LST173 STRAP TIE

@)

7620
[25'-0"]

®
54000

[177'-2"]

7620
[25'-0"]

53340
[175'-0"]

7620
[25'-0"]

@)

7620
[25'-0"]

7620
25'-0"]

Purlin $pacing Below

SIMPSON STRONG TIE
LST173 STRAP TIE

r

i

—®

04

Roof Plan

Review 2019-08-23

CWC Low-Rise Commercial Wood Building Initiative
Mass Timber Sysfem No.1: Panel Floor / Purlin / Beam

Fast + Epp

d

d



o1 % 02 03 04 06 07 08

r— 0 — T T/

-
-
}

TR A0\ Mass Timber Sysfem No.1: Panel Floor / Purlin / Beam

| _o-. = i
@ E/W Building Section
A B @ D

|

l

1 T :

@ N/S Building Section
! ) i . . . . . . Review 2019-U8-23
all<la Fast + Epp CWC Low-Rise Commercial Wood Building Inifiative Building Sections ‘ 05



3835
[1 2|_7 ||]

12192
[40“0“]

3455
[(11'-4"]1 2733
[9I_OII]

T T T T ||
\HHH\HHH\H\HHHH\H\HHHH\HHH\H\HHHHHHHHHHHHH\H

2 3835
3417 [12|_7|l]

©

2695 [11'-3"]
[8-10"]

= : = : = - N

=

= ~ —— - 7 !
T L T T T T

@ E/W Wall Section

SRS = i = — I T -

@ N/S Wall Section

d|“|d Fast+Epp

architeciure + design

CWC Low-Rise Commercial Wood Building Initiative
Mass Timber Sysfem No.1: Panel Floor / Purlin / Beam

Review 2019-08-23

Wall Sections 06



| Roofing Membrane

T.O. Finished Floor.

Level 2

T.0O. Finished Slab Q

Rigid Insulation
Air / Vapour Barrier
CLT Roof Panel

4 Exterior Cladding on CLT Parapet

Building Envelope (Window Wall)

@ Section Detail at Roof Ass'y

Conc. Topping (1 1/2")
CLT Floor Panel

Exterior Flashing
Self-Adhered Membrane
CLT Floor Panel

Building Envelope (Window Wall)

@ Section Detail at Floor Ass'y

Building Envelope (Window Wall)
Sill Flashing
Conc. Upstand (min 8")

Conc. Slab (4")
Rigid Insulation

Rigid Insulation

Conc. Footing
Dampproofing

Roofing Membrane
Rigid Insulation
Air / Vapour Barrier
CLT Roof Panel

Exterior Claddingon ———————————— 9]
CLT Parapet

Exterior Wall or Window/Louvres

CLT Shearwall Beyond

Roof

@ Section Detail at Roof Ass'y

Conc. Topping (1 1/2") |
CLT Floor Panel

T.0. Finished Floor

Level 2

CLT Shearwall Beyond

Non-Load Bearing Exterior Wall >

Building Envelope
Gypsum Board Sheathing
2x6 framing @ 16" o/c
Batt Insulation

Vapour Barrier

Interior Finish

Exterior Wall or Window/Louvres

Conc. Slab (4")
Rigid Insulation
Polyethylene Vapour Barrier (min. 10 mil)

Polyethylene Vapour Barrier (min. 10 mil)

/
/ @ Section Detail at Foundation

Rigid Insulation

Conc. Footing
Dampproofing

@ Section Detail at Floor Ass'y

T.O. Finished Slab

@ Section Detail at Foundation
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Q Isometric Detail at Floor Ass'y

@ Exploded Isometric Detail at Floor Ass'y

Glulam Column

Plate w/ Epoxied
Threaded Rods at
Glulam Column End

Form Fitted Connector
Glulam Girder

Glulam Purlin

Partially Threaded
Self-Tapping Screws @
600mm O.C.

Plywood Spline
Nails @ 100mm O.C.

CLT Floor Panel
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SLAB ON GRADE

FOUNDATION WALL
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THICKNESS

m TYPICAL EXTERIOR WALL BASE

PLATE W/ 4 - 160 EPOXIED
THREADED RODS INTO END
OF GLULAM COLUMN TO
FACILITATE CONNECTION

TYPICAL HSS BASEPLATE
WITH NON-SHRINK
GROUT ON CONCRETE
PEDESTAL

CONCRETE PEDESTAL

PAD FOOTING

m TYPICAL COLUMN BASE

NG

CONTINUOUS L203x203x9.0 WITH
SCREWS 3 ROWS SCREWS

GROUT BELOW ANGLE AS

LEVEL SURFACE FOR WALL

m TYPICAL EXTERIOR WALL HOLD-DOWN

M
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HOLD-DOWN AT END OF CLT
WALL WITH SCREWS IN TO
BOTH FACES.
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GROUT BELOW HSS AS REQUIRED TO
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CLT CORE WALL AS PER PLAN

TIGHT FIT PINS OR SELF
DRILLING DOWELS THROUGHT
INTERNAL KNIFE PLATE

SHOP CP WELD OF KNIFE PLATE
END TO W-SECTION

300LG W-SECTION AT ENDS OF
CORE WALLS W/ STIFFENERS
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SLAB ON GRADE

FOUNDATION WALL TO MATCH CLT
THICKNESS

GROUT BELOW BRACKETS
AS REQUIRED TO PROVIDE
LEVEL SURFACE FOR WALL

N

4 - LARGE DIAMETER
ANCHORS LAPPED WITH
WALL REINFORCEMENTS

PROVIDE ADDITIONAL
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NBC 2015 Analysis .
o Sheet List CADE3002 Spring 2020
Block #1 Project Identification 3.2.2.60 Group D, Up To 3 Storeys 3.2.2.66 Group E, Up To 3 Storeys Sheet
Project Name: Useage: First Storey Refail, Second and Sprinklered (Y/N): No Sprinklered (Y/N): No Number Sheet Name Class of 2021
Third storey Office Storeys: 3 Storeys: 3
——— . Max Building Area: Facing 1 Street: 1,600 m2 Max Building Area (m2): Facing 1 Sireet: 800 m2 A100 COVER SHEET CO_Op StUdentS
Code Classifications: Group E (Merchantfile) Facing 2 Streets: 2,000 m2 Facing 2 Streets: 1,000 m2
Group D (Office / Personal Services) Facing 3 Streets: 2,400 m2 Facing 3 Sireets: 1,500 m2 A101 SITE PLAN
bumbendl Slaeys 3 Fadtpiini: Lad 45l Ll Consfruction: Combustible Consfruction: Combustible A102 FOLéN DA-ggN PLAN MAS S TI M B E R
A103 FIRST FLOOR PLAN
Structural System: Glulam Post and Beam, CLT Lateral System, CLT Floor System Floor Assemblies: 45 min FRR Floor Assemblies: 45 min FRR
Mezzanines: 45 min FRR Mezzanines: 45 min FRR A104 SECOND FLOOR PLAN W E ST E R N
Roof Assemblies: 45 min FRR Roof Assembilies: 45 min FRR A105 THIRD FLOOR PLAN P ROJ E CT
Loadbearing Walls, 45 min EF)RRT_?:' Loadbearing Walls, ASTHin l:F:RR’rFI:))rI A106 ROOF PLAN
Block #2 Proi - Columns and Arches: G Columns and Arches: Mk o i
ject Description const. const. A201 ELEVATIONS
Building Size: 47,835 sf 4,443 m2 Building height: 3 Storeys A202 ELEVATIONS
3.2.2.61 Group D, Up To 3 Storeys, Sprinklered 3.2.2.67 Group D, Up To 3 Storeys, Sprinklered A301 BUILDING SECTIONS COVER SH EET
Fire Rating: 45 min Maximum footprint:  Unsprinklered: 1,500 m2 ) ; A401 DETAILS
g ) Sprinklered (Y/N): Yes Sprinklered (Y/N): Yes
Sprinklered: 4,800 m2 Sloreys: 3 Shoreys: 3 A402 DETAILS
Roof loading and deflection: Dead Load=1.5 KPa ;Io;;l)r Ic;-uding and Dead Load=3.0 KPa Max Building Area (m2): 4,800 m2 Max Building Area (m?2): 4,800 m2 A403 DETAILS Project number 0001
eflection:
Snow Load=2.3 Kpa Live Load=2.4 Kpa Construction: Combustible Construction: Combustible A501 EXTERIOR 3D VIEWS Date JULY 5. 2020
)
Snow Load Deflection=1/240 Live Load Defledfion=1/420 Floor Assemblies: 45 min FRR Floor Assemblies: 45 min FRR ﬁggg ﬁ\l)fl_TEERng)RRS%D\XIEE\/VVVSS .
Total Load Deflection=L/180 Total Load Deflection=L/180 Mezzanines: 454;?:2552 Mezzanines: g?ﬂ?iggir Checked by HOda Ganjl
Loadbearing Walls, : Loadbearing Walls, ; A601 SCHEDULES
Structual system description: Panel-Purlin System, 25" x 30" typical ba Columns and Arches: DOREompIi: Columns and Arches: nepeemois)ibic
5 P ystem. P Y : const. : const. S101 TYP FLOOR FRAMING A1 OO
e S102 TYP ROOF FRAMING
SFRS Description (indicate RdRo factor used):  CLT Shearwalls - Rd=2.0, Ro=1.5
. X001 DRAWN BY
Site Class Scale
Grand total: 20
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LINKS TO PANORAMA IMAGES:
https://pano.autodesk.com/pano.html?mono=jpgs/b2d324a1-0b96-47b8-aaf5-2d79a6122ce9&version=2
https://pano.autodesk.com/pano.html?url=jpgs/1a8f482e-ce4b-4bf2-b0e8-1bb8ac9e59d0&version=2

https://pano.autodesk.com/pano.html?url=jpgs/dcfec427-42ff-47fd-a279-187ddfdcd332&version=2
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