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Vegetated Roof Assembly (VRA)
Assemblage de toiture végétalisée
/
Vegetated plant
System (VS) - plants .
Vegetated g :ﬁ:::f,”ng media
Roof - drainage layer
Assembly - roots barrier
(VRA)
Roofing
System (RS)
-
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o0
%.1. Le calcul des forces de soulévement di au vent doit &tre réalisé selon les exigences du Code.
4.2. Sous réserve des points 43 et 4.4 sé doit étre concu pour résister aux effets
de soulévement par le vent selon les cri e la norme ANSI/SPRI RP-14, « Wind Design
Standard for Vegetative Roofing Systems» t en respectant les recommandations du
manufacturier de la membrane d étanchéite
4.3. La hauteur du parapet mesurée au-dessus du substrat ou dy legt doit &tre calculée selon
la norme ANSI/SPRI RP-14 et ne doit pas &tre inférieure a
4.4, Une zone libre de végétation d'une largeur d’au main| recowerte de lest de
pierre ou de dalles de béton conforme aux régles de l'art et respectant la norme ANSI/SPRI
RP-14 est requise entre le parapet et le couvers tatif.
%.5. Desmesures de retenue conformes aux régles de lart doivent &tre prises pour éviter
l'érosion du substrat et pour centrer larrachement des plantes par le vent jusqu'a ce que
le couvert végétatif ait atteint sa maturité
4.6, es les membranes d'étanchéité a pleine adhérence ou les membranes fixé
iquement sant permises sur le bassin sur lequel le toit végétalisé est construit.
00 ¢
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Guidelines providing specifications

o0 ’

l

Guidelines providing specifications

" Standard establishing

pass/fail criteria
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Resistance vs Design of roof top add-ons
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Design of roof claddings
External pressure Roof zones
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Dynamic
wind
pressure Internal pressure 00
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Building Aerodynamics
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Wind uplift resistance
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Wind uplift resistance

.. 13

Resistance vs Design of VRA
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Wind resistance of roof top add-ons

\
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000

Wind Resistance of Roof top add-ons
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Evaluating VRA wind resistance

Wind Speed - mph

Pressure -psf

N :

a [ a, .

eé‘é s pes' "

A 's
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| Modular VRA: MVRA
VRA
Built-in-place VRA: BVRA
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» 2015 - MVRA only

2021 - MVRA AND BVRA

000
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000
VRA Wind Resistance Test
Wind Tunnel Flow testing
000 2
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NRC wind tunnel

+ 10°x 20’

\ * Open-circuit tunnel
\

* 100 mph wind

rr

o0 =

Wind speed protocol

Up to failure
or max.
capacity

o0
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MVRA

a5 v .

MVRA - failure mode

a5 v .
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MVRA - failure mode

MVRA- failure mode

Net uplift force at the c@rner
\ [~ .
X N

000 =
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BVRA

Wind shear force
® °

P TN < wind

Py e — T

» Intensity depends on wind speed
» Growing media loss (erosion)
» Continuous process

00 x»

BVRA

00
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BVRA
—
Load cell
000
BVRA - failure mode
| Wind erosion
Wind
000 2
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BVRA - failure mode
| Wind erosion |

%
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Overturning
W,
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% \
000 ::
Overturning
000 :
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Wind speed protocol + failure

000 5

L» In a commercial lab

In collaboration with

000 5
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Wind flow facility

- 150 mph (240 km/h)

o0 v

Wind flow facility

5
p®

-

Q0 3
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Wind speed protocol 3 min

<— P

Up to failure
or max. speed

O C&
Q.\\ /
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BVRA construction

000 «

BVRA installation

000 «
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BVRA challenges
—>
Resistance ?
000
Effect of vegetation growth
000 «
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Built-in-place :BVRA

-more than 40 specimens
-same plants (sedum)
-irrigation plan

-no fertilizer
-no replacement after a year
00 4
Built-in-place VRA: BVRA
As-built 12-weeks 1-year
00

23
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12-weeks

Source 2

Source 1 Coverage: 38%

Coverage: 68%

Source 3 Source 4
Coverage: 78% Coverage: 90%

000
Video 1 (source_1- as built) Video 2 (source_1- after 1 year)
Video 3 (source_2- as built ) Video 4 (source_2- after 1 year )

000
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Effect of vegetation growth

Growth Modify Factor, GMF 000

The standard can be based on the “As-built” performance and
predict the 1 year performan

density "as-built" (.80 g/cm? 1.43 0.43 0.75 000 -

25
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p (g/cmd), density “as-built”

(*) GMF no greater than 1.3

000

Standard approach

“As-built”
_______ ¥ ______csamima
Three :
identical | GMF = 1.6 - (p x 0.5) | |
tests I
I
I

BVRA |
| Wind Resistance “As-built” VYlnd ‘ _
Resistance 1

000 >

N
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Flow chart Q Tests “as-built”

(from CSA123.24)

To account for
the vegetation
growth: GMF

l

Depends on “as-

built” density
* For the MVS: GMF = 1.0. 000 ::
VRA wind resistance
000
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VRA wind resistance

000 -
VRA wind resistance
,gxa“c’e
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000 7

Wind uplift resistance

000 ::
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Wind uplift resistance

MARS

AARS

PARS

(Not applicable to VRA)

00 5

Wind uplift resistance

X

MARS

PARS

AARS

Q0 oo
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Wind uplift
Wind uplift resistance it
Roofing System Construction
00 s
Wind uplift
Wind uplift resistance it
Example: MVRA System Construction
00 -
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Wind uplift
. . . Iﬂ
Typical uplift testing
00 s
Wind uplift
U
Failure mode 1
(O .
o0 «
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VRA wind resistance

Q0 -5

Application

3 steps

1- Design wind data (pressure and wind speed) from Code
2- Resistance by testing using CSA 123.24

3- Code VERIFICATION:

33
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Application

A building-owner wants to install a BVRA on a building.
Two options of BVRAs (Source_1 and Source_2)

BVRA

000 o

1- Design

Design

wind uplift D

Design
wind speed

orees e

000 %
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1- Design

Design
wind uplift

Design

wind speed

KT

.|s

==/ Vd = 56 mph (93 km/h)

.. 69
2- Resistance UPLIFT e
wind uplift
—
BVRA- Source 1 BVRA- Source 2
Failure Mode Membrane delamination Membrane delamination
Sustained pressure 90 psf (4.3 kPa) 105 psf (5.0 kPa)
Wind Uplift resistance 90%0.65 = 59 psf (2.8 kPa) 105*0.65 = 68 psf (3.3 kPa)
\
Lab results
o0
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2- Resistance FLOW

000

2- Resistance FLOW: typical result

o000
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2- Resistance Wind Flow

| Obtain W,, W,, W; and calculate W, aqe |<_
|
| Calculate Coefficient of Variation, COV |
COV < 15% NO, more data needed
YES
— Lab work!
E| Determine Resistance Factor, ¢ | m| Determine Growth Modifier Factor, GMF
El BVRA Wind Resistance, Wg = Wyyerage X @ x GMF
-
000 =
2- Resistance WIND SPEED
Source_1 Source_2
(i) Three identical tests (Wy, Wy, W3) W, erage 112 km/h 148 km/h
(ii) Standard deviation, SD 14.86 9.90
(iii) Coefficient of Variation, COV 1% 6% COV =15%
Resistance factor, ? 0.64 0.70
Average “as-built” density, p (g/cm3) 0.80 1.00 e |
ab results
GMF = 1.6 - (p x 0.5) (110 | 53—
«— r
Wi = W,emge X @ X GMF 86 kmh 14 km/h [6] vee
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3- Verification

Pd = -2.5kPa
Vd = 108 km/h

75

3- Verification

Pd = -2.5kPa
Vd = 108 km/h

BVRA- $1

CSA 123.24

Pr, = -2.8kPa
Vr,= 86 km/h

Did NOT meet

76
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3- Verification

CSA 123.24
Pd = -2.5kPa
Vd =108 km/h Pr, = -2.8kPa
N Vr,= 86 km/h
Did NOT meet
CSA 123.24
Pr, = -3.3kPa
Vr,= 114 km/h
MET!
000

Journal of Architectural Engineering / Volume 27 Issue 3 - September 2021

000 =
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CRCA magazine fall/winter 2021

000
Canadian Board for Harmonized Construction Codes 1754
Proposed Change 1754
Code Reference(s): MBC20 Div.B 5.2.2.2. (first printing)
Subject: Vegetated Roof Assemblies
Title: Requirements for Wind Resistance of Vegetated Roof
Assemblies
Description: This proposed change introduces a requirement for
the testing of the dynamic wind uplift resistance and
wind flow resistance of vegetated roof assemblies in
accordance with the CAN/CSA-A123.24:21 standard.
Related Code Change CCR 1151
Request(s):
000
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NBCC

PROPOSED CHANGE

[5.2,2.2,] 5.2.2.2. Determination of Wind Load

[5]1 5) Membrane roofing assemblies with prowen past performance for the
anticipated wind loads need not comply with Sentence (4). (See Note
A-5.1.4.1.(5).)

[6] --) i recis

a] --) conform to existing provincial or territorial regulations, or
b] --) in the absence of the requlations referred to in Clause {(a), be

= SA-

determine both the wind wplift resistance and the wind flow resistance of the VRA. If
the wind uplift resistance of the membrane roofing assembly used in the WVRA has

21

already been determined in accordance with the reguirements of CAN/CSA-A123

“Standard test method for the dynamic wind uplift resistance of membrane-roofing
systemns,” as reguired by Sentence 5.2.2.2.(4), then this resistance can be used as an

" nne K [ = Pt
resistance was determined in accordance with the reguirements of CAN/CSA-A123.21
then the wind uplift resistance of the WVRA must be determined in accordance with

CAN/CSA-A123.24:21.

000 s

EE

41



