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Vegetated Roof Assembly (VRA)
Assemblage de toiture végétalisée

Vegetated 
System (VS)

Roofing 
System (RS)

Vegetated 
Roof

Assembly
(VRA)

- plants
- growing media
- filter
- drainage layer
- roots barrier
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77

Guidelines providing specifications

88

Guidelines providing specifications

Standard establishing pass/fail criteria
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Resistance vs Design of roof top add-ons

10

Roof zones

Dynamic
wind 

pressure

1

2 4

3

External pressure

Internal pressure

Design of roof claddings
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Building Aerodynamics 

-2.8 kPa (corner)

-1.4kPa (edge)

-1.1kPa (interior)
(kPa)

Pression dynamique ,q (kPa) Coeff pression, CpCg
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Wind uplift resistance
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Wind uplift resistance
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Resistance vs Design of VRA
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Wind resistance of roof top add-ons

Mooneghi et al. 2017
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Wind Resistance of Roof top add-ons
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Evaluating VRA wind resistance

Wind Speed ‐mph

Pressure ‐psf
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VRA

Built-in-place VRA: BVRA

Modular VRA: MVRA
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2015 – MVRA only

20

2021 - MVRA AND BVRA
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Flow Resistance

22

VRA Wind Resistance Test

Flow testing

Parametric study
Test procedure development

Wind Tunnel

Benchmarking - Data
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NRC wind tunnel
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• 10’ x 20’
• Open-circuit tunnel
• 100 mph wind

wind

24

Up to failure 
or max. 
capacity

Wind speed protocol
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wind

MVRA
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MVRA – failure mode

wind
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MVRA – failure mode

wind

MVRA- failure mode
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M1
M3

M2

Resisting force due to weight
Net uplift force at the corner
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BVRA
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Wind shear force

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

wind

30

BVRA
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BVRA

31

Load cell

32

BVRA – failure mode

Wind erosion

Wind
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56 km/h 67 km/h

95 km/h

Wind erosion

Overturning

BVRA – failure mode

34

Overturning
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Wind speed protocol + failure

36

Flow Resistance

In a commercial lab

In collaboration with 
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• 150 mph (240 km/h)

Wind flow facility

38

Wind flow facility
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Up to failure
or max. speed

3 minWind speed protocol
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Load cells
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BVRA construction

41

72”
78”

12”

BVRA installation

42
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BVRA challenges
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“As-built” “1-year-grown” 

Resistance ?
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Effect of vegetation growth
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Built-in-place :BVRA

-more than 40 specimens
-same plants (sedum)
-irrigation plan
-no fertilizer
-no replacement after a year

46

As-built 12-weeks 1-year

Built-in-place VRA: BVRA
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Source 1
Coverage: 68%

Source 2
Coverage: 38%

Source 4
Coverage: 90%

Source 3
Coverage: 78%

12-weeks
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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 )

“As-built” “1-year-grown” 
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Effect of vegetation growth

Growth Modify Factor, GMF

50

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

0.80 1.43 0.43 0.75density "as-built" g/cm3
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ρ (g/cm3), density “as-built”

(*) GMF no greater than 1.3

Standard approach

52

“As-built” 

“1-year-grown” 

Three 
identical 

tests

Wind Resistance “As-built”

BVRA
Wind 

Resistance

CSA-A123.24

GMF

GMF = 1.6 - (ρ x 0.5)



4/12/2024

27

53

GMF

Depends on “as-
built” density

Tests “as-built”Flow chart 
(from CSA123.24)

To account for 
the vegetation
growth:
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VRA wind resistance
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VRA wind resistance
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VRA wind resistance
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Wind Uplift Resistance
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Wind uplift resistance
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MARS

AARS

PARS

(Not applicable to VRA)

Wind uplift resistance

60

MARS PARS AARS

Wind uplift resistance
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Wind uplift

Roofing System Construction

Wind uplift resistance
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Wind uplift resistance
Wind uplift

Example: MVRA System Construction
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Wind uplift

Typical uplift testing
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Wind uplift

Failure mode
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VRA wind resistance

66

Application

3 steps

1- Design wind data (pressure and wind speed) from Code

2- Resistance by testing using CSA 123.24

3- Code VERIFICATION:  

Resistance (Pr, Vr) >  Design (Pd, Vd)
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BVRA

A building‐owner wants to install a BVRA on a building.

Two options of BVRAs (Source_1 and Source_2)

Application

68

1- Design 

Design 
wind uplift

Design 
wind speed
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1- Design 

Design 
wind uplift

Design 
wind speed

Vd = 56 mph (93 km/h)

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)

70

2- Resistance UPLIFT

Lab results

Resistance
wind uplift
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2- Resistance FLOW

72

2- Resistance FLOW: typical result
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Obtain W1, W2, W3 and calculate Waverage1

2

4 5

Calculate Coefficient of Variation, COV

COV ≤ 15%
NO, more data needed

YES

Determine Growth Modifier Factor, GMFDetermine Resistance Factor, ∅

3

BVRA Wind Resistance, WR = Waverage x  ∅ x  GMF6

Lab work!

2- Resistance Wind Flow

74

(iii) Coefficient of Variation, COV                       11%                        6% 

Waverage 112 km/h              148 km/h 

Source_1 Source_2

(ii) Standard deviation,          SD                      14.86                      9.90

Resistance factor,        ∅ 0.64 0.70

COV ≤ 15%

GMF = 1.6 - (ρ x 0.5)  

Average “as-built” density, ρ (g/cm3) 0.80

1.20

1.00

1.10

1

2

3

4

5

6WR = Waverage x  ∅ x  GMF 86 km/h 114 km/h

2- Resistance WIND SPEED

Lab results

(i) Three identical tests (W1, W2, W3)
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3- Verification

Pd = -2.5kPa 
Vd = 108 km/h

MET!

Did NOT meet

CSA 123.24

Pr1 = -2.8kPa 
Vr1= 86 km/h

Pr2 = -3.3kPa 
Vr2= 114 km/h

CSA 123.24

BVRA- S1

BVRA- S2
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3- Verification

Pd = -2.5kPa 
Vd = 108 km/h

MET!

Did NOT meet

CSA 123.24

Pr1 = -2.8kPa 
Vr1= 86 km/h

Pr2 = -3.3kPa 
Vr2= 114 km/h

CSA 123.24

BVRA- S1

BVRA- S2
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3- Verification

Pd = -2.5kPa 
Vd = 108 km/h

MET!

Did NOT meet

CSA 123.24

Pr1 = -2.8kPa 
Vr1= 86 km/h

Pr2 = -3.3kPa 
Vr2= 114 km/h

CSA 123.24

BVRA- S1

BVRA- S2
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CRCA magazine fall/winter 2021
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NBCC
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NBCC

Questions?

mauricio.chavez@nrc-cnrc.gc.ca


