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1.0 INTRODUCTION 

 
At the request of Kuwait Insulating Materials Manufacturing Co. S.A.K (KIMMCO), Element 
Materials Technology was retained to evaluate a sample of the KIMMCO-ISOVER glass mineral 
wool rigid pipe insulation in conformance with ASTM C547-19, “Standard Specification for Mineral 
Fibre Pipe Insulation”. 
 
Upon receipt, the materials were assigned the following Element Sample Numbers: 

Client Sample Description Element Sample No. 

KIMMCO-ISOVER Glass Mineral Wool Rigid Pipe Insulation 
Type 1, Nominal: 64 kg/m3 

21-06-P0009 

 
2.0 PROCEDURE 

 
The sample was tested in conformance with ASTM C547-19 for the following tests: 
 

Test Description Test Methods 

Maximum Use and Exothermic Temperature ASTM C411/C447 

Thermal Conductivity ASTM C335 

Dimensions and Density ASTM C302 

Linear Shrinkage ASTM C356 

Water Vapour Sorption ASTM C1104 

Surface Burning Characteristics / Smoke Development ASTM E84 

 
3.0 RESULTS 

 
3.1 HOT SURFACE PERFORMANCE (ASTM C411and C447) 

 

Specimen Dimensions: 1,000 mm × 50 mm thick x 89 mm ID 

Equipment: Exova Guarded Hot Pipe Test Apparatus   MII# A11988 
Measurement: Measuring tape   MII# B12690 
 Sartorius digital balance   MII# B12518 
Test Conditions: 454°C 
Test Duration: 96 hours 
Sample Orientation: Horizontal 
Test Date: 2021-01-26 to 2021-01-30 
 
A summary of results are presented below in Table 1 and Figures 1, 2 and 3. 
 
SI units is the primary unit of measure. 
 

Table No. 1 – Maximum Use and Exothermic Temperature Results 
ASTM C411-17/C447-15 

Element Sample No.: 21-06-P0009 

Test Criteria Observed 

Average hot surface temperature 453.42oC 

Average mid-point temperature 247.70oC 

Average cold surface temperature 95.68oC 

Maximum mid-point temperature 257.24oC 

Temperature rise due to combustion 9.54oC 

Initial density 58.63 kg/m3 
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Table No. 1 cont’d – Maximum Use and Exothermic Temperature Results 
ASTM C411-17/C447-15 

Element Sample No.: 21-06-P0009 

Final density 57.10 kg/m3 

Weight loss 2.61% 

Sag 0.35 % (0.2 mm) 

Linear shrinkage 0 % 

Warpage None 

Cracking None 

Delamination None 

Flaming None 

Glowing None 

Smoldering None 

Smoking None 

Melting None 

Dripping None 

Other 
Permanent discoloration of the insulation adjacent 

to the hot surface. 

 
 
 

 
 

Figure 1: Graph of the temperatures recorded during the first 6 hours. 
 

  

0

50

100

150

200

250

300

350

400

450

500

0:00 1:00 2:00 3:00 4:00 5:00

Te
m

p
e

ra
tu

re
 (

o
C

)

Time (hh:mm)

Hot Surface Performance (ASTM C411-17)
KIMMCO-ISOVER Glass Mineral Wool Rigid Pipe Insulation , Type 1

Element Sample No. 21-06-P0009

Hot Surface Mid-point Cold Surface



  
 
Evaluation of KIMMCO-ISOVER Glass Mineral Wool Rigid Pipe Insulation Page 4 of 14 
For Kuwait Insulating Materials Manufacturing Co. S.A.K (KIMMCO) Report No. 21-06-P0009 Rev.1
  

 

 
 

 
 

Figure 2: Graph of the temperatures recorded during the 96 hour test period. 
 
 

 
Figure 3: View of the pipe insulation after 96 hours at 454°C 

 
3.1.1 CONCLUSION 

 
The sample of the KIMMCO-ISOVER glass mineral wool rigid pipe insulation meets with the 
requirements of ASTM C547-19 for maximum use temperature of 454°C and obtained a sag of 
0.35%. 
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3.2 THERMAL CONDUCTIVITY (ASTM C335 and C1045) 
 

Specimen Dimensions: 1,000 mm long × 89 mm ID × 50 mm thick 

Equipment: Exova Guarded End Hot Pipe Test Apparatus,  MII# A11988 
Verification: Calcium Silicate Transfer Standard 
Measurement: Measuring tape,   MII# B12690 
 Sartorius digital balance,   MII# B12518 
Test Conditions: Mean temperatures 38°C, 93°C, 204°C and 280°C 
 Tested from low to high temperature using natural convection. 
Sample Orientation: Horizontal. 
Test Date: 2021-02-02 to 2021-02-11. 
 
Description of Guarded End Test Apparatus 
The test apparatus consists of a 88.9 mm diameter steel pipe subdivided into 3 sections consisting 
of a 610 mm main test section with 2 guard sections each 200 mm in length.  Each section’s surface 
temperature is controlled by an independent process controller.  The temperature of the guard 
sections are maintained within 1oC of the main section. 
 
The main test section’s surface temperature is measured by 6 Type K thermocouples imbedded in 
the surface of the pipe.  These are spaced equally along the length and circumference.  The test 
sample’s outer surface is measured by 8 Type K thermocouples mounted directly above the test 
apparatus’ main test section at two locations at 45o intervals.  The test sample was fastened to the 
test pipe using 6 mm wide stainless steel straps. 
 
The thermal bridges between the guard heaters are each monitored by 8 Type K thermocouples 
mounted in the surface of the guard and main sections.  There is also 1 surface Type K 
thermocouple that measures the guard surface temperature at the midpoint. 
 
The thermocouple inputs and voltage inputs are monitored in real time by a Measurement 
Computing USB-2416 data acquisition module.  The test data and results are displayed numerically 
and graphically using a Labview program. 
 
The verification test results from 38 oC to 371 oC obtained an average precision of -1.6%.  This is 
well within the “Precision and Bias” statement in ASTM C335 that states, “The maximum deviation 
obtained by seven different laboratories from the average was +10% and -9% over the hot surface 
temperature range of 46 oC to 670 oC”. 
 
A summary of the test results are presented in Tables 1 through 7 and Figures 1, through 3.  SI 
units are the primary units of measure. 
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Table 2 – Thermal Transmission Properties at 38oC 
ASTM C335/335M-17 

Exova Sample No.: 21-06-P0009 

Description 
Results 

Value SI Units Value Imperial Units 

Sample thickness 52.00 mm. 2.047 in. 

Sample density, initial 55.71 kg/m³ 3.48 lb/ft³ 

Sample density, final 54.25 kg/m³ 3.39 lb/ft³ 

Ambient room temperature, (ta) 25.82 °C 78.48 °F 

Hot surface temperature, (to) (t1) 49.86 °C 121.75 °F 

Cold surface temperature, (t2) 27.60 °C 81.68 °F 

Temperature differential, (to - t2) 22.26 °C 40.07 °F 

Mean specimen temperature, 
((to + t2)/2) 

38.73 °C 101.71 °F 

Test section power input, (Q) 3.944 W 13.465 Btu/h 

Areal thermal conductance (C) 0.6893 W/m2.K 0.121 Btu/h·ft²·°F 

Areal thermal resistance (R) 1.4508 m2.K/W 8.238 °F.ft².h/Btu.in 

Areal thermal transference, (Tr) 0.4441 W/m2.K 0.078 Btu/h·ft²·°F 

Sample lineal thermal conductance, 
(CL) 

0.2906 W/m.K 2.015 Btu.in/h.ft².°F 

Sample lineal thermal resistance, 
(RL) 

3.4406 m.K/W 0.496 oF.ft2.h/BTU·in 

Sample lineal thermal transference, 
(Trp) 

0.2691 W/m.K 1.866 Btu.in/h.ft².°F 

Sample thermal conductivity, 
(Lambda p) 

0.03584 W/m.K 0.248 Btu.in/h.ft².°F 

Sample thermal resistivity, (rL) 27.9018 m.K/W 4.024 °F.ft².h/Btu.in 

Surface areal heat transfer 
coefficient, (h2) 

5.9979 W/m2.K 1.056 Btu/h·ft²·°F 
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Table 3 – Thermal Transmission Properties at 93oC 
ASTM C335/335M-17 

Exova Sample No.: 21-06-P0009 

Description 
Results 

Value SI Units Value Imperial Units 

Sample thickness 52.00 mm. 2.047 in. 

Sample density, initial 55.71 kg/m³ 3.48 lb/ft³ 

Sample density, final 54.25 kg/m³ 3.39 lb/ft³ 

Ambient room temperature, (ta) 26.28 °C 79.30 °F 

Hot surface temperature, (to) (t1) 152.33 °C 306.19 °F 

Cold surface temperature, (t2) 35.18 °C 95.32 °F 

Temperature differential, (to - t2) 117.15 °C 210.87 °F 

Mean specimen temperature, 
((to + t2)/2) 

93.76 °C 200.76 °F 

Test section power input, (Q) 23.640 W 80.707 Btu/h 

Areal thermal conductance (C) 0.7848 W/m2.K 0.138 Btu/h·ft²·°F 

Areal thermal resistance (R) 1.2741 m2.K/W 7.235 °F.ft².h/Btu.in 

Areal thermal transference, (Tr) 0.5077 W/m2.K 0.089 Btu/h·ft²·°F 

Sample lineal thermal conductance, 
(CL) 

0.3310 W/m.K 2.295 Btu.in/h.ft².°F 

Sample lineal thermal resistance, 
(RL) 

3.0209 m.K/W 0.436 oF.ft2.h/BTU·in 

Sample lineal thermal transference, 
(Trp) 

0.3077 W/m.K 2.133 Btu.in/h.ft².°F 

Sample thermal conductivity, 
(Lambda p) 

0.04081 W/m.K 0.283 Btu.in/h.ft².°F 

Sample thermal resistivity, (rL) 24.5038 m.K/W 3.534 °F.ft².h/Btu.in 

Surface areal heat transfer 
coefficient, (h2) 

7.1902 W/m2.K 1.266 Btu/h·ft²·°F 
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Table 4 – Thermal Transmission Properties at 204oC 
ASTM C335/335M-17 

Exova Sample No.: 21-06-P0009 

Description 
Results 

Value SI Units Value Imperial Units 

Sample thickness 52.00 mm. 2.047 in. 

Sample density, initial 55.71 kg/m³ 3.48 lb/ft³ 

Sample density, final 54.25 kg/m³ 3.39 lb/ft³ 

Ambient room temperature, (ta) 25.69 °C 78.24 °F 

Hot surface temperature, (to) (t1) 353.71 °C 668.68 °F 

Cold surface temperature, (t2) 55.32 °C 131.58 °F 

Temperature differential, (to - t2) 298.39 °C 537.10 °F 

Mean specimen temperature, 
((to + t2)/2) 

204.52 °C 400.13 °F 

Test section power input, (Q) 91.949 W 313.914 Btu/h 

Areal thermal conductance (C) 1.1985 W/m2.K 0.211 Btu/h·ft²·°F 

Areal thermal resistance (R) 0.8344 m2.K/W 4.737 °F.ft².h/Btu.in 

Areal thermal transference, (Tr) 0.7588 W/m2.K 0.134 Btu/h·ft²·°F 

Sample lineal thermal conductance, 
(CL) 

0.5055 W/m.K 3.505 Btu.in/h.ft².°F 

Sample lineal thermal resistance, 
(RL) 

1.9783 m.K/W 0.285 oF.ft2.h/BTU·in 

Sample lineal thermal transference, 
(Trp) 

0.4598 W/m.K 3.188 Btu.in/h.ft².°F 

Sample thermal conductivity, 
(Lambda p) 

0.06232 W/m.K 0.432 Btu.in/h.ft².°F 

Sample thermal resistivity, (rL) 16.0458 m.K/W 2.314 °F.ft².h/Btu.in 

Surface areal heat transfer 
coefficient, (h2) 

8.4003 W/m2.K 1.479 Btu/h·ft²·°F 
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Table 5 – Thermal Transmission Properties at 280oC 
ASTM C335/335M-17 

Exova Sample No.: 21-06-P0009 

Description 
Results 

Value SI Units Value Imperial Units 

Sample thickness 52.00 mm. 2.047 in. 

Sample density, initial 55.71 kg/m³ 3.48 lb/ft³ 

Sample density, final 54.25 kg/m³ 3.39 lb/ft³ 

Ambient room temperature, (ta) 25.03 °C 77.05 °F 

Hot surface temperature, (to) (t1) 484.40 °C 903.92 °F 

Cold surface temperature, (t2) 75.26 °C 167.47 °F 

Temperature differential, (to - t2) 409.14 °C 736.45 °F 

Mean specimen temperature, 
((to + t2)/2) 

279.83 °C 535.69 °F 

Test section power input, (Q) 172.056 W 587.399 Btu/h 

Areal thermal conductance (C) 1.6356 W/m2.K 0.288 Btu/h·ft²·°F 

Areal thermal resistance (R) 0.6114 m2.K/W 3.471 °F.ft².h/Btu.in 

Areal thermal transference, (Tr) 1.0139 W/m2.K 0.179 Btu/h·ft²·°F 

Sample lineal thermal conductance, 
(CL) 

0.6898 W/m.K 4.783 Btu.in/h.ft².°F 

Sample lineal thermal resistance, 
(RL) 

1.4496 m.K/W 0.209 oF.ft2.h/BTU·in 

Sample lineal thermal transference, 
(Trp) 

0.6144 W/m.K 4.260 Btu.in/h.ft².°F 

Sample thermal conductivity, 
(Lambda p) 

0.08505 W/m.K 0.590 Btu.in/h.ft².°F 

Sample thermal resistivity, (rL) 11.7578 m.K/W 1.696 °F.ft².h/Btu.in 

Surface areal heat transfer 
coefficient, (h2) 

9.2723 W/m2.K 1.633 Btu/h·ft²·°F 

 

 
Figure #4 

y = 8.39170930E-12x4 - 5.37798897E-09x3 + 1.74386880E-06x2 - 7.72863027E-05x + 3.65110281E-02
R² = 1.00000000E+00

y = 5.29395592E-23x4 + 7.79733297E-10x3 + 3.78636433E-17x2 + 9.81702736E-05x + 3.15330804E-02
R² = 1.00000000E+00
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Figure #5 
 
 

 
Figure #6:  Test sample mounted on the pipe test apparatus at 280oC 

 
The apparent thermal conductivity test results, for the KIMMCO-ISOVER glass mineral wool rigid 
pipe insulation, calculated in conformance with ASTM C1045-17 are shown below in Table 6. 
 

Table 6 Apparent Thermal Conductivity 
 

Mean Temperature Apparent Thermal Conductivity 

(oC) (oF) (W/m.K) (Btu.in/h.ft².°F) 

38  100.4 0.0353 0.245 

93  199.4 0.0413 0.286 

204  399.2 0.0582 0.404 

280  536.0 0.0761 0.528 

 
  

y = 5.32458673E-12x4 - 4.86363173E-09x3 + 3.42671355E-06x2 + 1.90546178E-04x + 4.37608390E-01
R² = 1.00000000E+00

y = 3.22670305E-12x4 - 2.94736402E-09x3 + 2.07659066E-06x2 + 1.15471109E-04x + 2.65190971E-01
R² = 1.00000000E+00
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3.2.1 CONCLUSION 
 
The sample of Type 1, KIMMCO-ISOVER glass mineral wool rigid pipe insulation meets with the 
requirements of ASTM C547-19 for apparent thermal conductivity at the mean temperatures it was 
evaluated. 
 
 

3.3 DIMENSIONS AND DENSITY (ASTM C302 - 13(2017)) 
 
Three specimens, as received, were evaluated in conformance with ASTM C302 - 13(2017). 
 
The test results are summarized below in Table 7.  SI units are the primary units of measure. 
 

Table 7 ─ Dimensions and Density ASTM C302 - 13(2017) 

Specimen Thickness Length O.D. I.D. Density 

# (mm.) (mm.) (mm.) (mm.) (kg/m3) 

1 50.97 998.5 191.53 89.64 59.18 

2 50.80 999.7 192.49 90.81 58.93 

3 50.43 1000.3 191.18 90.82 60.61 

Average 50.73 999.5 191.74 90.42 59.57 

 
 

3.3.1 CONCLUSION 
 
The sample of Type 1, KIMMCO-ISOVER glass mineral wool rigid pipe insulation, having a right 
annular cylindrical shape with a radially slit on one side, as shown in Figures 3 and 6, meets with 
the requirements of ASTM C547-19 and ASTM C585-10(2016) for dimensions and has a concentric 
of less than 5 mm. between the inner and outer bore. 
 
The specimens evaluated obtained an average density of 59.57 kg/m3. 
 
 

3.4 LINEAR SHRINKAGE (ASTM C356-17) 
 
The sample was evaluated in conformance with ASTM C356-17. 
 
Pre- Conditioning: 102°C for 24 hours 

After pre heating >24 hours for 23°C in desiccator for cooling. 
Test Conditions: Heat up   4.5 hours 

Soak at 454°C  24 hours 
   Cool to 55.5°C   5 hours 
   Carbolite Oven   MII# B10365 
   Thermocouple   MII# B13216 
   Digital Calipers   MII# B10644 
   Weight balance  MII# B12518 

Environ. Controller  MII# B14944 
 
Specimen Size:  150mm (Length) x 65mm (width) x 33mm (thickness); (nominal) 
   Extracted from pipe section 
    
Test Start Date:  2021-03-15 
Test End Date:  2021-03-17 
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A summary of results is presented below in Tables 8 through 11.  SI units are the primary units 
of measure. 
 

Table 8 – Linear Shrinkage (Length) 
ASTM C356-17 

Element Sample No.: 21-06-P0009 

Specimen  
No. 

Initial Length,  
mm 

Final Length,  
mm 

Change in Length, 
% 

1 152.35 151.30 0.69 

2 152.41 151.22 0.78 

3 153.15 151.89 0.83 

4 153.76 152.31 0.95 

Average 152.92 151.68 0.81 

Std. Dev. 0.67 0.51 0.11 

 
 

Table 9 – Linear Shrinkage (Width) 
ASTM C356-17 

Element Sample No.: 21-06-P0009 

Specimen  
No. 

Initial Width,  
mm 

Final Width,  
mm 

Change in Width,  
% 

1 63.36 62.72 1.00 

2 63.23 62.45 1.23 

3 63.20 62.20 1.58 

4 62.29 61.92 0.59 

Average 63.02 62.32 1.10 

Std. Dev. 0.49 0.34 0.41 

 

Table 10 – Linear Shrinkage (Thickness) 
ASTM C356-17 

Element Sample No.: 21-06-P0009 

Specimen  
No. 

Initial Thickness, 
mm 

Final Thickness, 
mm 

Change in 
Thickness, % 

1 40.02 38.98 2.58 

2 40.05 39.12 2.32 

3 38.85 40.30 -3.74 

4 39.64 39.38 0.65 

Average 39.64 39.45 0.45 

Std. Dev. 0.56 0.59 2.92 
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 Table 11 – Change in Mass 
ASTM C356-17 

Element Sample No.: 21-06-P0009 

Specimen No. Initial Mass, g Final Mass, g Change in Mass, % 

1 33.33 32.47 2.58 

2 36.03 35.00 2.86 

3 34.10 33.24 2.52 

4 34.25 33.29 2.80 

Average 34.43 33.50 2.69 

Std. Dev. 1.1 1.1 0.2 

 
 

3.4.1 CONCLUSION 
 
The sample of Type 1, KIMMCO-ISOVER glass mineral wool rigid pipe insulation meets with the 
requirements of ASTM C547-19 for linear shrinkage.  A linear shrinkage of 0.81% was obtained 
after the 24 hour soaking period at 454°C temperature. 
 
 

3.5 WATER VAPOUR SORPTION (ASTM C1104M-19) 
 
The sample was evaluated in conformance with ASTM C1104M-19.  SI units are the primary units 
of measure. 
 
Test Start Date:   2021-03-25 
Test End Date: 2021-03-29 
 
Measuring Instruments: Digital balance  MII# B17286 
     Digital calipers  MII# B10644 
 Envirotronics Chamber MII# A11786 
     Env. Control room MII# B11364 
 
Preheat:   102°C for 24 hours  
 
Test Conditions:  96 hrs. @ 95% RH & 49°C 
Specimen No.:   4 (four); half sections of the 150 mm diameter pipe. 
Sample Size (nominal):  150 mm (length) 

189 mm outer diameter  (OD) 
50 mm thickness (T) 
89 mm inner diameter (ID) 
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Test results are presented in Table 12, below: 

 

Table 12 – Water Vapor Sorption (ASTM C1104M-19) 

Element Sample No. 21-06-P0009 

Specimen 
No. 

Specimen Dimension 
Volume 
(cm³) 

Dry wt. 
(gm) 

Final wt. 
(without 
bag), g 

WVS 
(vol.%) 

WVS 
(wt %) 

Length 
(mm) 

Width 
(mm) 

Thickness 
(mm) 

1 154.92 151.97 53.27 12,541 114.05 114.60 0.04 0.48 

2 154.08 156.19 51.43 12,377 112.80 113.39 0.05 0.52 

3 154.72 151.87 51.43 12,085 120.00 120.62 0.05 0.52 

4 154.91 154.71 51.84 12,424 122.14 122.81 0.05 0.55 

Average 12,357 117.25 117.86 0.05 0.52 

 
 

3.5.1 CONCLUSION 
 
The sample of Type 1, KIMMCO-ISOVER glass mineral wool rigid pipe insulation meets with the 
requirements of ASTM C547-19 for water vapor sorption.  A water vapor sorption of 0.52% was 
obtained. 
 
 

3.6 SURFACE BURNING CHARACTERISTICS (ASTM E84-21) 
 
Please refer to Appendix A for the detailed test results. 
 
 

3.6.1 CONCLUSION 
 
The sample of Type 1, KIMMCO-ISOVER glass mineral wool rigid pipe insulation obtain a FSI of 0 
and a SDI of 15 meeting the requirements of ASTM C547-19. 
 
 

4.0 REVISION HISTORY 
 
Date:   Revision:   Comments: 
2021-04-20      0    Original Report 
2022-07-06       1    Revised section 3.3.1 to include shape 

and concentricity. 
 
 
Reported by:                                                       Approved by: 

 
 
 
ACCREDITATION: (A2LA) 
This report is related only to the sample identified and shall not be reproduced, except in full, without approval and is covered 

under Element Materials Technology Canada Inc. Standard Terms and Conditions of Contract, which is accessible at 

www.element.com, or by calling 1-866-263-9268.  Direct readings reported form the basis for acceptance or rejection (pass/fail) 
and to not take into account or incorporate uncertainty. 
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