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Today’s Goals:

 Provide overview of MRCA’s 2023 research project

 Summarize results of impact testing

 Answer questions
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Overview of Testing Program
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Problem Statement

 How does hail impact affect granule surfaced, modified bitumen 

membranes of various ages?
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Testing Objective

 Determine the extent of damage caused by hail impact to granular 

surfaced, modified bitumen membrane of various ages through 

physical testing and laboratory review and analysis.
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ASTM D3746
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ASTM D3746

 12” x 12” membrane sample

 Sample divided into 4 zones

 5 lb, 2” dia. steel missile

 Impact sample from 53” height

 Missile equates to 2” dia. hailstone

 Both have impact energy of 22 ft lbs (30 J)
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Sample Procurement

 All samples provided by MRCA T&R Committee members

 2-ply modified bitumen membrane from single manufacturer

 Membrane applied in cold adhesive

 2 cover board types – gypsum and wood fiber

 Samples of various ages – new, 5-year-old, and 10-year-old

 Samples came from in-service roofs in lieu of artificial weathering

 New samples were fabricated for the testing program
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Testing Procedure

1. Unpack and document samples as received

2. Trim to 12” x 12” sample size and divide samples into (4) 6” x 6” 

zones with 3” dia. circles as impact zones

3. Weights and granule counts (image analysis) pre-impact

4. Impact with 5 lb steel missile per ASTM D3746

5. Weights and granule counts (image analysis) post-impact

6. Desaturation of membrane samples

7. Microscopy of cross-sections
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Testing Procedure
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1 – Document Samples

 As-Received Samples

 (3) 16”x16” mod bit with gypsum cover board – 10 yrs old

 (3) 16”x16” mod bit with wood fiber cover board – 10 yrs old

 (3) 16”x16” mod bit with gypsum cover board – 5 yrs old

 (3) 16”x16” mod bit with wood fiber cover board – 5 yrs old

 (3) 16”x16” mod bit with gypsum cover board – new

 (3) 16”x16” mod bit with wood fiber cover board – new



Solutions for the Built World 12

1 – Sample Naming Convention

Sample No. Cover Board TypeMembrane TypeSample Age

Sample No. 11Gypsum Cover BoardGModified BitumenMBNewN

Sample No. 22Wood Fiber Cover BoardW5 Years Old5

Sample No. 3310 Years Old10

 Label created for each sample
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1 – Photograph Samples

 Sample Photos (as received)

5 and 10 year old samples
wood fiber cover board
(Jim Ramser, T&R member )

5 and 10 year old samples
gypsum cover board
(Kurt Steinkuhler, T&R member )

New samples
gypsum/wood fiber cover board 
(Chris Daly, T&R member )
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1 – Photograph Samples

 Cross sections of as received samples
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2 – Trim Samples

 Samples trimmed to 12” x 12” test size
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2 – Divide Samples into Zones

 Samples divided into zones and 3” dia. circles added

5 and 10 year old samples
wood fiber cover board
(Jim Ramser, T&R member )

5 and 10 year old samples
gypsum cover board
(Kurt Steinkuhler, T&R member )

New samples
gypsum/wood fiber cover board 
(Chris Daly, T&R member )
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2 – Sample Zones

Zone 1 – image analysis
manual granule 
counts

Zone 2 – image analysis

Zone 3 – image analysis
desaturation

Zone 4 – image analysis
cross section
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3 – Sample Weights (pre-impact)
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3 – Image Analysis (pre-impact)

 Granule Counts (prior to impact)

 “Image Analysis” – Computer program is used to analyze a high-

resolution photograph to identify features of interest (granules). 

A black and white image is created from the original color image 

(color thresholding). This enables the computer program to 

determine quantitative information regarding the image (granule 

counts and exposed asphalt area).
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3 – Image Analysis



3 – Image Analysis
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Initial image Convert to binary 
(black and white)

Filter out noise



3 – Image Analysis
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Initial image Identify granules 
(coarse)

Identify granules 
(fine)



3 – Image Analysis
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 Manual Granule Counts

 2.5” diameter area within the 3” diameter impact zone

 Image analysis results compared to manual granule counts, 

conducted on one quadrant of each sample

– Assists in optimization of code

– Allows for better understanding of granule systems-

spacing, quality of adhesion, etc. 



3 – Manual Counts
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4 – Sample Impact

 ASTM D3746 Standard Test Method for Impact Resistance of Bituminous 

Roofing Systems

 Impact missile per ASTM
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4 - Testing Apparatus
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4 - Impact Testing
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4 - Impact Testing
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5 – Sample Weights (post-impact)
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5 – Granule Weights

Weight (g)Number of 
Granules

0.00491

0.040210

0.3138100

2.11151000

4.06991700
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5 – Granule Weights
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5 – Granule Weights

• 2.5” Diameter (7.85 in2) Circle on a New Roof

• Average Number of Granules: 2,800

• Approximate Weight of these Granules: 6 g, or 0.013 lb

• Approximate Number of Granules Lost After One Impact: 20

• Approximate Weight of these Lost Granules: 0.8 g, or 0.002 lb
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5 – Granule Weights

• Extrapolate to a 10’ by 10’ Roofing Square (100 ft2)

• Approximate Number of Granules: 5,140,000

• Approximate Weight of these Granules: 1,100 g, or 2.42 lb

• Approximate Number of Lost Granules (assume 10 impacts per 

square): 200

• Approximate Weight of Lost Granules: 0.6276 g, or 0.0014 lb



5 – Image Analysis (post-impact)
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 Granule Counts (post-impact)

 Manual and image analysis counts were conducted in the 

same manner as before impact

 Allows for comparison of individual granules lost, and the 

additional area of asphalt exposed after impact

– cover board 

– age of roof



5 – Pre/Post Impact Comparison
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N-MB-G-1

Pre-impact Post-impact



5 – Pre/Post Impact Comparison
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N-MB-G-1. Not much noticeable change; very few granules lost

Pre-impact Post-impact



5 – Pre/Post Impact Comparison
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N-MB-W-1

Pre-impact Post-impact



5 – Pre/Post Impact Comparison
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N-MB-W-1. Not much noticeable loss; very few granules lost

Pre-impact Post-impact



5 – Pre/Post Impact Comparison
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5-MB-G-1

Pre-impact Post-impact



5 – Pre/Post Impact Comparison
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5-MB-G-1. Areas with fewer granules are visible, but still few lost

Pre-impact Post-impact



5 – Pre/Post Impact Comparison
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5-MB-W-1

Pre-impact Post-impact



5 – Pre/Post Impact Comparison
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5-MB-W-1. Areas with fewer granules are visible, some cracked or removed

Pre-impact Post-impact



5 – Pre/Post Impact Comparison
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10-MB-G-1

Pre-impact Post-impact



5 – Pre/Post Impact Comparison

Solutions for the Built World 44

10-MB-G-1. Granules breaking or changing shape, resulting in more granules

Pre-impact Post-impact



5 – Pre/Post Impact Comparison
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10-MB-W-1

Pre-impact Post-impact



5 – Pre/Post Impact Comparison
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10-MB-W-1. Granules breaking or being crushed, in addition to loss

Pre-impact Post-impact



5 – Pre/Post Impact Comparison
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N-MB-W-3. Cracking of granules observed

Pre-impact Post-impact
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6 - Desaturation

 Desaturation – process of removing the asphalt from the membrane 

to expose the reinforcement
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6 - Desaturation
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6 - Desaturation
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6 - Desaturation
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6 - Desaturation

 Cap sheet - polyester and fiberglass dual reinforcement 
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6 - Desaturation

 Base sheet - fiberglass reinforcement 



7 - Microscopy
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 Cross sections of zone 4 

 Gypsum (N, 5, 10)

 Wood Fiber (N, 5, 10)

Delamination within 
Cover Board

Cracking of Cover 
Board

Sample Substrate

6 of 99 of 9Gypsum

1 of 90 of 9Wood Fiber



7 - Microscopy
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5-MB-G-1- Surface-parallel cracking just below surface of gypsum; potential 
radial cracking, too fine to determine if radial cracks are full depth of gypsum



7 - Microscopy
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10-MB-G-3- Full separation of gypsum and bitumen at interface; radial cracking 
extending full depth of gypsum from impact site



7 - Microscopy
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N-MB-W-1- No visible cracking or separation of the asphalt from the wood 
fiber board



7 - Microscopy
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10-MB-W-2- Full separation of the asphalt from the wood fiber board on one 
half of observed area

Bottom of Asphalt Top of Cover Board
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Results of Impact Testing



Results of Impact Testing

Solutions for the Built World 60

 New Samples with Gypsum Cover Board

Exposed 
Asphalt Post-
Impact

Exposed 
Asphalt Pre-
Impact

# Granules 
Post-Impact

# Granules 
Pre-Impact

Sample

32.1%*32.3%27262730N-MB-G-1

34.5%34.2%27722810N-MB-G-2

36.3%35.1%27312742N-MB-G-3

34.3%33.9%27432761Average
*Less exposed asphalt due to granule redistribution from impact 



Results of Impact Testing
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 5-year-old Samples with Gypsum Cover Board

Exposed 
Asphalt Post-
Impact

Exposed 
Asphalt Pre-
Impact

# Granules 
Post-Impact

# Granules 
Pre-Impact

Sample

35.6%35.0%213521505-MB-G-1

35.3%34.2%246424725-MB-G-2

34.6%32.4%209321045-MB-G-3

35.2%33.9%22312242Average



Results of Impact Testing
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 10-year-old Samples with Gypsum Cover Board

Exposed 
Asphalt Post-
Impact

Exposed 
Asphalt Pre-
Impact

# Granules 
Post-Impact

# Granules 
Pre-Impact

Sample

40.3%38.7%1637167410-MB-G-1

41.5%39.7%1966203410-MB-G-2

44.8%42.1%1778182710-MB-G-3

42.2%40.2%17941845Average



Results of Impact Testing
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 New Samples with Wood Fiber Cover Board

Exposed 
Asphalt Post-
Impact

Exposed 
Asphalt Pre-
Impact

# Granules 
Post-Impact

# Granules 
Pre-Impact

Sample

43.1%42.7%25462569N-MB-W-1

32.4%*32.8%27342770N-MB-W-2

36.4%35.0%2830**2822N-MB-W-3

37.3%36.9%27032720Average
*Less exposed asphalt due to granule redistribution from impact
**Higher granule count due to cracking of granules 



Results of Impact Testing
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 5-year-old Samples with Wood Fiber Cover Board

Exposed 
Asphalt Post-
Impact

Exposed 
Asphalt Pre-
Impact

# Granules 
Post-Impact

# Granules 
Pre-Impact

Sample

33.9%*34.0%223822645-MB-W-1

34.1%33.2%217723315-MB-W-2

37.2%36.5%210521435-MB-W-3

35.1%34.6%21732246Average
*Less exposed asphalt due to granule redistribution from impact 



Results of Impact Testing
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 10-year-old Samples with Wood Fiber Cover Board

Exposed 
Asphalt Post-
Impact

Exposed 
Asphalt Pre-
Impact

# Granules 
Post-Impact

# Granules 
Pre-Impact

Sample

57.5%57.2%1835185410-MB-W-1

58.2%*58.4%1538155010-MB-W-2

51.7%50.8%1835185410-MB-W-3

55.8%55.5%17361753Average
*Less exposed asphalt due to granule redistribution from impact 



Results of Impact Testing
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 Average of all New, 5, and10-year-old Samples

Exposed 
Asphalt Post-
Impact

Exposed 
Asphalt Pre-
Impact

# Granules 
Post-Impact

# Granules 
Pre-Impact

Sample

34.3%33.9%27432761N-MB-G

35.2%33.9%223122425-MB-G

42.2%40.2%1794184510-MB-G

37.3%36.9%27032720N-MG-W

35.1%34.6%217322465-MB-W

55.8%55.5%1736175310-MB-W
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Summary of Findings



Findings – New Samples
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 Gypsum Cover Board

 Granule counts decreased by an average of 18 due to impact.

 Exposed asphalt area increased by 0.4% due to impact.

 Wood Fiber Cover Board

 Granule counts decreased by an average of 17 due to impact.

 Exposed asphalt area increased by 0.4% due to impact.



Findings – 5-year-old Samples
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 Gypsum Cover Board

 Granule counts decreased by an average of 11 due to impact.

 Exposed asphalt area increased by 1.3% due to impact.

 Wood Fiber Cover Board

 Granule counts decreased by an average of 73 due to impact.

 Exposed asphalt area increased by 0.5% due to impact.



Findings – 10-year-old Samples
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 Gypsum Cover Board

 Granule counts decreased by an average of 51 due to impact.

 Exposed asphalt area increased by 2.0% due to impact.

 Wood Fiber Cover Board

 Granule counts decreased by an average of 17 due to impact.

 Exposed asphalt area increased by 0.3% due to impact.



Testing Results Summary: Granule Counts
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Testing Results Summary: Exposed Asphalt
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Testing Results Summary: Exposed Asphalt
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Testing Results Summary: Exposed Asphalt
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Conclusions
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 Quantity of granules on membrane decreases with age. 

 Exposed asphalt area generally increases with membrane age.

 Larger increase between 5 and 10 years than between new and 5 

years

N-MB-G-1 5-MB-G-1 10-MB-G-1



Conclusions
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 Exposed asphalt area generally increases more upon impact with 

gypsum cover board than it does with wood fiber cover board. 

Change In 
Exposed Area 
After Impact

Exposed Asphalt 
Post-Impact

Exposed Asphalt 
Pre-Impact

Sample

+0.4%34.3%33.9%N-MB-G

+0.4%37.3%36.9%N-MB-W

+1.3%35.2%33.9%5-MB-G

+0.5%35.1%34.6%5-MB-W

+2.0%42.2%40.2%10-MB-G

+0.3%55.8%55.5%10-MB-W



Conclusions
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 Impacts did not fracture membrane reinforcement.



Conclusions
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 Impact causes facer separation from gypsum 

core at impact sites with gypsum cover 

board.

 Cracking of the gypsum cover board was 

observed at the impact site.

 Wood fiber cover board generally appeared 

to be unaffected by impact. 



Conclusions
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 Image analysis accuracy is variable due to differences within the 

granules (shape, color, texture, size)

 Under-segmentation (identify too few boundaries)

2 granules 
counted as 1

3 granules 
counted as 1

79



Conclusions
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 Image analysis accuracy is variable due to differences within the 

granules (shape, color, texture, size)

 Over-segmentation (identify excessive boundaries)

1 granule 
counted as 4

1 granule 
counted as 2



Future Research and Testing Ideas
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 Uplift testing of impacted roof systems (w/ separated cover board)

 Impact study on different types of membrane

 Single ply

 Smooth surface mod bit

 Coated membranes

 Impact study on different types of substrates

 Polyiso

 HD polyiso

We want your input! 
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Questions?

Thank You


