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Foreword

This report was developed and published with the technical help and financial
support of the members of the PPI (Plastics Pipe Institute). The members have
shown their interest in quality products by assisting independent standards-
making and user organizations in the development of standards, and also by
developing reports on an industry-wide basis to help engineers, code officials,
specifying groups, and users.

The purpose of this technical report is to provide important information available
to PPI on the design life of corrugated HDPE pipe.

This report has been prepared by PPl as a service of the industry. The
information in this report is offered in good faith and believed to be accurate at
the time of its preparation, but is offered without any warranty, expressed or
implied, including WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE. Any reference to or testing of a particular
proprietary product should not be construed as an endorsement by PPI, which
does not endorse the proprietary products or processes of any manufacturer.
The information in this report is offered for consideration by industry members in
fulfilling their own compliance responsibilities. PPl assumes no responsibility for
compliance with applicable laws and regulations.

PPI intends to revise this report from time to time, in response to comments and
suggestions from users of the report. Please send suggestions of improvements
to the address below. Information on other publications can be obtained by
contacting PPI directly or visiting the web site.

The Plastics Pipe Institute
Toll Free: (888) 314-6774
hitn:/Aweew plasticpipe .o
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Design Service Life Of Corrugated HDPE Pipe

Introduction:

Thermoplastic pipes began to be used over 50 years ago in Europe and North
America for water and sewer applications. Polyethylene pipe has been used for
drainage applications in the United States for over 35 years and for highway
pavement underdrain applications for 30 years. These pipe were generally
150mm (6 inch) in diameter and smaller. As use and applications for these
materials expanded and as diameters increased questions concerning design
service life and materials properties became significant issues. Designing with
thermoplastic materials requires an understanding of viscoelastic or viscoplastic
materials. The mechanical strength of these materials has to be put in relation to
the forces acting on it, the stress, the loading time, and the temperature. The
properties of primary concern are tensile yield strength and flexural modulus
(because those are used in the design code); which are directly related to and
proportional to density and, to a lesser extent, molecular weight. The values that
truly govern how well, and for how long, the pipe performs are compression
strength and flexural modulus; because the compression strength determines the
pipe hoop compression stiffness and the flexural modulus determines the pipe or
ring stiffness.

Any discussion of buried pipe service life can not ignore installation quality and
practice. All buried structures, regardless of material, are structures of the soil
and the pipe or structure, interacting with each other to carry the required loads.
Poor installation practice will lead to poor performance of the soil-structure
interaction system. AASHTO provides conservative installation guidance in
Section 30 of the “AASHTO Standard Specifications for Highway Bridges.”
Similar installation requirements are provided in ASTM D 2321, “Standard
Practice for Underground Installation of Thermoplastic Pipe for Sewers and Other
Gravity-Flow Applications.” Proper installation practice can contribute greatly to
long-term system performance.

Current Specifications:

The current AASHTO (American Association of State Highway and
Transportation Officials) specifications covering corrugated polyethylene pipe
include Standard Specification for Corrugated Polyethylene Pipe, 300- to 1200-
mm Diameter, AASHTO Designation: M 294-02 and AASHTO LRFD Bridge
Design Specifications, Section 12 — Buried Structures and Tunnel Liners.
AASHTO M 294 requires that the pipe be manufactured from materials (resins)
as defined in paragraph 6.1.1:
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“‘Extruded Pipe and Blow Molded Fittings — Pipe and fittings shall be made of
virgin PE that conform with the requirements of cell class 335400C as defined
and described in ASTM D 3350, except that the carbon black content shall not
exceed five percent, and the density shall be not less than 0.945 gm/cc nor
greater than 0.955 gm/cc. Resins that have higher cell classifications in one or
more properties, with the exception of density, are acceptable provided product
requirements are met. For slow crack growth resistance, acceptance of resins
shall be determined by using the single point notched constant tensile load (SP-
NCTL) test according to the procedure described in Section 9.5. The average
failure time of the five specimens must exceed 24 hours with no single test
specimen’s failure time less than 17 hours.” From this resin description, Section
12 of the AASHTO LRFD Bridge Design Specifications sets material properties
for design in Table 12.12.3.3-1 as follows:

Type of Pipe Minimum | Allowable | Initial | Initial | 50-Year | 50-
Cell Long-Term Fu E min | Fymin Year
Class Strain % min | (MPa) | (MPa) | E min
ASTM D (MPa) (MPa)

3350
Corrugated PE
Pipe — AASHTO M | 335400C 5 20.7 758 6.21 152
294

These values represent the minimums for the cell classification from ASTM D
3350 and do not represent what the industry is actually using. They also
represent initial material properties values based on a specific loading regime
that may or may not be representative of actual loading conditions. The initial
flexural modulus value is based on tests conducted in accordance with ASTM D
790, Method 1, Procedure B, loading a 50mm specimen, 3.2mm thick and
12.7mm wide at a crosshead speed of 12.7mm/minute with the average value of
the secant modulus calculated at 2% strain in the outer fibers. The initial tensile
strength at yield is determined in accordance with ASTM D 638 using a
“dogbone” specimen 1.9mm thick loaded at a rate of 50 mm/minute. The 50-year
values for tensile strength and flexural modulus were selected based on resins
used in the 1980s with some additional safety factors, and do not apply to resins
currently required and used by the industry. The use of a “60-year” value is an
arbitrary carry-over from the gas pressure pipe industry, where results from HDB
testing, conducted for 10,000 hours (1.14 years), are projected forward to 50
years, with a safety factor. If 10,000 hours is projected forward two orders of
magnitude, to 1,000,000 hours, that would equate to 114 years.
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