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1 Background information

The purpose of this report is to provide a summary of the test outcomes and analysis results performed on the material
sample(s) supplied by the client. With the aim of understanding how the provide d samples may react to fire testing and
how the effects of ageing may impact the materials fire behaviour properties.

Thiswork was completedas part of the I nnoBYG spire project ACircular
under C@ Hub.

2 The test a pparatus

The test apparatus used for these studies was the Cone Calorimeter. This apparatus applies a quantified incident radiative
heat flux to the samples surface. Samples are approximately 10 cm x 10 cm in area, and may vary in thickness. The
method for using the Cone Calorimeter is as follows:

1. Incident heat flux is chosen

2. Sample is then placed below the shielded cone heater (which supplies the heat flux)

3. A spark ignitor is then put in place

4. The start of the test begins when the shutters are removed, and the surface of the sample is then expos ed to
said heat flux, and the spark ignitor activates

5. the sample will then ignite (after a certain period which is dependent on the samples composition)

6. heat release from the sample is then measured via oxygen consumption calorimetry as the combustion gases are
caught and then travel through the ducting (refer Figure 1)

The cone calorimeter can measure various fire metrics including; heat release per unit area, smoke production, mass loss
rate, time to ignition etc.

The Cone Calorimeter:

Laser extinction beam including
temperature measurament

Temperature and differential pressure
measuraments taken here

Soot sample tube location

Exhaust
hood

l Gas samples Cone heater
taken here
Soot collection filter \lr s ) Spark
Controlled '.’.i:" L= igniter
‘l’--_________-_-_-_
Sampla

Load cell

Vartical orientation

Figure 1 - Schematic of the Cone calorimeter
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DBI

2.1 Materials

The materials for this project were supplied by Danish Technological Institute.

Table 1 - materials summary

Sample ID Sample name

A Paper fibre insulation
B Lamb wool

C Wood fibre insulation
D Cork

E Straw

F Seagrass

Each sample material was provided for testing in two forms 7 anon-a g e d -tHfesthfe |l f 6 sampl e and
artificially aged sample. The purpose being to investigate if the aging process, to which the materials have

been exposed, showed any change in performance with regards to fire behaviour. Readers are referred to the

report 0T | dning af isoleringsmateFRoirasllearg Itaivle tp ladfn ionrggsammei t sokdee
Institut, J anuary 2019 for more detailed information on the materials and the ageing procedure.

Test inputs: The only test input chosen in this testing is the incident heat flux to the sample from the cone
apparatus. This value can be varied from approximately 10-75 kW/m?2. For this test series the choice of heat
flux (35 kW/m?) was decided as the best heat flux level to begin testing. This decision was based on the
requirements for the Single Burning Item (SBI) test (Euroclass classification test for these products), and in
order to achieve an increased possibility of noticing differences between the aged and non-aged samples.

3 Results and Analysis

The main output from the cone calorimeter is the heat release rate per unit area (HRRPUA) which is measured in kW/m?,
this is a time dependent curve that is a measure of how much heat the sample is releasing during the combustion
process. Other outputs include:

Total Heat Release (THR)T MJ/m?
Peak HRRi kW/m?

Smoke production rate (SPR)T m?/s
Total smoke production (TSP)
Smoke extinction area (SEA)i m?/kg
Time to ignition (tig) - s

Mass loss rate (MLR)i g/s.m?

E R ]

These outputs shall be used to perform the comparison between the aged and non-aged samples in order to determine if
the ageing process has any effect on the fire performance of these specimens.
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3.1 A1 Paper fibre insulation
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Figure 37 Smoke Production Rate results
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Table 2 7 Test output summary

Material name/ID See individual reports Report name See individual reports
Heat flux 35 kW/mz Surface area 88.4 cmz2
Orientation Horizontal Retainer frame used? Yes

Test averages

Test t{ig) t(fo) t{end) HRR(peak) tpeak THR HRR(60) HRR{180) HRR{3UU}I
(s) (s (s) (kW/m=2) (s) (M3/m=) (kwim=)  (kW/m2)  (kW/m2)

Mean 3.3 3243 898.8 164.08 6.3 28.03 96.30 74.33 59.89

1 3 344 Bas 171.35 10 30.13 101.44 76.12 63.67

2 4 477 890 157.20 5 31.25 98.20 77.95 65.73

3 3 222 920 167.39 5 25.34 92.34 72.69 54,95

4 3 254 890 160.37 3 25.38 93.23 70.58 55.20

Test Flux t Area m(i) mis) mi(F) Am MLR(aV) 7,000

(kW/m2)  (mm) {cm2) (g) {g) (g) (g/m2) {g/s'm2)  (gf/s'm?)

Mean 50 20.9 20.92 4.03 1910.4 2.36 2.48

i 35 50 58.4 23.13 23.13 5.07 2043.0 2.26 2.62

2 35 50 58.4 22.38 22.38 4.50 2022.6 2.27 2.72

3 35 50 88.4 19.22 19.22 3.14 1818.8 1.95 2.29

4 35 50 88.4 18.95 18.95 3.41 1757.4 2.97 2.29

Test THR(0-300) THR(D-600) THR(0-1200) EHC(av) SPR{av) SEA{av) Fuelload MARHE
(M3/m2) (MJ/mz) (M1/m2) (MJ'kg) (m2/s) (m2fkg) (M)kg) (kW/mz2)

Mean 18.24 2414 - 13.38 0.0007 32.00 11.84 127.91
1 19.30 26.15 - 14.74 0.0007 36.48 11.52 132.35
2 19.93 27.36 - 15.38 0.0004 20.69 12,35 126.37
3 16.81 21.47 - 13.93 0.0008 44.15 11.66 126.54
4 16.91 21.59 - 9.47 0.0007 26.67 11.84 126.39
Test Date Specimen # Line colour Filename

1 17/12/2018 1 C:\CC5\DATA\18120009.CSV

2 17/12/2018 2 C:\CC5\DATA\13120010.CSV

3 17/12/2018 3 ————  C:\CC5\DATA\13120011.C5V

4 17/12/2018 4 C:\CC5\DATA\18120012.CSV
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3.2 BT Lamb wool
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Figure 47 HRR Results
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Figure 57 Smoke Production Rate results
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Table 37 Test output summary

Material name/ID See individual reports Report name See individual reports

Heat flux 35 kW/mz2 Surface area 88.4 cm2

Orientation Horizontal Retainer frame used? Yes

Test averages

Test t(ig) tfo) t{end) HRR(peak) tpeak THR HRR(60) HRR(130) HRR{300)
(s) (s) (s) (lw/mz) (s) (Mym2)  (kw/m2)  (kW/m2)  (kW/m2)

Mean 4.5 130 300 170.95 10 7.93 100.62 41.77 25.90

1 3 124 300 164.13 10 7.54 96.39 40.29 25.19

2 4 140 300 183.31 10 B8.25 101.61 42,77 26.34

3 4 130 300 168.56 10 B8.02 101.78 41.91 25.68

4 5 126 300 167.80 10 7.90 102.68 42.09 26.38

Test Flux t Area m({i) m(s) m(f) Am MLR{aV) /7, 1050

(kw/m2)  (mm) (cm?2) (g) (9) (9) (g/m2)  (gfs'm2)  (g/s'm?)

Mean 50 10.7 10.56 4.92 638.5 213 3.14

1 35 50 B8.4 10.65 10.43 5.04 609.9 2.07 2.96

2 33 50 83.4 10.7 10.70 4.94 651.3 2.14 3.16

3 33 50 83.4 10.66 10.66 4.75 668.0 2.19 3.24

4 35 50 B8.4 10.67 10.45 4,92 624.8 2.12 3.22

Test  THR(0-300) THR(0-600) THR(0-1200) EHC(av) SPR(av) SEA(av) Fuelload MARHE
(M3/mz) (MJ/mz) (M3/mz) (MYkg)  (m2/s)  (m2z/kg) (Ml/kg)  (kW/m2)

Mean 8.07 8.57 - 12.35 0.0010 53.75 6.57 133.71
1 7.80 8.54 - 12.36 0.0009 48.34 6.26 129.09
2 8.25 8.58 - 12.50 0.0010 51.49 6.82 142.69
3 8.02 8.30 - 11.90 0.0011 55.535 6.65 136.63
4 8.20 8.85 - 12.65 0.0011 59.62 6.55 126.42
Test Date Specimen # Line colour  Filename

1 17/12j2018 1 C:\CC3\DATA\18120005.CSV

2 17/12/2018 2 C:\CC3\DATA\18120006.CSV

3 17/12/2018 3 —————  C:\CCS\DATA\18120007.CSV

4 17/12/2018 4 C:\CCS\DATA\18120008.CSV
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3.3 C1i Wood fibre insulation
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Figure 7 7 Smoke Production Rate results
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Table 47 Test output summary

Sample description See individual reports

Material name/ID Treefibre Report name See individual reports

Heat flux 35 kw/mz2 Surface area 83.4 cm2

Orientation Horizontal Retainer frame used? Yes

Test averages

Test tlig) t{fo) t{end) HRR{peak) tpeak THR HRR(&0) HRR{180) HRR{300)
(s) (s) (s) (kw/mz2) (s) (Myfmz) - (kW/m2)  (kW/m2)  (kW/m2}

Mean 3.5 320.8 868.8 75.67 8.8 20.23 52.14 44.99 39.27

1 4 305 895 76.62 10 19.88 50.61 43.97 38.52

2 3 224 810 69.56 10 16.90 50.35 43.06 35.20

3 3 309 885 B81.35 5 21.02 52.82 45.68 41.01

4 4 445 885 75.17 10 23.13 5477 47.23 42.34

Test Flux t Area m(i) m(s) m(f) Am MLR{aV) /7, 000

(kw/mz)  (mm) {cm=) (a) (a) (a) (g/mz)  (g/sm2) (g/s'mZ)

Mean 50 26.4 26.38 6.11 22929 2.63 2.84

1 35 50 88.4 26.15 26.15 5.82 2300.2 2.56 2.81

2 35 50 g88.4 26.39 26.39 6.83 2210.7 2.72 2.81

3 35 50 g88.4 26.36 26.36 5.92 2312.3 2.60 2.80

4 35 50 88.4 26.6 26.60 5.84 2348.5 2.65 2.94

Test  THR(0-300) THR(0-600) THR(0-1200) EHC(av) SPR(av) SEA(av) Fuelload MARHE
(M/m=) (MJ/mz2) (MJ/m2) (Mi/kg)  (m2/s)  (m2/kg)  (Ml/kg)  (kKW/m2)

Mean 11.85 16.84 - 8.80 0.0004 16.83 6.78 60.66
1 11.63 16.30 - 8.62 0.0005 21.438 6.72 59.72

2 10.67 14.66 - 7.64 0.0005 19.91 5.66 57.09

3 12.38 17.27 - 9.11 0.0004 15.74 7.05 64.46

4 12.74 19.13 - 9.84 0.0002 10.20 7.69 61.37

Test Date Specimen # Line colour  Flename

1 17/12/2018 C:\CC5\DATA\18120001.C5V

2 17/12/2018 2 C:\CC5\DATA\18120002.C5V

3 17/12/2018 3 ———————  C:\CCS5\DATA\18120003.CSV

4 17/12/2018 4 C:\CCS\DATA\18120004.CSV
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Figure 9 7 Smoke Production Rate results

Table 57 Test output summary

Material name/ID See individual reports Report name See individual reports

Heat flux 35 kW/mz2 Surface area 88.4 cm2

Orientation Horizontal Retainer frame used? Yes

Test averages

Test t(ig) tfo) t{end) HRR(peak) tpeak THR HRR(60) HRR(130) HRR{300)
(s) (s) (s) (lw/mz) (s) (Mym2)  (kw/m2)  (kW/m2)  (kW/m2)

Mean 11 0 895 149.32 16.3 57.79 95.52 73.88 69.14

1 11 895 139.14 15 53.54 B87.08 68.83 64.18

2 12 895 145.34 15 56.58 96.33 74.96 70.25

3 11 895 151.22 20 58.98 a4.67 71.19 67.15

4 10 895 161.57 15 62.08 104.01 B80.54 74.99

Test Flux t Area m({i) m(s) m(f) Am MLR{aV) /7, 1050

(kw/m2)  (mm) (cm?2) (g) (9) (9) (g/m2)  (gfs'm2)  (g/s'm?)

Mean 50 76.3 76.21 53.08 2615.7 2.94 2.88

1 35 50 B8.4 B81.95 81.82 59.08 2573.3 2.89 2.54

2 33 50 83.4 79.25 79.14 56.35 2577.6 2.90 2.84

3 33 50 83.4 71.91 71.78 48.17 2670.7 3.00 2.93

4 35 50 B8.4 72.18 72.09 48.74 2641.2 2.98 291

Test THR(0-300) THR(D-800) THR(D-1200) EHC{av) SPR{av) SEA(av) Fuelload MARHE

(M1/mz2) (M/m2) (MI/m2) (Mijkg) (m2/s)  (m2/kg) (MXkg)  (kKW/mz2)
Mean 20.38 40.13 - 22,11 0.0008 30.90 6.73 89.94
1 18.98 37.20 - 20.83 0.0006 22.25 5.78 83.46
2 20.67 39.20 - 21.95 0.0007 29.04 6.31 88.34
3 19.82 40.51 - 22.14 0.0008 32.02 7.25 90.31
4 22.07 43.63 - 23.50 0.0011 40.30 7.60 97.67
Test Date Specimen # Line colour  Filename
1 18/12j2018 1 C:\CC3\DATA\18120018.CSV
2 18/12/2018 2 C:\CC3\DATA\18120019.CSV
3 18/12/2018 3 —————  C:\CCS\DATA\18120020.CSV
4 18/12/2018 4 C:\CCS\DATA\18120021.CSV
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Table 6 7 Test output summary

Material name/ID See individual reports Report name See individual reports

Heat flux 35 kW/mz2 Surface area 88.4 cm2

Orientation Horizontal Retainer frame used? Yes

Test averages

Test tlig) t{fa) t{end) HRR(peak) tpeak THR HRR(60) HRR(180) HRR{300)
(s) (s) (s) (kw/mz} (s) (MIfm=)  (kwW/m2)  (kW/m2)  (kW/m?2)

Mean 4.3 422.8 790 173.10 8.8 31.21 111.14 81.55 67.25

1 7 479 890 157.01 10 35.40 106.93 81.41 09.37

2 5 303 Q05 184.77 10 28.84 111.05 76.04 00.94

3 3 436 895 163.96 10 34.44 113.60 85.35 70.09

4 2 473 470 186.66 3 26.14 113.00 83.40 68.58

Test Flux t Area m(i) m(s) m(f) Am MLR{aV) /7, 000

{(kw/m2)  (mm} (cm2) (a) (g9) (g9) (g/m2)  (g/fsm2) (g/s'm2)

Mean 50 48.3 48.20 12.29 4061.6 4.55 6.70

1 35 50 B88.4 49.8 49.61 16.94 3695.7 4.14 4,45

2 35 50 B88.4 49.6 49.45 20.27 3304.1 3.67 3.78

3 35 50 B88.4 46.2 46.20 11.96 3873.4 4.00 4.70

4 35 50 B88.4 47.5 47.50 0.00 5373.2 6.38 13.87

Test  THR(0-300) THR(0-600) THR(0-1200) EHC(av) SPR(av) SEA(av) Fuelload MARHE
(M/m=) (MJ/mz2) (MJ/m2) (Mi/kg)  (m2/s)  (m2/kg)  (Ml/kg)  (kKW/m2)

Mean 20.41 28.07 - 9.21 0.0001 2.64 5.72 132.63
1 21.01 29.98 - 9.56 0.0001 2.81 6.28 111.53
2 15.44 24.32 - 8.73 0.0001 1.91 5.14 131.86
3 21.23 29.03 - 9.60 0.0001 2.74 6.59 134.76
4 20.97 28.94 - 8.95 0.0002 3.00 4.87 152.36
Test Date Specimen # Line colour  Flename

1 18/12/2018 1 C:\CC5\DATA\18120024.C5V

2 18/12/2018 2 C:\CC5\DATA\18120025.C5V

3 18/12/2018 3 ———————  C:\CC5\DATA\18120022.CSV

4 18/12/2018 4 C:\CCS\DATA\18120023.CSV
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3.6 FI1 Seagrass

Figure 12 7 HRR Results

Figure 137 Smoke Production Rate results
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