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IN-SERVICE R-VALUES (ISR) FOR POLYISOCYANURATE
AND POLYURETHANE ROOF INSULATION BOARDS

The National Roofing Contractors Association (NRCA) and the Midwest Roofing Contractors As-
sociation (MRCA) recommend that designers, users, and other affected parties use an R-value
of 56 per inch of foam thickness as a reasonable guide when calculating thermal resistance of
polyisocyanurate and polyurethane insulation boards over their normal life in a roofing system.

Both time and material characteristics will cause R-values to vary. In place, R-values in roofing
systems cannot be predicted with absolute accuracy. Once insulation is in place, and aged, the
R-values will differ from the original value arrived at by artificially induced aging practices. An
in-service R-value (ISR) appropriate for the normal life of the roofing system should be used.
(See technical explanation attached.)

By requesting appropriate conditioning procedures and by specifying the material to meet
ASTM C-591-85, the owner will be helping to assure quality products.

The roofing contractor purchases the insulation materials and can duly note the initial R-value
and the ASTM designation stated by the supplier as well as the aging method used in arriving
at the R-value designation. The contractor does not produce or test these materials, and thus is
not responsible for the in place R-values in the roofing system.
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TECHNICAL EXAMINATION AND EXPLANATION
REGARDING POLYISOCYANURATE AND POLYURETHANE
ROOF INSULATION BOARDS
November, 1987

Technical evidence clearly indicates that a decay in the thermal performance of polyurethane
(PUR) and polyisocyanurate (PIR) thermal insulations occurs as the fluorocarbon gas in the
foam cells is replaced with air which has a higher thermal conductivity. It has been shown that
the initial R-value of these materials can decrease as follows:!

Conditioning at 75°%F . ... .. ... for 180 days......... average decrease 28%
Conditioning at 75°%F ... ... ... for 360 days......... average decrease 33%
Conditioning at 140°%F . .. .. ... for80 days.......... average decrease 32%
Conditioning at 140°%F . . ... ... for 180 days......... average decrease 37%

This data indicates that the R-values continue to decline from those reported (after conditioning
in accordance with the current manufacturers’ recommended aging practices). Several factors
have been identified in the technical literature that determine the initial and stablized (aged) B-
values of these foam insulations. They include, among others, cell properties and dimensions,
blowing agents, aging temperature, thickness, and facing materials.2

Although it has been established scientifically that PUR and PIR thermal insulations continue to
decay in R-value in service, the question arises as to what will be the final stabilized R-value
needed for design purposes? Unfortunately, there is no way to know or predict what the
ultimate R-value will be over its life because of changing technology, usage and thickness
effects, technical limitations of in situ testing and limitations with the testing of field samples as
pointed out by Michelsen.3 Further, there is no standard test protocol available to the industry to
predict accurately the effects of long-term, in-service aging on the degradation of the R-values.
The current artificial conditioning practices of either 75 for 180 days (RIC/TIMA 281-1) or the
more recently proposed 140°F for 90 days* are useful for determining initial R-values and
quality of the materials. However, published data shows that they are not indicative of the (in-
service) stabilized R-value needed for design purposes. In addressing this question of aged R-
values, an expert working group of the Canadian General Standards Board Thermal insulation
Committee concluded that in the absence of specific data on specific products, the PUR and
PIR thermal insulations protected with truly impermeable membranes should be assumed to be
equivalent in a five year, aged R-value to the unsurfaced product, ie., and R-value of 58 per
inch thickness.5

n summary, the ultimate stablized R-value of individual products are unknown and will depend
on multifarious factors. Further, technical evidence indicates that the reduction in the PUR and

PIR thermal performance over its lifespan will continue from the R-value established from either
the six month conditioning at 75°% or the 90 days at the 140°F temperature.

In the absence of specific data and information on specific products regarding the stablized (in-
service) R-value of PUR and PIR thermal insulation, and pending receipt of any additional
testing or studies, NRCA/MRCA have concluded that an R-value of 56 per inch thickness is a
reasonable value to be used when calculating thermal performance over the anticipated life of
the roof.

(OVER)




References for NRCA/MRCA Bulletin on Thermal Drift
of Polyisocyanurate and Polyurethane Roof Insulation Boards

1. G.F. Bauman Proceedings of SPI 26th Annual Technical Conference,
November 1981.

2. R.H. Varland ““Long-term k-Factor Aging of Rigid Urethane Foam Insulation’,
ASHRAE J., 8, 84-7, 98 (1966).

3. TW. Michelsen, Manville Technical Topics, 93, May 1987.

4. R.P. Tye “Literature Search and Recommended Procedure for Determining
Aged Thermal Values of Polyisocyanurate and Polyurethane Roof
Insulations'! Dynatech Scientific, Inc. Report to NRCA, MRCA & RIC/TIMA,
March 1987.

5. M.A. Kabayama, “Long-term Thermal Resistance Values of Cellular Plastic
Insulations’, Thermal Insulation J. Vol. 10, April 1987.

6. W.E. Kugler et al. “In Service Thermal Performance of Polyurethane and
Polyisocyanurate Roof Board Insulations’, Proceedings of 6th International
Conference on Roofing and Waterproofing, May 1986.

7. S.P. Muhlenkamp and S.E. Johnson “In Place Aging of Polyurethane Foam
Roof Insulations’ 7th Conference on Roofing Technology, April 1983.

8. D.A. Zarate and R.L. Alumbaugh, “Thermal Conductivity of Weathered
Polyurethane Foam Roofing’, U.S. Navy Civil Engineering Laboratory TN NO
N-1643, September 1982.

9. L.R. Glicksman et al., “Effective Conductivity of Aging Polyurethane Foam’,
Oak Ridge National Laboratory ORNL/SUB/84-9009/1, March 1986.

10. ASTM Designation: C591-85 “Standard Specification for Unfaced Preformed
Rigid Cellular Polyurethane Thermal Insulation’, 1985.

11. J.R. Herge, “Aging of Foamed Polyurethane’, Norwegian Building Research
Institute, 1985.

12. K.C. Frisch, “Relation of Chemical Structure and Properties of Rigid
Urethane Foam’, J. Cell. Plastics, 1965.




