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The landscape of modern water and wastewater infrastructure has undergone a paradigm shift with the evolution of
High-Density Polyethylene (HDPE) piping systems. Central to this transformation is the AWWA C906 standard, a
rigorous framework established by the American Water Works Association to govern the manufacture, testing, and
implementation of polyethylene (PE) pressure pipes and fittings. Specifically, the transitions from C906-99 to
C906-15, and the recent ANSI/AWWA C906-21revision, represent significant leaps in material science and
engineering reliability. This article provides an in-depth technical exploration of these standards, the mechanics of
PE 4710 materials, and the critical role of McElroy fusion technology in ensuring the structural integrity of potable
water and force main systems.

The Evolution of AWWA C906 Standards

For decades, the AWWA C906 standard has served as the definitive benchmark for PE pipes ranging from 4 inches
to 65 inches (100 mm to 1,650 mm). The standard was fundamentally overhauled in 2015 to incorporate PE 4710
high-performance materials. This update was not merely administrative; it redefined the hydraulic design capacity
and durability expectations of HDPE systems. Prior to C906-15, design factors were more conservative, often
limiting the operational pressure of HDPE in municipal applications. The adoption of PE 4710 allowed for a higher
design factor (DF), enabling engineers to specify pipes with thinner walls (higher Dimension Ratios) while
maintaining or even increasing pressure ratings.

Transitioning from C906-15 to C906-21

The AWWA C906-21revision, approved by the American National Standards Institute (ANSI) in June 2021, further
refined the requirements for polyethylene pressure pipes. This revision addressed several key areas, including
updated material designation codes, enhanced testing protocols for fittings, and clearer guidelines for the use of
recycled materials during the manufacturing process. For technical writers and project engineers, understanding
the delta between these versions is crucial for compliance in modern municipal bidding processes. While C906-15
set the stage for large-diameter HDPE dominance, C906-21 ensures that the long-term hydrostatic strength (LTHS)
of these systems is verified against the most recent stress-regression data.

Core Concepts: Material Science of PE 4710

At the heart of the AWWA C906 standard is the PE 4710material designation. To understand why this material is
preferred for critical waterworks, one must analyze the nomenclature defined by ASTM D3350. The "4710" code
provides a snapshot of the resin's physical and mechanical properties:

¢ Density (4): Indicates a high-density resin, typically in the range of 0.947 to 0.955 g/cm3, providing the
necessary stiffness and tensile strength.

¢ Slow Crack Growth (7): Represents a value of 7 on the PENT (Pennsylvania Notch Test) scale, signifying
extreme resistance to crack propagation over time—a critical factor for pipes buried in rocky or unstable soils.

« Hydrostatic Design Basis (10): The "10" signifies a 1,600 psi Hydrostatic Design Basis (HDB) at 73°F (23°C),



which is the calculated maximum stress the material can withstand for 100,000 hours (and extrapolated to 50+
years).

The synergy of these properties allows PE 4710 pipes to operate with a Design Factor (DF) of 0.63for water,
compared to the 0.50 DF used for older PE 3408 materials. This 26% increase in design efficiency translates
directly to cost savings in material weight and improved flow coefficients due to larger internal diameters.

Technical Analysis: Pressure Class and Dimension Ratio (DR)

In the engineering of HDPE systems, the relationship between internal pressure, pipe diameter, and wall thickness
is governed by the ISO Equation. The Standard Dimension Ratio (SDR or DR) is the primary metric used to
categorize pipe strength. The formula is expressed as:

DR=D o/t

Where D_o is the outside diameter and tis the minimum wall thickness. Under AWWA C906, the Pressure Class
(PC) is calculated using the following mathematical model:

PC=(2*S*DF)/ (DR -1)

Where S is the Hydrostatic Design Basis (HDB) and DFis the design factor. For a PE 4710 material with an HDB of
1,600 psi and a DF of 0.63, the working pressure is significantly higher than historical standards. The table below
illustrates the typical Pressure Classes for PE 4710 under AWWA C906-15/21.

Table 1: PE 4710 Pressure Ratings (Standard Conditions)



Dimension Ratio (DR) Pressure Class (psi) - PE Static Pressure Rating Occasional Surge

4710 (DF=0.63) (psi) Pressure (psi)
7 335 335 670
9 250 250 500
11 200 200 400
135 160 160 320
17 125 125 250
21 100 100 200

Unlike rigid pipe materials such as Ductile Iron, HDPE is visco-elastic. This means its response to stress is time-
dependent. While the Pressure Class represents the long-term continuous operating pressure, HDPE can handle
significant recurrent and occasional surges(water hammer) far exceeding its nominal rating without the fatigue
failure common in metallic or PVC piping.

McElroy Fusion Technology: The Gold Standard for Integration

A piping system is only as strong as its joints. AWWA C906 emphasizes heat fusion as the primary method for
joining PE pipe. This process creates a leak-free, monolithic structure where the joint is technically stronger than

the pipe itself. McElroy Manufacturing Inc.has been the industry leader in developing the machinery necessary
to execute these fusions at the scale required by AWWA C906 standards.

The TracStar Series: Pushing the Boundaries of Large Diameter Fusion

The McElroy TracStar® series, particularly the newer, larger models like the TracStar 1200 and the upcoming high-
capacity releases mentioned in recent technical bulletins, are designed specifically for the 4" to 65" range covered
by C906. These machines provide the precise control of hydraulic pressure and heater plate temperature required
to meet ASTM F2620 fusion standards. Key features include:

¢ Self-Propelled All-Terrain Mobility: Dual-track systems allow the machine to traverse rugged pipeline right-of-
ways without the need for additional heavy lifting equipment.

e Datalogging Integration: The McElroy DatalLogger® records every aspect of the fusion cycle, including heat
soak time, interface pressure, and cooling rates. This creates a digital "birth certificate” for every joint, ensuring
compliance with AWWA C906 quality assurance mandates.

¢ Automated Fusion Cycles: Advanced models automate the shift from the heating phase to the joining phase,
minimizing human error and ensuring that the "open time" is kept within strict tolerances to prevent cold-joint
formation.

Field Guide: Step-by-Step Butt Fusion Procedure

To achieve a joint that complies with AWWA C906, technicians must follow a rigorous procedural workflow. Failure
to adhere to these steps can lead to brittle failures or compromised flow characteristics.

1. Preparation and Cleaning

The pipe ends must be cleaned thoroughly using clean, lint-free cloths and a high-percentage isopropyl alcohol



solution. Any dirt, grease, or moisture on the pipe ends can introduce inclusions into the fusion zone, creating
stress concentrators.

2. Facing the Pipe Ends

The McElroy facer is used to plane the pipe ends until they are perfectly parallel and smooth. This step removes
oxidized material and ensures full surface contact. A continuous "ribbon" of shavings from both sides indicates a
successful face.

3. Alignment and Checking for High-Low

The pipe ends are brought together to check for alignment. The maximum allowable "high-low" (mismatch in the
outer diameter) is 10% of the wall thickness. Excessive misalignment results in an uneven distribution of fusion
pressure.

4. Heating the Interface

The heater plate, maintained at 400°F to 450°F (204°C to 232°C), is inserted. The pipe ends are held against the
heater at a specific "bead-up" pressure until a melt bead of a predefined size forms. This bead size varies by pipe
diameter (e.g., for a 12" pipe, the bead width should be approximately 3/16").

5. Joining and Cooling

The heater is removed, and the molten ends are brought together at the Interface Pressure(typically 60-90 psi).
The joint must be held under this pressure until it is cool to the touch. It is a critical violation of AWWA standards to
use water or forced air to accelerate cooling, as this disrupts the molecular recrystallization process.

Comparison: HDPE (C906) vs. Ductile Iron (AWWA C151)

Choosing the correct pipe material requires a comparative analysis of lifecycle costs, installation efficiency, and
environmental resilience. The following table highlights the technical differences between HDPE compliant with
C906 and traditional Ductile Iron (DI).

Table 2: HDPE vs. Ductile Iron Technical Comparison



Feature HDPE (AWWA C906 / PE 4710) Ductile Iron (AWWA C151)

Joint Type Fused (Monolithic/Leak-free) Gasketed (Mechanical/Bell & Spigot)
Corrosion Resistance Inherent (Immune to oxidation) Requires coatings/polywrap
Flexibility High (Bending radius ~20-25x Dia) Rigid (Limited deflection at joints)
Water Hammer Excellent (Absorbs energy) Poor (Reflects energy/potential burst)
Installation Horizontal Directional Drilling (HDD) Mostly Open-cut Trenching

Expected Life 100+ years 50-75 years (variable by soil)

Troubleshooting and Quality Control Challenges

Even with advanced equipment like McElroy TracStars, field conditions can present challenges. Technical writers
and inspectors must be aware of the following failure modes:

Inadequate Bead Size (Under-Heating)

If the heater plate is removed too early, the melt zone is insufficient for molecular entanglement. This results in a
"cold joint,"” which may pass a visual inspection but will fail under pressure testing or soil shifting. This is often
caused by incorrect heater temperature settings or failing to account for wind-chill in cold environments.

Contamination (The Silent Killer)

Introduction of oil from hydraulic leaks or dust from the job site onto the heater plate can prevent the polymer
chains from bonding. Regular inspection of the heater plate's non-stick coating (PTFE) is mandatory. Any scratches
or bare metal on the heater plate require immediate refurbishment.

The Role of ISCO and Specialized Distribution

Strategic partners like ISCO or Fortiline play a vital role in the ecosystem by providing not just the pipe, but the
technical expertise. As McElroy distributors, they offer authorized service and repair centers. In large-diameter
projects, having at least one McElroy-certified technician on-site is often a contractual requirement to ensure that
AWWA C906 standards are translated from paper to the trench.

The Mathematical Model of Hydraulic Efficiency

One common misconception is that HDPE’s smaller inside diameter (due to thicker walls) reduces flow. However,
the Hazen-Williams C-factorfor HDPE is 150-155, which remains constant over the life of the pipe. In contrast,
Ductile Iron starts with a C-factor of 140, but this can drop to below 100 over time due to tuberculation and internal
scaling.

Hazen-Williams Equation: h_f=0.002083 * L * (100/C)"1.85 * (gpm~1.85 / d"4.8655)

By maintaining a high C-factor, HDPE systems often require less pumping energy over their lifecycle, leading to
significant operational savings for municipalities and water districts. This hydraulic stability is a key reason why
C906-21 has become the preferred standard for long-range transmission mains.

Future Implications for Water Infrastructure



As we look toward the next decade of infrastructure development, the integration of AWWA C906 standards and
advanced fusion technology will be pivotal in addressing global water scarcity and aging utility networks. The move
toward larger diameter pipes (up to 65") allows for massive regional water transfers, while the seismic resistance of
fused HDPE provides a safeguard against natural disasters that would shatter rigid pipe networks. The technical
maturity of the C906-21 standard, combined with the precision of McElroy’'s TracStar series, offers a robust,
scientifically-backed solution for the 21st-century water engineer. By adhering to the rigorous testing, material
selection, and fusion protocols outlined in this guide, stakeholders can ensure that their infrastructure is not only
compliant but also optimized for longevity and performance.
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