
POLYETHYLENE PIPE STANDARDS AND 
UPDATES 
 
HEATH CASTEEL 
SENIOR TECHNICAL SERVICES ENGINEER 
PERFORMANCE PIPE 
 
 
 
Introduction 
 
Polyethylene (PE) was invented in 1933 by the 
Imperial Chemical Company in England.  The 
first gas distribution system utilizing PE pipe was 
installed in Caney, KS in 1959.  Since its 
introduction, research has better defined how PE 
pipe materials function as pipes.  In the past15 
years, there have been substantial breakthroughs 
in resin technology leading to higher performing 
PE resins.  However, industry standards and 
regulations did not recognize or allow end users to 
benefit from these higher performing products.  
This led to industry initiated changes in 
nomenclature, in standards, and potential changes 
in Federal gas piping regulations to allow end 
users take full advantage of PE pipe’s capabilities. 

This paper discusses improvements in material 
properties of PE for piping applications, their 
importance in design and the resulting changes in 
industry standards as well as proposed changes to 
Part 192 of the Title 49 of the Federal Code which 
governs gas pipelines in the US.   
 
ASTM D2513 
ASTM D2513 “Polyethylene (PE) Gas Pressure 
Pipe, Tubing and Fittings” is the manufacturing 
and performance standard for PE pipe and fittings 

used for natural gas distribution.  Part 192 of the 
Title 49, Code of Federal Regulations (49 CFR 
192) currently references the 1999 version of 
D2513 (D2513-99).  In 2009, AGA filed a 
petition to update 49 CFR 192 to reference the 
then current version, D2513-09a.     
 
A notable change between the 1999 and 2009 
versions of D2513 is that the scope of the 
standard changed from thermoplastic pipe to 
polyethylene pipe only.  The older version was 
somewhat cumbersome due to key material 
differences between PVC, polyamide and 
polyethylene.  The current version clearly defines 
the requirements for PE piping intended for gas 
applications. 
 
Other changes include the addition of a rework 
limit to 30%, revision of outdoor storage stability 
requirements and the addition of requirements for 
electrofusion joints and fittings, excess flow 
valves as well as socket and butt fusion fittings.  
Significant changes in the standard are a result of 
material improvements in PE since 1999 that will 
be discussed in some detail. 
 
Slow Crack Growth Resistance 
Localized stresses that exceed material limits can 
result in the initiation and propagation of a very 
slowly growing crack.  The failure mode is 
termed slow crack growth (SCG) and is also 
known as stress cracking.  Possible sources of 
stress that might result in slow crack growth 
include rock impingement, overly tight bends, 
inadequate backfill, etc.   

The first test utilized to measure a PE’s resistance 
to this failure mode was ASTM D1693 published 



in 1959.  However, as the SCG resistance of PE 
improved, the test was no longer able to 
differentiate between resins and thus a more 
stringent SCG resistance test was developed.  A 
test for PE based on fracture mechanics was 
developed known as the Pennsylvania Notched 
Tensile Test (PENT).  The test was published as 
ASTM F1473 in 1997.  The University of 
Pennsylvania researchers have since derived that 
one hour of PENT roughly equates to 13 years of 
pipe life at current gas pressure ratings.1  The 
1999 version of ASTM D2513 required PE to 
have at least a 100 hour PENT value.  ASTM 
D2513-09a recognized that some materials meet 
500 hrs of PENT.  The current version of ASTM 
D2513 requires a 500 hour PENT value 
representing many orders of magnitude in 
improvement over the older PE’s virtually 
eliminating slow crack growth for correctly 
installed and operated PE pipes with a wide 
margin of safety. 
 
Pressure Rating Design 
The pressure capacity of PE pipe is based on long 
term testing at both operating and elevated 
temperatures to establish the Hydrostatic Design 
Basis (HDB) per ASTM D2837 and Plastic Pipe 
Institute (PPI) TR-3.  The pipe’s pressure rating is 
calculated by: 
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The design factor (DF) is applied to the design 
basis and also accounts for uncertainty and risk.  
The HDB times the design factor is termed the 
Hydrostatic Design Stress (HDS).  The long-term 
pressure performance of PE pipe has been shown 

to be related to the material’s resistance to SCG.  
Due to the unique properties and behavior of 
plastics, the source of the HDS and the 
corresponding DF for thermoplastic materials has 
been the PPI Hydrostatic Stress Board since 1958.  
The PPI Hydrostatic Stress Board denotes that a 
PE material that meets the following requirements 
qualifies for a design factor of 0.63 giving the 
maximum* HDS for a given PE material:  

 Substantiation that the regression line used to 
establish the HDB remains linear to at least 50 
years. 

 500 hour minimum PENT value  
 Ratio of the statistical projected lower 

confidence limit from the data and the 
projected long-term hydrostatic strength is at 
least 90% (i.e. low data scatter). 

 
*Currently, 49 CFR 192 mandates a 0.32 design 
factor for polyethylene in gas applications.  
Waivers are pending for regulated (49 CFR 192) 
applications requesting an increase from 0.32 to 
0.40 design factor for the higher performing 
materials.  This change would increase the 
pressure rating for PE pipe in gas applications by 
roughly 25% making it an even more viable 
material over some of the more traditional 
corrosion prone materials. 
 
PE Material Classification 
Polyethylene for pipe and fittings is categorized 
by a cell classification system per ASTM D3350.  
The cell class is made up 6 digits, each 
representing a material property, and a letter 
identifying the color and UV stabilizer.  For 
instance, a common cell class for medium density 
polyethylene (MDPE) is 234373E.  Each cell 
value covers a narrow range for a property 



Cell Class Number Property Test Method Corresponding Value

2 Density (g/cm
3
) ASTM D1505 .926‐.940

3
Melt Index 

(g/10min)
ASTM D1238 <0.4‐0.15

4
Flexural Modulus 

(psi)
ASTM D790 80,000 ‐ <110,000

3
Tensile Strength 

(psi)
ASTM D638 2,600 ‐ < 3,000

ASTM D1693 ‐‐

ASTM F1473  500 hours

ASTM D2837 1250 psi

ISO 12162 ‐‐

Slow Crack Growth 

Resistance

Hydrostatic Strength

7

3

considered important in defining the long-term 
performance of PE used for piping applications.    
Table 1 illustrates the cell class properties and 
corresponding values.   
 
 

 
The “E” conveys the resin is colored (commonly 
yellow for MDPE gas pipe) with UV stabilizer.  
“C” would refer to black pipe UV stabilized with 
2% minimum carbon black common for high 
density polyethylene (HDPE). 
 
A short hand version of the cell class identifying 
the most significant engineering properties for PE 
is the material designation code.   The material 
designation code consists of the density cell, the 
slow crack growth resistance cell and identifies 
the maximum hydrostatic design stress for the 
material.  For example a PE2708 has a density 
cell of 2 (ρ = 0.926-.940 g/cm3), a slow crack 

growth resistance cell of 7 (>500 hr PENT) and a 
hydrostatic design stress of 800 psi at 73°F (1250 
psi HDB *0.63DF).  Many current HDPE’s are 
currently categorized as PE4710.  Prior to 2005, 
common medium density resins were PE2406 and 
common high density resins were PE3408.  It is 
noteworthy that 49 CFR 192 references the 1999 
version of ASTM D2513 which did not include 

grades of PE2708 and PE4710.  Thus, current PE 
gas pipes are frequently marked as PE2406/2708 
and PE3408/4710 to be in accordance with both 
the 1999 and current versions of D2513.   
 
Outdoor Storage 
As mentioned, 49 CFR 192 currently references 
ASTM D2513-99.  The 1999 version stated that 
“PE pipe stored outdoors and unprotected for at 
least two years from date of manufacture shall 
meet all the requirements of this specification”.  
Some have interpreted this as a two year outdoor 
storage limit for PE pipe.  However, D2513-99 
went on to state “PE pipe stored outdoors for over 
two years from date of manufacture is suitable for 
use if it meets the requirements of this 
specification”. Based on testing, Performance 
Pipe provides outdoor storage recommendations 
for their gas distribution products: 

 DriscoPlex® 6500 = 4 years2 
 Driscopipe® 8100 = 4 years2 
 Yellowstripe® 8300 = 10 years2  

 
ASTM D2513-09a states “Code C material shall 
contain 2 to 3 percent well dispersed carbon 
black, and due to the absorptive properties of the 
carbon black, is considered to be stabilized 
against deterioration from unprotected exposure 
to UV for not less than 10 years. Code E material 
shall be stabilized and protected against 
deterioration from unprotected UV exposure for 
not less than 3 years.”  Thus once the Federal 
code adopts the 2009 version of ASTM D2513, 
outdoor storage limits might be increased in 
locations that currently impose a 2 year limit. 
 
Conclusion 
Since its introduction in the 1950’s, polyethylene 
pipe has become a preferred material for gas 
distribution applications in North America.  PE’s 
key benefits including immunity to corrosion, 

Table 1 - Properties per ASTM D3350 for PE234373E   



leak-free fusion joints and high tolerance for 
strain have led a success rate that is unsurpassed 
by other piping materials.  PE has continued to 
evolve and improve from PE1404 and PE3306, to 
PE2406 and PE3408 to the current generation of 
PE2708 and PE4710. 
 
ASTM D2513 originally published in 1966 has 
also evolved and improved reflecting the material 
advancements as well as a strengthening of 
requirements from end users.  It is anticipated that 
the Federal Code on gas pipelines may be updated 
to reflect these improvements and allow end 
user’s to utilize the current generation of PE to 
their full capability thereby improving the safety 
and performance of our gas distribution 
infrastructure by making PE a viable option where 
other materials are currently utilized.   
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