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Cross Laminated Timber
Design Calculation
Examples
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Red Stag CLT Design Guide V1.4

The Cross Laminated Timber (CLT) design examples in this section are provided to assist
the market with the design and specification of Red Stag CLT. The technical examples
provided have been developed based on the Canadian FPInnovation CLT Handbook, NZS
3603 Timber Structures Standard, NZS 1170 Structural Design Actions and the EN 1995-
1-1 Eurocode 5 Design of Timber Structures (Refer to the Table 36 below). This document
is intended as a guide only (not a specification basis) to support in calculating and designing
CLT members. Please refer to the relevant standards for further information to ensure that
the project engineer, designer or specifier confirm the basis for each design to ensure it is

fit for purpose and does not simply rely on the examples in this section.

Table 36: Referenced standards and documents utilised in the CLT floor design

example.
The Red Stag CLT Floor Design Calculation Example has been developed in Conjunction
with the Following Standards:

CLT Design Guide:

FPInnovations CLT Handbook 2011, Chapter 3, Structural Design of CLT Elements.
FPInnovations CLT Handbook 2011, Chapter 7, Vibration Performance of CLT Floors.

Canadian CLT Handbook has been used as the primary design basis for Red Stag CLT to confirm
the bending strength.

NZS 3603:1993:

NZS 3603:1993 Timber Structures Standard is currently under review with an anticipated 2022
revision.

Timber characteristics information from the New Zealand Timber Standard is used in Red Stag CLT
floor design calculations.

AS/NZS 1170.1:

AS/NZS 1170.1:2002 Structural design actions - Part 1: Permanent, imposed, and other actions.
Permanent loads, imposed loads and load combinations from the New Zealand structural design
action standard are used in Red Stag CLT design calculations.

EN 1995-1-1: EC 5:

EN 1995-1-1:2004+A1:2008 - Eurocode 5: Design of timber structures.

Vibration of the Red Stag CLT floor design example is calculated based on the recommended
method in EN 1995-1-1:2004+A1:2008 - Eurocode 5, Section 7.5.
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35. Three Layer Single Span CLT Floor Design Calculation Example

35.1 CLT Floor Panel Design — Longitudinal Direction

Calculation of the longitudinal members is based on the FPInnovation CLT design

guide Mechanical jointed and simplified methods.

] Thickness = 42 mm, MoE = 8 GPa
| Thickness = 42 mm, MoE = 6 GPa
1 Thickness = 42 mm, MoE = 8 GPa
[ L J

1000 mm

Figure 107: Red Stag CLT Panel Cross-Section

Uniformly Distributed Applied Loads

3850 mm '

Figure 108: Red Stag CLT Panel Elevation

35.2 Assumption and Applied Loads:

Strength Reduction Factor (&) = 0.9 136

Bending Strength (Fo) = 14 MPa

CLT Weight = 0.63 kPa - Calculated based on a Red Stag CLT density of 500 kg/m?
Additional Dead Load = 0.5 kPa

Live Load = 2.0 kPa - Refer to AS/NZS 1170.1 &7

35.3 Calculation of the Effective Bending Stiffness using the
Mechanical Jointed Beam Theory (Gamma Method)

L = Span of panels = 3850 mm = 3.85m
b = Width of the CLT panel = 1 m &7

hi = Thickness of board layers in direction of action
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hy =42 mm
h, =42 mm

hi = Thickness of board layers in direction perpendicular to actions !

Ny =42 mm

A= bi X h (s8]
A; = (42x1000) = 42000 mm?

As = (42x1000) = 42000 mm?

3
I1 - bixhi [38]
12

_ bxhy® _ 1000x423

I = 6174000 mm*

12 12
3

lp = 20e = 100042 - 5174000 mm
E+ = 8000 MPa ()
E. = 8000 MPa %!

= ! (38]
W e B
Yo = 1 (38]

-
L B T

GRXb
h;i . \

where G—;b = slip modulus due to shear deformation between layers and Gg =
R

shear modulus perpendicular to the grain or rolling shear modulus ©8.,

Eo= MoE for longitudinal layers = 8000 MPa Eo= MoE for transvers layers = 6000 MPa

[36] [36]

Ego = 266.67 MPa Ego = 200 MPa
Go = 500 MPa Go =375 MPa

Gr = 50 GPa 18 Gr = 37.5GPa 1%
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L = span in mm (simple span; in direction of action //) ¥

1

Y1 = 3.142X8000X42000 42 =0.89
1+ >
3850 37.5X1000
1
¥2= 1+ 3.142X8000X42000 42 =0.89
38502 37.5X1000

Toh g
ai > + >

=2 L My
az 2+2

——_ 42 42
ai=— +—=42mm

— 42 42
82:7+7:42 mm

2
Eleﬁ//: Zi:l(EiIi + Yl-EiAiaiZ) (8]
Eleti= (Eyly + ¥1E1A1a,%) + (Eoly + Yo EaAzay®) B9

Elew=(8000x6174000+0.889x8000x42000x422)+
(8000x6174000+0.889x8000x42000x42%) = 6x10""+6x10""= 1.152x10"2N.mm?

L. = 1.152x10%?
eff 8000

=1.44 x108mm*

35.4 Calculation of Bending Strength using the Mechanically

Jointed Beams Theory (Gamma Method)
M, = @buxm (E: = Ey) 8

Fo = 14 MPa %8
@ = 0.9 [361.138]

1.44 x 108
(0.89 x42+0.5%x42)

Mr=0.9 %14 x x 10=31.12 kN.m
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35.5 Calculation of Bending Strength using the Simplified
Method

lerr 38
Mr =@ xFo 0.5h,

Fb = 14 (36]

@ = 0.9 [361.138]

M, = 0.9 x 14 x 24 X10% 406 - 58 81 kN.m
0.5x126

35.6 Calculation of Applied Bending Moment

M*_(1.2><Dead Load+ 1.5xLive Load)xSpan® (sg) (39]
8

M*_(1.35><Dead Load)xSpan® [sg] 39]
8

Dead Load = CLT Weight + Additional Dead Load
CLT Weight = CLT Thickness x Timber Weight = 126 x (5/1000) = 0.63 kPa
Additional Dead Load = 0.5 kPa.

Live Load = 2 kPa on Floor

M*_(1.2><(0.63+O.5)+ 1.5%2)x3.852
8

= 8.07 kN.m

M*_(1.35><(0.63+0.5))><3.852
8

=3.14 kN.m

35.7 Bending Capacity Check

M Mecharical jointed method = 31.12 kN.m = M= 8.07 kN.m ok
M Mechanical jointed method = 31.12 kN.m =2 M'= 3.14 kN.m \/ ok

M; Simplified method = 28.81 kN.m =2 M= 8.07 kN.m \/ ok
Mr Simplified method = 28.81 kN.m 2 M*: 3.14 kN.m \/ Ok
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35.8 Deflection Check

5X(Uniformly Distributed Applied Load)xSpan* 1381, [39]
(384X(Eleff )

AciT peflection™

5% ((CLT Weight + Additional Dead Load )+0.4xLive Load )x3850*
(384%(Elefr))

AciT peflection™

5%((0.63+0.5)+0.4x2)x3850%
(384x(1.152x1012)

=4.79 mm

Acit peflection™

Creep Factor (Kz) =2

Long term deflection = 4.79 x 2 = 9.58 mm — long term deflection

Long term deflection = 9.58 < AE% =9.625 mm V ok

35.9 Vibration Check

p X A =m = is the mass per unit area in kg/m?.
L = is the floor span in m.
m = linear mass of the CLT for a 1-m wide panel (kg/m).

Ele = effective bending stiffness.

f_ %3.852 =22
2x3.85% 500 X(1x7--2)

_ 3142 j L152x107%  _ 44 33 > 8Hz \ ok
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36.1 CLT Floor Panel Design — Longitudinal Direction

Calculation of the longitudinal members is based on the FPInnovation CLT design

guide Mechanical jointed and simplified methods.

~— %] Thickness =42 mm, MoE = 8 GPa
| Thickness =42 mm, MoE = 6 GPa
1 Thickness = 42 mm, MoE = 8 GPa
[ L J

1000 mm

Figure 109: Red Stag CLT Panel Cross-Section

Uniformly Distributed Applied Loads

5210 mm 5210 mm

Figure 110: Red Stag CLT Panel Elevation

36.2 Assumption and Applied Loads:

Strength Reduction Factor (&) = 0.9 136

Bending Strength (Fy) = 14 MPa B8

CLT Weight = 0.63 kPa - Calculated based on a Red Stag CLT density of 500 kg/m?
Additional Dead Load = 0.5 kPa

Live Load = 2.0 kPa - Refer to AS/NZS 1170.1 &7
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36.3 Calculation of the Effective Bending Stiffness using the
Mechanical Jointed Beam Theory (Gamma Method)

L = Span of panels = 5210 mm =5.21m
b = Width of the CLT panel = 1 m B8

hi = Thickness of board layers in direction of action 8

hi =42 mm

hy =42 mm

' = Thickness of board layers in direction perpendicular to actions 8!
hy =42 mm

A = b x h [38]
A; = (42x1000) = 42000 mm?
Az = (42x1000) = 42000 mm?

3
|, = 2 gy
12

_ bxh;® _ 1000x423
12 12

I = 6174000 mm?

_ bxhy® _ 1000x423
12 12

= 6174000 mm?

I

E+ = 8000 MPa 1!
E2 = 8000 MPa 1!

1
= [38]
Y1 = E1xXA R
2y E1X41 1
1+I12x iz XGRxb
- 1 38]
Y2 = E3xA 2 :
2y L3243 2
1+I12x 2 xGRxb

1

where & = slip modulus due to shear deformation between layers and Gg =
R

shear modulus perpendicular to the grain or rolling shear modulus ©.,
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Eo= MoE for longitudinal layers = 8000 MPa  Eo= MoE for transvers layers = 6000 MPa

[36] [36]

Ego = 266.67 MPa Ego = 200 MPa
Go =500 MPa Go =375 MPa

Gr = 50 GPa 38 Gr = 37.5 GPa 38l

L = span in mm (simple span; in direction of action //) ¥
1

Y1 = 3.142X8000X42000 42 =0.936
1+ >
5210 37.5X1000
Y2 = = = 0.936
1+ 3.142X8000X42000 42 b
52102 37.5X1000

hy | Ry
ai= My My
2 2

—he | Mg
ar > + >
42 42
a1=7+7:42 mm

42 42
a=—+—=42mm

2
Eletry= zi=1(Eili + yl-El-Al-aiz) 58]

Eleiy= (EyIy + y1E1A1a4%) + (Bl + Yo EzAzay”) B9

Elsr =(8000x6174000+0.936x8000x42000x422)+ (8000x6174000+0.936x8000%42000x422)
=6x10""+6x10"
= 1.208%10" N.mm?

1.208x1012
lef = ———=1.51 < 108 mm*
eff 8000 5 O

36.4 Calculation of Bending Strength using the Mechanically
Jointed Beams Theory (Gamma Method)

_ lerr - [38]
M QXFbX(8131+O.5h1) (B1 = E2)

Fo= 14 MPa (!

@ = 0.9 [361.138]

M, = 0.9 x 14 x —L51X10° 406 31 55 kN.m

(0.936 x42+0.5x42)
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36.5 Calculation of Bending Strength using the Simplified
Method

lerr 138
M =@ xFe 0.5h,

Fb =14 [36]
@ = (0.9 [36l.[38]

1.51 x 108
0.5x126

M;=0.9 x 14 x x10%=30.21 kN.m

36.6 Calculation of Applied Bending Moment

M*:(1.2><Dead Load+ 1.5xLive Load)xSpan? 38, [39]
8

\[ =(L:38%Dead Load)xSpan? zg; s
8

Dead Load = CLT Weight + Additional Dead Load
CLT Weight = CLT Thickness x Timber Weight = 126 x (5/1000) = 0.63 kPa.
Additional Dead Load = 0.5 kPa.

Live Load = 2 kPa on Floor

+_(1.2%(0.63+0.5)+ 1.5X2)X5.21%
8

M = 14.78 kN.m

M*_(1.35><(0.63+0.5))><5.212
8

=5.75kN.m

36.7 Bending Capacity Check

M: Mechanical jointed method = 31.55 kKN.m 2 M'= 14.78 kKN.m \/ ok
M: Mechanical jointed method = 31.55 kN.m 2 M'= 5.75 kN.m v ok

M Simpiied methoa = 30.21 KN.m = M= 14.78 kN.m ok
M simpiied methoa = 30.27 kN.m = M= 5.75 kN.m ok
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36.8 Deflection Check

5X(Uniformly Distributed Applied Load)xSpan* [38], [39]

JAN L=
CLT Deflection (384'><(51eff )

5% ((CLT Weight + Additional Dead Load )+0.4xLive Load )x3850*
(384—><(Eleff )

5%((0.63+0.5)+0.4x2)x5210%
(384x(1.208%x1012)

Creep Factor (Kz) = 2

ACLT Deflection™

=15.32 mm

AcLT Deflection™

Long term deflection = 12"22>< 2 =12.77 mm — Long term deflection
Long term deflection = 12.77 mm < A*Z% =13.025 mm V ok

36.9 Vibration Check

3.142 \[(El)é’}} 140]

f= 212 pA

p %X A =m = is the mass per unit area in kg/m2.
L = is the floor span in m.
m = linear mass of the CLT for a 1-m wide panel (kg/m).

Eles = effective bending stiffness.

3.142 1.208x1012
f= —— =8.0228Hz ok
2x5.21% [500 X(1x55-0)

168



Red Stag CLT Design Guide V1.4

37. Five Layer Single Span CLT Floor Design Calculation Example

37.1 CLT Floor Panel Design — Longitudinal Direction

Calculation of the longitudinal members is based on the FPInnovation CLT design

guide Mechanical jointed and simplified methods.

] Thickness = 42 mm, MoE = 8 GPa
Thickness = 42 mm, MoE = 6 GPa
| Thickness = 42 mm, MoE = 8 GPa
] Thickness = 42 mm, MoE = 6 GPa
| Thickness = 42 mm, MoE = 8 GPa

210 mm

1000 mm

Figure 111: Red Stag CLT Panel Cross-Section

Uniformly Distributed Applied Loads

5330 mm .

Figure 112: Red Stag CLT Panel Elevation

37.2 Assumption and Applied Loads:

Strength Reduction Factor (&) = 0.9 B8

Bending Strength (Fy) = 14 MPa 13

CLT Weight = 0.63 kPa - Calculated based on a Red Stag CLT density of 500 kg/m?.
Additional Dead Load = 0.5 kPa

Live Load = 3.0 kPa - Refer to AS/NZS 1170.1 137

37.3 Calculation of the Effective Bending Stiffness using the
Mechanical Jointed Beam Theory (Gamma Method)

L = Span of panels = 5330 mm = 5.33 m

b = Width of the CLT panel = 1 m [
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hi = Thickness of board layers in direction of action

hy =42 mm
h, =42 mm

hs =42 mm

hi = Thickness of board layers in direction perpendicular to actions

hy =42 mm
Fz:42 mm
A =bi X h (38]

A: = (42x1000) = 42000 mm?
A; = (42x1000) = 42000 mm?

As = (42x1000) = 42000 mm?

| = bxh g
' 12

_ bxhy® _ 1000x423
12 12

= 6174000 mm*

l4

_ bxhz® _ 1000x423
12 12

= 6174000 mm*

P

_ bxhz® _ 1000x423
12 12

= 6174000 mm*

I3

E; = 8000 MPa [
E> = 8000 MPa [

Es = 8000 MPa [0

Yo = 1 [38]
1
= [38]
¥1= FixAL . T
2y 21741 1
1+I14x z X Grrb
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- 1 38]
Y3 = AT
LI X S5 x 2
h; . \
where z ;b = slip modulus due to shear deformation between layers and Gr= shear
R

modulus perpendicular to the grain or rolling shear modulus 8.

Eo= MoE for longitudinal layers = 8000 MPa Eo= MoE for transvers layers = 6000 MPa

[36] [36]

Ego = 266.67 MPa Ego = 200 MPa

Go =500 MPa Go =375 MPa

Gr = 50 GPa [38 Gr = 37.5 GPa 38

L = span in mm (simple span; in direction of action //)

Yo = 1 [38]
_ 1 _
Y1 = 14 3.142X8000x42000 42 =0.884
53302 37.5X1000
_ 1 _
¥3 = 14 3.142X8000x42000 42 =0.884
53302 37.5X1000

=M 2 (59
a=—+h +-
=2 4 4+ e e
az 2 hz P

a_1=47z+42+%=82mm

a_2=47z+42+%=82mm

2
Eley = Zi:l(El'Ii + yiEiAiaiZ) (28]
Elety= (Eqly + y1E1A1a,%) +1,+ (E3ls + y3E3Azas®) B8

Eles = 4.34x10"2N.mm?

L= 4.34x1012
eff 8000

=543 x108mm*

171



Red Stag CLT Design Guide V1.4

37.4 Calculation of Bending Strength using the Mechanically
Jointed Beams Theory (Gamma Method)

M, = @buxL (Eq = Ep) 8

(612,+0.5h,)
Fo = 14 MPa 6
@ = 0.9 [361.038]
M, = 0.9 x 14 x —>43%X19° o 406- 7176 kN.m

(0.884 X84+0.5x42)

37.5 Calculation of Bending Strength using the Simplified
Method

lerr 138
M: =@ xFy 0.5h,

Fb = 14 [36]
@ = (0.9 [36l.[38]

5.43 x 108
0.5x210

M;=0.9 x 14 x x10%=28.81 kN.m

37.6 Calculation of Applied Bending Moment

M*:(1.2><Dead Load+ 1.5xLive Load)xSpan? 1381, [39]
8

\[ = (L:35xDead Load)xSpan’® (3] (39)
8

Dead Load = CLT Weight + Additional Dead Load
CLT Weight = CLT Thickness x Timber Weight = 210 x (5/1000) = 1.08 kPa.
Additional Dead Load = 0.5 kPa.

Live Load = 2 kPa on Floor

M*_(1.2x(1.08+0.5)+ 1.5%3)%5.332
8

= 22.59 kN.m

M*_(1.35><(1.08+0.5))><5.332

5 =8.26 kKN.m
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37.7 Bending Capacity Check

M, Mechanical jointed method = 71.76 KN.m = M= 22.59 kN.m \/ ok
M, Mechanical jointed method = 71.76 KN.m = M= 8.26 kN.m \/ ok

Mr simpified methoa = 65.13 kN.m = M'= 22.59 kN.m + ok
M; Simplified method — 65.13 kN.m 2 M'= 8.26 kN.m \/ ok

37.8 Deflection Check

5x(Uniformly Distributed Applied Load)xSpan* (sg 3q)
(384%(Elesr)

ACLT Deflection=

5X((CLT Weight + Additional Dead Load )+0.4xLive Load )x5330*
(384—><(Eleff )

AciT Deflection™=

5%((1.08+0.5)+0.4x3)x5330%
(384x(4.34%x1012)

= 6.66 mm

ACLT Deflection=

Creep Factor (Kz) = 2

Long term deflection = 6.66 x 2 = 13.31 mm — long term deflection

Long term deflection = 13.31 < A'=222 = 13,325 mm v ok

37.9 Vibration Check

((El)eff 0.293
L0115 @]

mo-123

L = vibration -controlled span limit in m.
L = is the floor span in m.
m = linear mass of the CLT for a 1-m wide panel (kg/m).

Eles = effective bending stiffness.

(4.34x1012)0.293

L<0.11 10°

* 7 (1.0%0.210%500)0-123

=547m=25.33m+ok
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38.1 CLT Floor Panel Design — Longitudinal Direction

Calculation of the longitudinal members is based on the FPInnovation CLT design

guide Mechanical jointed and simplified methods.

] Thickness =42 mm, MoE = 8 GPa
Thickness = 42 mm, MoE = 6 GPa
| Thickness = 42 mm, MoE = 8 GPa
] Thickness = 42 mm, MoE = 6 GPa
| Thickness = 42 mm, MoE = 8 GPa

210 mm

1000 mm

Figure 113: Red Stag CLT Panel Cross-Section

Uniformly Distributed Applied Loads

Figure 114: Red Stag CLT Panel Elevation

38.2 Assumption and Applied Loads:

Strength Reduction Factor (&) = 0.9 B8

Bending Strength (Fy) = 14 MPa 13

CLT Weight = 0.63 kPa - Calculated based on a Red Stag CLT density of 500 kg/m?.
Additional Dead Load = 0.5 kPa

Live Load = 3.0 kPa - Refer to AS/NZS 1170.1 137
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38.3 Calculation of the Effective Bending Stiffness using the
Mechanical Jointed Beam Theory (Gamma Method)

L = Span of panels = 5470 mm = 5.47 m
b = Width of the CLT panel = 1 m 18]

hi = Thickness of board layers in direction of action 8!

hy =42 mm
h, =42 mm

hs =42 mm

hi = Thickness of board layers in direction perpendicular to actions =
hi = 42 mm

o =42 mm

A = b xh; [38]
A: = (42x1000) = 42000 mm?
Az = (42x1000) = 42000 mm?

As = (42x1000) = 42000 mm?

3
| = bixhi” [3g
12

I = bxh,® _ 1000x423
! 12

= 6174000 mm*

_ bxhz® _ 1000x423
12

= 6174000 mm*

P

_ bxhz® _ 1000x423
12

= 6174000 mm*

ls

Es = 8000 MPa [

E> = 8000 MPa [
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Es = 8000 MPa [0

Yo = 1 [38]
1
= [38]
Y1 = Exa .
1+I1 X=z X Grrb
¥ 1 [38)

3 E3xA h
+"2 3 3 2
1 X=X Grxb

where = slip modulus due to shear deformation between layers and Gr= shear

hi
GrXb

modulus perpendicular to the grain or rolling shear modulus 8.

Eo= MoE for longitudinal layers = 8000 MPa  Eo= MoE for transvers layers = 6000 MPa

[36] [36]

Ego = 266.67 MPa Ego = 200 MPa

Go =500 MPa Go =375 MPa

Gr = 50 GPa 38 Gr = 37.5 GPa 1%

L = span in mm (simple span; in direction of action //) ¥

_ 1 B
¥i= 1 4 3:142X8000x42000 22 =0.890
54702 37.5X1000
¥s = : - 0.890
1+ 3.142 X8000X42000 42 .
54702 37.5X1000

—_h 'y h

==+ hy +2—at
2 2

—_h - h

=2+ hy+2—aM™
2 2

62:0

a1:472+42+%—0:82 mm

a_2:§+42+§—o:82 mm

2
Elefry = z (Ed; +Y,E Aa?) B9
i=1 ¢

Elesy= (E 1, + YlElAlalz) I+ (Bl + Y3E3A3a3z) [38]
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Eleir = 4.37x10"N.mm?

4,37x1012
lef = ——— = 5.46 x 108 mm*
8000

38.4 Calculation of Bending Strength using the Mechanically
Jointed Beams Theory (Gamma Method)

M, = @xFox—=_ (E, = E,) (28]

(6121+0.5h4)
F, = 14 MPa 28]
@ = 0.9 [361. 38]
M, = 0.9 x 14 x —346x10° 106 71 84 kN.m

(0.890 x84+0.5x42)

38.5 Calculation of Bending Strength using the Simplified
Method

lerr
= X X =L [38]
M =@ xFp 0.5h,

Fp = 14 [36]

@ = 0.9 136).[38]

M, = 0.9 x 14 x 346 X10% 106 - 65 50 KN.m
0.5x210

38.6 Calculation of Applied Bending Moment

M*:(1.2><Dead Load 1.5xLive Load)xSpan? [38], [39]
8

M= (1.35xDead Load)xSpan? [3g] [39]
8

Dead Load = CLT Weight + Additional Dead Load
CLT Weight = CLT Thickness x Timber Weight = 210 x (5/1000) = 1.08 kPa.
Additional Dead Load = 0.5 kPa.

Live Load = 3 kPa on Floor

M*_(1.2><(1.08+0.5)+ 1.5X3)%5.332

5 = 22.59 kN.m

2
M*_(1.35x(1.08;0.5))X5'33 = 8.26 kN.m
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38.7 Bending Capacity Check

M, Mechanical jointed method = 71.84 KN.m =2 M= 22.59 kN.m \/ ok
M, Mechanical jointed method = 71.84 KN.m = M= 8.26 kN.m \/ ok

M Simpified methoa = 65.50 kN.m = M= 22.59 kN.m + ok
M simpiied method = 65.50 kN.m = M’= 8.26 kN.m + ok

38.8 Deflection Check

5x(Uniformly Distributed Applied Load)xSpan* (sg 3q)
(384%(Elesr)

ACLT Deflection=

5X((CLT Weight + Additional Dead Load )+0.4xLive Load )x5470*
(384—><(Eleff )

AciT Deflection™=

5%((1.08+0.5)+0.4x3)x5470%
(384x(4.37%x1012)

= 6.66 mm

ACLT Deflection=
Creep Factor (Kz) = 2

Long term deflection = % X 2 =6.12 mm — long term deflection

Long term deflection = 6.12 < A*:S:% =13.675 mm ok

38.9 Vibration Check

((El)eff)o.ztas
L0112

mo.123

[41]

L = vibration -controlled span limit in m.
L = is the floor span in m.
m = linear mass of the CLT for a 1-m wide panel (kg/m).

Eler = effective bending stiffness.

(4.37x1012)0_293

L=0.11 1o°

" (1.0%0.210%500)0-123

=547 m=25.47 m+ ok
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39.1 CLT Floor Panel Design — Longitudinal Direction

Calculation of the longitudinal members is based on the FPInnovation CLT design

guide Mechanical jointed and simplified methods.

Thickness = 42 mm
Thickness = 42 mm
Thickness = 42 mm
Thickness = 42 mm
Thickness = 42 mm, MoE = 8 GPa
Thickness = 42 mm, MoE = 6 GPa
Thickness = 42 mm, MoE = 8 GPa

168 mm

126 mm

1000 mm

Figure 115: Red Stag CLT Panel Cross-Section

Uniformly Distributed Applied Loads

3720 mm ‘

Figure 116: Red Stag CLT Panel Elevation

39.2 Assumption and Applied Loads:

Strength Reduction Factor (&) = 0.9 B9

Bending Strength (Fv) = 14 MPa (¢

CLT Weight = 0.63 kPa - Calculated based on a Red Stag CLT density of 500 kg/m?.
Additional Dead Load (Trade & Riser Weight) = 0.3 kPa

Live Load = 3.0 kPa - Refer to AS/NZS 1170.1 171

39. Three Layer CLT Stair Design Calculation Example
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39.3 Calculation of the Effective Bending Stiffness using the
Mechanical Jointed Beam Theory (Gamma Method)

L = Span of panels = 3850 mm = 3.72 m
b = Width of the CLT panel = 1 m 18]

hi = Thickness of board layers in direction of action 8!

hy =42 mm
h, =42 mm

hi = Thickness of board layers in direction perpendicular to actions !

E=42mm

A = b xh; [38]
Aq = (42x1000) = 42000 mm?

A; = (42x1000) = 42000 mm?

3
Iy = bixhi” (38
12

I = bxh,® _ 1000x423
! 12

= 6174000 mm*

_ bxhz® _ 1000x423
12

= 6174000 mm*

P

E; = 8000 MPa [

E> = 8000 MPa [

_ 1 38]
Y1 = E_1xA iy :
2y 21741 1
1+I12 % 1z xGRxb
1
= [38]
Y2 = EaxAs . T
2y Z237243 2
1+I12 % Z xGRxb
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where - = slip modulus due to shear deformation between layers and Gg = shear

hi
GRX

modulus perpendicular to the grain or rolling shear modulus &2,

Eo= MoE for longitudinal layers = 8000 MPa  Eo= MoE for transvers layers = 6000 MPa

[36] [36]

Ego = 266.67 MPa Ego = 200 MPa
Go = 500 MPa Go = 375 MPa

Gr = 50 GPa 18 Gr = 37.5GPa 1%

L = span in mm (simple span; in direction of action //) ¢

1

Y1 = 3.142X8000X42000 42 =0.882
1+ >
3720 37.5X1000
Yo = : = 0.882
1+ 3.142X8000X42000 42 .
37202 37.5X1000

o=y sy

aq > + >

—_hy | h

a= N2y My
2 2

— 42 42
81:?4-7:42 mm

— 42 42
82:74-7:42 mm

2
Eleff//: Zi:l(EiIi + YiEiAiaiz) s8]
Eleiy= (E1ly + ¥1E1410,°) + (Ealy + Y2E2A,a,°) B9

Eler=(8000x6174000+0.882x8000x42000%x422)+(8000x6174000+0.882x42000x8000x422)
= 5.72x10"+5.72x10""= 1.145x10">N.mm?

L = 1.145x10"2
eff 8000

=1.43 x 108 mm*
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39.4 Calculation of Bending Strength using the Mechanically
Jointed Beams Theory (Gamma Method)

M, = @buxL (Eq = Ep) 8

(612,+0.5h,)
Fo = 14 MPa 6
@ = 0.9 [361.038]
M, = 0.9 x 14 x —=145X10° 4631 05 kN.m

(0.882 x42+0.5x42)

39.5 Calculation of Bending Strength using the Simplified
Method

lerr
= X X =L [38]
M- =@ xFo 0.5h,

Fb = 14 [36]

@ = 0.9 [361. 38]

M, = 0.9 x 14 x 283X10% 106 58 63 kN.m
0.5x126

39.6 Calculation of Applied Bending Moment

M*_(1.2><Dead Load 1.5xLive Load)xSpan® (g (3]
8

"= (135X Dead Load)xspan® g (39,
8

Dead Load = CLT Weight + Additional Dead Load

CLT Weight = CLT Thickness x Timber Weight = 126 x (5/1000) = 0.63 kPa.
Additional Dead Load = 0.5 kPa.

Live Load = 3 kPa on Stair Stringer

M*_(1.2x(0.63+0.3)+ 1.5%3)%3.7252
8

= 9.77 KN.m

M,k_(1.35><(0.63+0.3))><3.7252
8

=2.43 kN.m
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39.7 Bending Capacity Check

M, Mechanical jointed method = 31.05 KN.m=M'=9.77 kN.m \/ ok
M, Mechanical jointed method = 31.05 KN.m = M= 2.43 kN.m \/ ok

M Simpified method = 28.62 kN.m = M= 9.77 kN.m ok
M; Simplified method — 28.62 kN.m = M'=2.43 kN.m \/ ok

39.8 Deflection Check

5x(Uniformly Distributed Applied Load)xSpan* (sg 3q)
(384%(Elesr)

ACLT Deflection=

5X((CLT Weight + Additional Dead Load )+0.4xLive Load )x3720*
(384—><(Eleff )

AciT Deflection™=

5%((0.63+0.3)+0.4x3)x3720%

(384x(1.145x1012) =4.64 mm

ACLT Deflection=

Creep Factor (Kz) = 2

Long term deflection = 4.64 x 2 = 9.28 mm — long term deflection

Long term deflection = 9.28 < AE% =9.30 mm v ok

39.9 Vibration Check

((El)eff)o.zt;a
L<0.11—°

m0-123

L = vibration -controlled span limit in m.
m = linear mass of the CLT for a 1-m wide panel (kg/m).
El = effective bending stiffness.

(1.145><1012)0.293

L<0.11 10° =3.94m

(1.0%0.126%500)0-123

Vibration span = 3.94 > Maximum length of the CLT panels = 3.72 m v/ ok
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40.1 CLT Roof Panel Design — Longitudinal Direction

Calculation of the longitudinal members is based on the FPInnovation CLT design

guide Mechanical jointed and simplified methods.

] Thickness = 42 mm, MoE = 8 GPa
~ | Thickness =42 mm, MoE = 6 GPa
X - =~ | Thickness = 42 mm, MoE = 8 GPa
[ ®

1000 mm

Figure 117: Red Stag CLT Panel Cross-Section

Uniformly Distributed Applied Loads

5180 mm '

Figure 118: Red Stag CLT Panel Elevation

40.2 Assumption and Applied Loads:
Strength Reduction Factor (&) = 0.9 B8

Bending Strength (Fv) = 14 MPa (¢!

CLT Weight = 0.63 kPa - Calculated based on a Red Stag CLT density of 500 kg/m?.
Additional Dead Load = 0.1 kPa

Live Load = 0.25 kPa - Refer to AS/NZS 1170.1 7]

40.3 Calculation of the Effective Bending Stiffness using the
Mechanical Jointed Beam Theory (Gamma Method)

L = Span of panels = 5180 mm = 5.18 m
b = Width of the CLT panel = 1 m 18]

hi = Thickness of board layers in direction of action 8!
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hy =42 mm
h, =42 mm

'hi = Thickness of board layers in direction perpendicular to actions !

=42 mm

A =Dbi X h (38]
A: = (42x1000) = 42000 mm?

A; = (42x1000) = 42000 mm?

3
|1 - bixhi [38]
12

bxh;® _ 1000x423
12 12

Iy = = 6174000 mm*

= bxhz® _ 1000x423
2 12 12

= 6174000 mm*

E+ = 8000 MPa [

E> = 8000 MPa [

1
= [38]
Y1 = EixAL . T
2y Z21%41 1
144 X —=—=— 2 X —2— Grrb
_ 1 38]
Y2 = E3 XA 1= :
2y £3243 2
1+[* X —==—= z X Grrb

where i = slip modulus due to shear deformation between layers and Gr= shear

modulus perpendicular to the grain or rolling shear modulus 2,

Eo= MoE for longitudinal layers = 8000 MPa

[36]
Ego = 266.67 MPa

Go = 500 MPa
Gr = 50 GPa 1

Eo= MoE for transvers layers = 6000 MPa
(36]

Ego = 200 MPa

Go=375MPa

Gr = 37.5GPa 1%
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L = span in mm (simple span; in direction of action //) ¥

1

¥i = 3.142X8000X42000 42 =0.935
1+ >
5180 37.5X1000
Y2 = : - 0.935
14 3.142X8000x42000 42 .
51802 37.5x1000

F=h g
ai > + >

=Dz 4 Mg
a1 2 + 2

— 42 42
31:74‘7: 42 mm

—_ 42 42
82:7+7:42 mm

2
Eleff//: Zi:l(EiIi + YiEiAl'aiz) (28]

Eleiy= (Eyly + Y1E1A1a4%) + (Eoly + Yo EzAzay®) B9

Eler=(8000x6174000+0.935x8000x42000%x422)+(8000x6174000+0.935x42000x8000x42?)
=6.038x10"+6.038%10"'= 1.207x10"N.mm?

L. = 1.207x1012
off 8000

=1.509 x 108 mm?*

40.4 Calculation of Bending Strength using the Mechanically
Jointed Beams Theory (Gamma Method)

M, = @buxL (Eq = Ep) 8

(612;+0.5h,)
Fp = 14 MPa 28]
@ = 0.9 [361. 38]
M, = 0.9 x 14 x —=509X10° 406 34 55 kN.m

(0.935 xX42+40.5%42)
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40.5 Calculation of Bending Strength using the Simplified
Method
M, = @ x Fyx (2L 9

Fb =14 [36]
@ = (.9 [361.[38]

M, = 0.9 x 14 x 2899X10° 406 30 19 kN.m

0.5%x126

40.6 Calculation of Applied Bending Moment

M*_(1.2><Dead Load+ 1.5XxLive Load)xSpan? [38], [39]
8

I\/l*_(1.3’>5><Dead Load)xSpan® [3g] 39]
8

Dead Load = CLT Weight + Additional Dead Load

CLT Weight = CLT Thickness x Timber Weight = 126 x (5/1000) = 0.63 kPa.
Additional Dead Load = 0.1 kPa.

Live Load = 0.25 kPa on Roof

M*_(1.2x(0.63+0.1)+ 1.5X0.25)X51802
8

= 4.20 kKN.m

M*_(1.35><(0.63+0.1))><51802
8

=3.67 KN.m

40.7 Bending Capacity Check

M: Mechanical jointed method = 31.55 kKN.m 2 M'= 4.20 kN.m \/ ok
M: Mechanical jointed method = 31.55 kN.m = M= 3.67 kN.m v ok

M simpified method = 30.19 KN.m = M= 4.20 kN.m \ ok
M: Simplified method = 30.19 kN.m 2 M'= 3.67 kKN.m \/ ok
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40.8 Deflection Check

5X(Uniformly Distributed Applied Load)xSpan* [38], [39]
(384—X(Eleff )

AcLT Deflection™

5% ((CLT Weight + Additional Dead Load )+0.4xLive Load )x8150*
(384X (Elefr))

AcLT Deflection=

5%((0.63+0.1)+0.4x0.25)X5180%
(384%(1.207x1012)

=6.44 mm

AcLT Deflection=

Creep Factor (K2) = 2

Long term deflection = 6.44 x 2 = 12.89 mm — long term deflection

_5180

Long term deflection = 12.89 < A*—m

=12.95 mm v ok
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41.1 CLT Roof Panel Design — Longitudinal Direction

Calculation of the longitudinal members is based on the FPInnovation CLT design

guide Mechanical jointed and simplified methods.

= ~_ ] Thickness =42 mm, MoE = 8 GPa
I | Thickness = 42 mm, MoE = 6 GPa
s ’ — — ~| Thickness =42 mm, MoE = 8 GPa
[ L J
1000 mm

126 mm
o

Figure 119: Red Stag CLT Panel Cross-Section

Uniformly Distributed Applied Loads

7010 mm 7010 mm .

Figure 120: Red Stag CLT Panel Elevation

41.2 Assumption and Applied Loads:

Strength Reduction Factor (&) = 0.9 B9

Bending Strength (F) = 14 MPa 13

CLT Weight = 0.63 kPa - Calculated based on a Red Stag CLT density of 500 kg/m?.
Additional Dead Load = 0.1 kPa

Live Load = 0.25 kPa - Refer to AS/NZS 1170.1 1]

41.3 Calculation of the Effective Bending Stiffness using the
Mechanical Jointed Beam Theory (Gamma Method)

L = Span of panels = 7010 mm = 7.01 m

b = Width of the CLT panel = 1 m 18]

hi = Thickness of board layers in direction of action =
hi =42 mm

h, =42 mm

41. Three Layer Double Span CLT Roof Design Calculation Example
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"hi = Thickness of board layers in direction perpendicular to actions !
hy =42 mm

AI = bi X hi [38]
A = (42x1000) = 42000 mm?
Az = (42x1000) = 42000 mm?

I _bixh (3

12
I = bxh,® _ 1000x423
T

= 6174000 mm?

= bxhz® _ 1000x423
2 12 12

= 6174000 mm?

E+ = 8000 MPa 9
E> = 8000 MPa [

1 38]
¥1 = E1><A1 Ty :
1412x 45— xGRxb
1 38]
Y2 = E3xA Tz [
1+112x 3L 3 % b
where = slip modulus due to shear deformation between layers and Gg = shear

modulus perpendicular to the grain or rolling shear modulus B2,

Eo= MoE for longitudinal layers = 8000 MPa  Eo= MoE for transvers layers = 6000 MPa

[361] [36]

Ego = 266.67 MPa Ego = 200 MPa

Go =500 MPa Go =375 MPa

Gr = 50 GPa 38 Gr = 37.5 GPa 1%

L = span in mm (simple span; in direction of action //)
1

Y1 = 3.142X8000X42000 42 =0.9636
1+ 7
7010 37.5X1000
_ 1 _
Y2 = 14 3.142X8000X42000 42 =0.9636
70102 37.5X1000

ha 3y
ai= 2 242 2
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—ha | hiopzg
aq 2+2

42 42
a1=7+7=42mm

42 42
ar= ?+7 =42 mm

2
Elerr = Z (Eil; + Y, EiAza;%) B9
i=1

Elest) = (E1ly + YlE1A1a12) + (Exl + YzEzAzazz) e
Eler =(8000%6174000+0.9636x8000%42000x422)+ (8000x6174000+0.9636x8000%42000x422)
= 1.241x10"N.mm?

L = 1.241x101?
ef 8000

=1.55 x 108 mm?*
41.4 Calculation of Bending Strength using the Mechanically
Jointed Beams Theory (Gamma Method)

- _lerr  (E -E B8
M QXI:bx(zslal+o.shl) (B =Ep)

Fo= 14 MPa &
@ = 0.9 [361.138]

1.51 x 108
(0.9636 X42+0.5x42)

M;=0.9x 14 x x 10°¢= 31.55 kN.m

41.5 Calculation of Bending Strength using the Simplified
Method

lerr 138
M =@ xFy 0.5h,

Fp = 14 130
@ = 0.9 [361.138]

M, = 0.9 x 14 x 235X 1%, 106 31 .80 KN.m

0.5X126
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41.6 Calculation of Applied Bending Moment

M*_(1.2><Dead Load 1.5xLive Load)xSpan? 1381, [39]
8

\J = (:35xDead Load)xspan® (g f307
8

Dead Load = CLT Weight + Additional Dead Load

CLT Weight = CLT Thickness x Timber Weight = 126 x (5/1000) = 0.63 kPa.
Additional Dead Load = 0.1 kPa.

Live Load = 0.25 kPa on Roof

M*_(1.2x(0.63+0.1)+ 1.5%0.25)X7.01%

5 = 7.68 KN.m

M,k_(1.35><(0.63+0.1))><7.o12

5 =6.73 kN.m

41.7 Bending Capacity Check

M Mecharical jointed method = 3 1.80 kKN.m 2 M'= 7.68 kN.m ok
Mr Mechanical jointed method — 31 80 kN mez 2 M 6 73 kN m \/ Ok

M simpified metrod = 31.03 kN.m = M"= 7.68 kN.m ok
M; Simplified method = 31.03 kN.m =M= 6.73 kN.m \/ ok

41 .8 Deflection Check

5x(Uniformly Distributed Applied Load)xSpan* [3g] [39]
(384-X(Eleff )

5x((CLT Weight + Additional Dead Load )+0.4xLive Load )x7010%
(384—><(Eleff )

AcLT Deflection=

ACLT Deflection=

5%((0.63+0.1)+0.4x0.25)x7010%
(384%(1.241x1012)

=21.03 mm

ACLT Deflection=
Creep Factor (Ky) =2

Long term deflection = 2

;'ng 2 =17.52 mm — Long term deflection

Long term deflection = 17.52 mm < A _ﬂ =17.52 mm ok
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