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INTRODUCTION TO THE ASME BOILER AND PRESSURE
VESSEL CODE SECTION Vil

The design, fabrication, and inspection of pressure vessels
require rigorous standards to ensure safety, reliability, and
performance across industries such as oil and gas, chemical
processing, power generation, and pharmaceuticals. The ASME
Boiler and Pressure Vessel Code Section VIII stands as the
most widely recognized and adopted standard for pressure vessel
construction worldwide. Developed by the American Society of
Mechanical Engineers (ASME), Section VIII provides
comprehensive rules for the design, materials, manufacturing,
testing, and certification of pressure vessels. This article explores
the structure, divisions, key requirements, and practical
applications of the ASME Boiler and Pressure Vessel Code Section
VIIl, offering a detailed resource for engineers, fabricators, and
quality assurance professionals.

UNDERSTANDING THE STRUCTURE OF SECTION VIil

The ASME Boiler and Pressure Vessel Code Section VIII is divided
into three main divisions, each tailored to different pressure
ranges, design philosophies, and operational conditions. In
addition, several mandatory and non-mandatory appendices
provide supplementary guidance. The divisions are:

e Division 1 - The traditional, rules-based approach for the
design and construction of pressure vessels.

 Division 2 - An alternative, design-by-analysis
methodology offering greater flexibility and higher
allowable stresses, typically used for larger or more critical
vessels.

 Division 3 - Rules for pressure vessels intended for high-
pressure applications (typically above 10,000 psi / 70 MPa).

Each division includes sections on general requirements,
materials, design, fabrication, inspection, testing, and
overpressure protection. Understanding which division applies is
crucial for compliance with the ASME Boiler and Pressure Vessel
Code Section VIII.

Division 1: The Workhorse
of Pressure Vessel Design

ASME Section VIII Division 1 is the most commonly used set of
rules for pressure vessels operating at pressures up to 3,000 psi
(20.7 MPa) and temperatures within the creep range of materials.
It employs a “design-by-rule” philosophy, providing explicit
formulas and tables for determining minimum wall thickness,
reinforcement requirements for openings, and allowable stress
values for a wide range of materials. Key features include:

» Allowable stress basis: one-quarter of the ultimate tensile
strength or two-thirds of the yield strength at temperature
(whichever is lower).

e Stamped vessels receive the “U” symbol.

e Hydrostatic and pneumatic testing requirements.

» Rules for welded joints, including radiography and other

non-destructive examination (NDE) methods.

Division 1 is ideal for standard off-the-shelf vessels, storage
tanks, heat exchangers, and reactors where a straightforward,
proven design approach suffices. Compliance with the ASME
Boiler and Pressure Vessel Code Section VIII Division 1 is
mandatory in most U.S. states and many countries as part of
local legal requirements.

Division 2: Design-by-
Analysis for Elevated
Performance

ASME Section VIII Division 2 offers an alternative route that allows
higher allowable stresses and thinner walls but requires more
rigorous analysis, often involving finite element analysis (FEA).
This division follows a “design-by-analysis” philosophy and is
suitable for vessels subjected to cyclic loading, severe service
conditions, or where weight and cost savings are critical. Key
aspects:

 Allowable stress basis: two-thirds of the yield strength at
temperature, leading to thinner wall designs compared to
Division 1.

e Mandatory fatigue analysis for cyclic operation.

e Stamped vessels receive the “U2” symbol.

e Greater emphasis on documentation, inspection, and
quality assurance.

Division 2 is typically used for large pressure vessels in the oil
and gas, chemical, and power industries. It also includes more
detailed rules for materials, fabrication tolerances, and testing.
The ASME Boiler and Pressure Vessel Code Section VIII Division 2
is increasingly adopted for custom-designed vessels where
optimized performance is essential.

Division 3: High-Pressure
Vessel Construction

ASME Section VIII Division 3 addresses pressure vessels designed
for internal or external pressures exceeding 10,000 psi (70 MPa).
These vessels are found in industries such as hydrogen storage,
high-pressure chemical reactors, and autoclaves. Division 3
adopts a fracture mechanics-based approach and requires
extensive testing and analysis. Vessels meeting these rules are
stamped with the “U3” symbol. Key differences from Divisions 1
and 2 include:

e Use of higher-strength materials with special heat
treatment.

e Mandatory cyclic and fatigue analysis.

e Unique design rules for threaded connections and closures.

e Strict qualification of welders and procedures.

Compliance with the ASME Boiler and Pressure Vessel Code
Section VIII Division 3 is specialized and requires expert
knowledge of high-pressure mechanics and material science.
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KEY REQUIREMENTS COMMON ACROSS SECTION Vil
DIVISIONS

Despite the differences among the three divisions, the ASME
Boiler and Pressure Vessel Code Section VIl establishes a set of
fundamental requirements that apply to all pressure vessel
construction. These include:

1. Materials - Only materials listed in ASME Section Il, Part D
are permitted. These include carbon steels, low-alloy steels,
stainless steels, nonferrous alloys, and others. Material
certification and traceability are mandatory.

2. Design - The design must account for maximum allowable
working pressure (MAWP), minimum design metal
temperature (MDMT), static and dynamic loads, and
corrosion allowances. All divisions require calculations for
thickness, reinforcement, and support.

3. Fabrication - Welding procedures must be qualified per
ASME Section IX. Welders and welding operators require
certification. Post-weld heat treatment (PWHT) is specified
for certain materials and thicknesses.

4. Non-Destructive Examination (NDE) - Methods such as
radiographic testing (RT), ultrasonic testing (UT), magnetic
particle testing (MT), and liquid penetrant testing (PT) are
required at various levels depending on the division and
service conditions.

5. Testing - Hydrostatic testing at 1.3 or 1.5 times the MAWP
(depending on division) is mandatory. Pneumatic testing is
permitted under strict conditions.

6. Overpressure Protection - Every vessel must be
equipped with a pressure relief device (e.g., safety valve,
rupture disc) to prevent overpressure beyond the MAWP.

Adherence to these requirements ensures that vessels
constructed to the ASME Boiler and Pressure Vessel Code Section
VIl are safe and reliable throughout their intended service life.

DESIGN RULES: WALL THICKNESS, OPENINGS, AND
SUPPORTS

Minimum Required
Thickness

The core of pressure vessel design under Section VIII is
calculating the minimum required thickness of the shell, heads,
and other pressure-containing parts. For cylindrical shells, the
formula in Division 1 is t = PR/(SE - 0.6P) (for circumferential
stress). Division 2 uses a more refined formula derived from
stress analysis. The design includes corrosion allowance, often
1/16 inch (1.6 mm) or more depending on service.

Reinforcement of Openings

Openings in pressure vessel walls—for nozzles, manways, or
instrument connections—weaken the structure. Section VI
requires reinforcement calculations to ensure the area removed
is compensated by added material around the opening. The rules
differ slightly between Divisions 1 and 2, but the principle
remains: the vessel must retain its MAWP capability.

Supports and Loads

Vessels must be designed to withstand dead load (vessel and
content weight), external loads (wind, earthquake), and thermal

expansion. Supports such as saddles, skirts, or lugs are covered
in appendices of the ASME Boiler and Pressure Vessel Code
Section VIII.

MATERIALS AND THEIR SELECTION

The ASME Boiler and Pressure Vessel Code Section VIII mandates
that all materials used in pressure vessel construction must meet
the specifications in ASME Section Il. Materials are grouped into
P-numbers for welding procedure qualification. Important
considerations include:

* Notch toughness: Required for low-temperature service to
prevent brittle fracture.

¢ Corrosion resistance: Selection based on fluid compatibility
(e.g., stainless steel for corrosive chemicals).

e High-temperature strength: Creep and oxidation resistance
for elevated temperature applications.

Material certification forms are required to trace each piece of
material back to the mill test report.

FABRICATION AND WELDING

Fabrication under the ASME Boiler and Pressure Vessel Code
Section VIII follows strict guidelines. Welding is the primary
joining method. Key points:

Welding Procedure Specifications (WPS) must be qualified
per ASME Section IX.

Welders must be performance-qualified within six months.
Preheat, interpass temperature, and post-weld heat
treatment are specified in the code.

Repair welding of defects requires re-evaluation and re-
qualification if necessary.

The quality of fabrication directly impacts the vessel’s integrity,
and rigorous inspection at every stage is required.

INSPECTION, TESTING, AND CERTIFICATION

The ASME Boiler and Pressure Vessel Code Section VIII relies
heavily on authorized inspection agencies (e.g., insurance
companies or jurisdictional authorities). The process includes:

1. Inspection during fabrication: Visual, dimensional, and
NDE checks at hold points.

2. Final hydrostatic test: Conducted under the supervision
of an authorized inspector.

3. Data report: The vessel manufacturer certifies compliance
by completing a Manufacturer’s Data Report (Form U-1 for
Div 1, U-2 for Div 2, U-3 for Div 3).

4. Stamping: Upon successful inspection, the vessel receives
the ASME Code Symbol Stamp (U, U2, or U3) and is
registered with the National Board of Boiler and Pressure
Vessel Inspectors.

Without the stamp, a vessel cannot be legally operated in many
jurisdictions.

RECENT UPDATES AND TRENDS IN SECTION VIil

The ASME Boiler and Pressure Vessel Code Section VIl is updated
every two years (with addenda issued more frequently). Recent
changes include:

e Expansion of materials for high-pressure hydrogen service.

¢ Improved rules for additive manufacturing (3D-printed
components).

« Clarifications on leak testing and the use of alternative test
fluids.
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e Integration of risk-based inspection techniques for in-
service vessels (referenced in conjunction with API 579).

These updates ensure the code remains current with
technological advances and emerging industry needs.

WHY THE ASME BOILER AND PRESSURE VESSEL CODE
SECTION VIII MATTERS

Safety is the paramount reason for the existence of Section VIII.
Pressure vessel failures can lead to catastrophic
events—explosions, toxic releases, or fires. By providing a
consistent, well-researched framework for design, materials, and
quality control, the code significantly reduces the risk of such
failures. Moreover, the ASME Boiler and Pressure Vessel Code
Section VIII facilitates international trade; vessels built to this
standard are accepted in over 100 countries. It also provides a
legal defense for manufacturers in case of disputes, as adherence
to the code demonstrates due diligence.

Engineers and fabricators who master the code gain a
competitive edge, as many clients specifically require Section VI
compliance in their purchase orders. Training, experience, and
access to the latest edition are essential for anyone involved in
pressure vessel work.

CONCLUSION

The ASME Boiler and Pressure Vessel Code Section VIII is much
more than a technical reference—it is a cornerstone of industrial
safety and quality assurance. By dividing its requirements into
three tailored divisions, the code accommodates a wide spectrum
of pressure vessel applications, from low-pressure storage tanks
to ultra-high-pressure reactors. Understanding the differences
between Division 1, Division 2, and Division 3, along with the
overarching rules for materials, design, fabrication, and testing, is
essential for compliance and safe operation. As technology
evolves, the code continues to adapt, ensuring that pressure
vessels remain reliable in the most demanding environments.



