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In the complex ecosystem of industrial piping, the integrity of a flanged joint is paramount. While the flange itself
often receives the bulk of engineering scrutiny, the bolting components—specifically stud bolts—are the critical
tension members that maintain the seal against internal pressure. For engineers, procurement specialists, and
maintenance technicians, understanding the precise dimensions, material standards, and thread configurations for
ANSI/ASME B16.5 flangesis not merely a matter of compliance, but a fundamental requirement for operational
safety.

The selection of the correct stud bolt involves navigating a web of standards including ASME B16.5 (covering pipe
flanges and flanged fittings), ASME B18.2.1 (covering square, hex, and heavy hex bolts), and ASME B1.1(defining
unified inch screw threads). This guide provides an exhaustive technical analysis of stud bolt sizing, ranging from
Class 150 to Class 2500, encompassing thread pitches, length calculations, and metallurgical considerations.

The Theoretical Framework of Flange Bolting

Before diving into dimensional charts, it is essential to define why stud bolts are the industry standard for high-
pressure piping systems. Unlike standard machine bolts with a fixed head, a stud bolt consists of a threaded rod
used with two heavy hex nuts. This design offers several mechanical advantages:

¢ Uniform Tensioning: Because nuts can be tightened from both ends, torque can be applied more evenly,
leading to a more consistent gasket compression.

* Ease of Maintenance: In the event of thread seizure or corrosion, a stud bolt can be cut or extracted more
easily than a headed bolt that may be fused within a flange hole.

« Material Efficiency: Stud bolts are often manufactured from high-strength alloy steels (such as ASTM A193
Grade B7), which provide the necessary tensile strength to counteract internal fluid forces.

Defining the Effective Length

The length of a stud bolt is not measured end-to-end in the same way a standard bolt is. According to ASME
standards, the length of a stud bolt is measured from the first thread to the first thread(point to point), excluding
the chamfered ends. This is often referred to as the effective length. When calculating the required length for a
specific flange assembly, engineers must account for:

The thickness of both flanges.

The thickness of the gasket (typically 1/8 inch or 3.2mm for spiral wound gaskets).

The height of two heavy hex nuts (ASME B18.2.2).

The required protrusion (usually 2 to 3 threads beyond the nut) to ensure full thread engagement.

Thread Standards: UNC vs. S8UN

One of the most critical technical nuances in ANSI flanging is the transition of thread pitches based on the nominal



diameter of the bolt. As referenced in the ASME B1.1 standard, the industry adheres to two primary thread series:

Unified National Coarse (UNC)

For stud bolts with a nominal diameter of 1 inch and smaller, the UNC (Unified National Coarse)thread series is
the standard. UNC threads are designed for general engineering use where high-speed assembly is required and
where the materials are not prone to stripping. Common examples include 1/2"-13 UNC, 5/8"-11 UNC, and 3/4"-10
UNC.

8-Thread Series (8UN)

For stud bolts with a nominal diameter of 1-1/8 inches and larger, the 8UN (8-Thread Series) is mandated. The
8UN series specifies exactly 8 threads per inch regardless of the diameter. This is a critical safety feature in high-
pressure piping for two reasons:

Resistance to Stripping: A finer thread pitch on larger diameters provides a higher resistance to stripping under
the immense loads found in Class 900, 1500, and 2500 systems.

Ease of Torquing: Finer threads allow for more precise control over the tension (preload) applied during the
tightening process, as each rotation of the nut results in a smaller axial advancement.

Comprehensive Technical Data: Class 150 to Class 600

The following tables provide the standardized dimensions for stud bolts used with Raised Face (RF) flanges. Note
that lengths for Ring Type Joint (RTJ)flanges will be longer due to the additional thickness of the ring groove and
the stand-off between flange faces.

Table 1: Class 150 Flange Bolting Dimensions



Nominal Pipe Size Number of Bolts Diameter of Bolts Length of Stud (in) Thread Series

(NPS) @in) -RF
1/2" 4 1/2" 2-1/4" UNC
3/4" 4 1/2" 2-1/2" UNC
1" 4 1/2 2-1/2" UNC
2" 4 5/8" 3-1/4" UNC
4 8 5/8" 3-1/2" UNC
8" 8 3/4" 4-1/4" UNC
12" 12 7/8" 4-3/4" UNC

Table 2: Class 300 Flange Bolting Dimensions



Nominal Pipe Size
(NPS)

1/2"

10"

12"

Number of Bolts

12

16

16

Diameter of Bolts

(in)
172"
5/8"
5/8"

3/4"

1-1/8"

Table 3: Class 600 Flange Bolting Dimensions

Length of Stud (in)
-RF

2-1/2"

3-1/2"

4-1/2"

6-1/4"

6-3/4"

Thread Series

UNC

UNC

UNC

UNC

UNC

8UN



Nominal Pipe Size
(NPS)

Number of Bolts

Diameter of Bolts

(in)

Length of Stud (in)
-RF

Thread Series

2" 8 5/8" 4-1/4" UNC
4" 8 7/8" 5-3/4" UNC
8" 12 1-1/8" 7-1/2" 8UN
12" 20 1-1/4" 8-3/4" 8UN

The Mathematics of Bolting: Calculating Torque and Load

Identifying the correct size is only the first step. To ensure a leak-free joint, the stud must be stretched like a spring.
This tension creates a compressive force on the gasket. The relationship between applied torque and the resulting
bolt tension is described by the formula:

T = (K &times; D &times; P) /12

Where:

T: Torque (ft-Ibs)

K: Nut factor (dimensionless friction coefficient, usually 0.15 for lubricated bolts, 0.20 for dry)
D: Nominal bolt diameter (inches)

P: Target bolt load or tension (pounds)

In high-pressure applications (Class 1500/2500), simply applying torque may be insufficient due to frictional
variations. In these cases, hydraulic bolt tensioningis used. This method applies a direct axial load to the stud,
stretching it to a specific value before the nut is run down. This eliminates the "K-factor" uncertainty and provides
the most accurate preload.

Material Specifications: ASTM A193 and A194

Dimensions are meaningless without the proper material properties. The most common metallurgical combination
in the industry is ASTM A193 Grade B7 studs paired with ASTM A194 Grade 2H heavy hex nuts.

ASTM A193 B7

This is a chromium-molybdenum alloy steel, heat-treated to achieve high tensile strength (typically 125,000 psi for
diameters up to 2-1/2"). It is the workhorse of the oil and gas industry, capable of operating in temperatures from
-20&deg;F to 800&deg;F.

ASTM A193 B16

For temperatures exceeding 800&deg;F, engineers often specify Grade B16. This material contains vanadium,
which increases its creep-rupture strength at elevated temperatures, preventing the bolts from relaxing and causing
leaks in steam or furnace applications.

Stainless Steel (B8/B8M)

In corrosive environments or cryogenic services, ASTM A193 Grade B8 (Class 2) or B8M(316 stainless steel) is
used. However, these materials have a lower yield strength than B7, requiring engineers to re-evaluate the



maximum allowable pressure for the flange assembly.

Field Guide: Installation and Troubleshooting

Operational failures in flanged joints are rarely caused by the flange itself; they are typically the result of improper
bolting procedures. Common field issues include:

1.The "Short Bolt" Problem

A common error is using a stud that is too short, where the threads do not fully pass through the nut. ASME B31.3
requires that the bolt extends through the nut by at least one full thread. Failure to achieve full engagement means
the nut is only utilizing a portion of its load-bearing capacity, leading to potential thread stripping under pressure
surges.

2. Improper Tightening Sequence

Flanges must be tightened in a star or cross-pattern. Tightening bolts in a circular sequence causes the gasket to
be compressed unevenly, resulting in a "cocked" flange. This creates a leak path that no amount of additional
torque can fix.

3. Reusing Studs

While often done in non-critical service, the reuse of B7 stud bolts is generally discouraged in high-pressure
systems. Over time, studs undergo cyclic loading and potential hydrogen embrittlement. Furthermore, previous over-
torquing can lead to permanent deformation (yielding) of the threads.

4. Lubrication Importance

The torque formula mentioned earlier is highly sensitive to the K-factor. Using an anti-seize lubricant (like nickel or
copper-based compounds) reduces friction, ensuring that more of the applied torque is converted into bolt tension
rather than being lost to heat. Failure to lubricate can lead to "galling," where the threads of the nut and stud fuse
together during assembly.

Step-by-Step Procedure for Bolting Selection

1. Identify Flange Specification: Confirm if the flange is ASME B16.5 (up to 24"), B16.47 Series A or B (over
26"), or BS 3293.

2. Determine Pressure Class: Locate the class rating (150-2500) stamped on the flange rim.

3. Measure Nominal Pipe Size (NPS): Determine the pipe diameter.

4. Consult the Bolting Chart: Use the corresponding NPS and Class to find the bolt diameter and quantity.

5. Calculate Stud Length: Account for the face type (RF vs. RTJ). If using spacers, bleed rings, or wafer valves,
add their thickness to the standard stud length.

6. Select Material Grade: Match the material to the operating temperature and fluid chemistry (e.g., B7 for
general service, B8M for corrosion, B16 for high heat).

Future Trends in Flange Bolting

As industrial facilities push toward higher efficiency and lower emissions (LDAR - Leak Detection and Repair), the
precision of stud bolt sizing and installation is becoming more digital. Smart Boltswith integrated visual tension
indicators or ultrasonic measurement tools are becoming more common in critical subsea or high-hazard
environments. These technologies allow for real-time monitoring of bolt preload, ensuring that the dimensions and
tensions calculated in the design phase are maintained throughout the asset's lifecycle.



Furthermore, the industry is seeing a shift toward standardized bolting software. These tools integrate the
dimensions found in ASME B16.5 directly with torque calculations, providing technicians with a precise "bolt-up"
sheet that includes the required stud length, the specific lubricant to be used, and the incremental torque steps

required for a perfect seal.

In summary, the stud bolt is the unsung hero of industrial safety. By strictly adhering to the dimensional standards
set forth by ASME and understanding the mechanical principles of thread series and material grades, engineering
professionals can design and maintain systems that are robust, reliable, and resistant to the catastrophic failures
associated with pressurized joint leaks. Whether dealing with a simple Class 150 water line or a high-temperature
Class 2500 hydrocarbon process, the fundamentals of stud bolt sizing remain the cornerstone of piping integrity.
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