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In the world of industrial fasteners, the integrity of a bolted joint is only as strong as its weakest component. While 

bolts often receive the primary focus in engineering design, the nut—the component responsible for maintaining the 

preload and distributing the clamping force—is equally critical, particularly in environments characterized by 

extreme thermal stress and high-pressure differentials. The ASTM A194/A194M specificationstands as the

definitive global standard for carbon, alloy, and stainless steel nuts intended for high-pressure and high-

temperature service. This specification is ubiquitous in the petrochemical, power generation, and heavy

manufacturing industries, where failure is not an option.

Understanding the Scope of ASTM A194/A194M

The ASTM A194/A194M standard covers a wide variety of nuts, ranging from carbon steel to martensitic and 

austenitic stainless steels. These nuts are designed to complement ASTM A193/A193M bolting materials, though 

they are frequently paired with other high-strength fasteners. The size range defined by the standard is expansive, 

covering nominal diameters from 1/4 inch through 4 inches and metric sizes from M6 through M100.

A critical distinction within the standard is the dual-unit system. ASTM A194 refers to imperial (inch-pound) units, 

while ASTM A194Mrefers to metric SI units. In modern practice, the document is published as a combined

standard, ensuring that engineers can apply the same rigorous quality benchmarks regardless of the measurement

system used in their specific region or application.

Theoretical Framework: Why High-Temperature Service Matters

When materials are subjected to high temperatures (typically defined as above 700&deg;F or 370&deg;C for 

carbon steel), their mechanical properties undergo significant changes. Yield strength decreases, and the 

phenomenon of creep&mdash;the slow, permanent deformation of a material under constant 

stress&mdash;becomes a major design concern. ASTM A194 nuts are engineered with specific chemical 

compositions and heat treatment cycles to resist these effects. Furthermore, in high-pressure systems, such as 

steam lines or chemical reactors, the nuts must maintain a precise internal thread geometry to prevent thread 

stripping or galling under load.

The Role of Heat Treatment

Heat treatment is the cornerstone of the ASTM A194 specification. Most grades undergo a process of Quenching 

and Tempering (Q&amp;T) . This involves heating the steel above its critical transformation temperature, cooling it

rapidly in a liquid medium (oil or water), and then reheating it to a sub-critical temperature. This process refines the

grain structure, balancing hardness with toughness, ensuring the nut can withstand the high torque required for

seating without becoming brittle.

Detailed Analysis of Material Grades



The ASTM A194 standard is categorized into several "Grades," each designated by a number (and sometimes a

letter suffix). Selecting the correct grade depends on the operating temperature, the chemical environment

(corrosion risk), and the required tensile strength of the assembly.

Carbon and Alloy Steel Grades

•  Grade 2H: The most common grade of A194 nuts. Manufactured from medium-carbon steel, quenched and 

tempered. It is frequently used with A193 Grade B7 bolts in high-temperature piping and pressure vessels.

•  Grade 2HM: Similar to 2H but requires 100% hardness testing and is processed to a lower hardness range. 

This grade is specifically designed for sour gas environments where sulfide stress cracking (SSC) is a risk, 

complying with NACE MR0175/ISO 15156.

•  Grade 4: A carbon-molybdenum alloy steel nut. While less common today, it offers superior heat resistance 

compared to standard carbon steel.

•  Grade 7: An alloy steel (typically chromium-molybdenum, like AISI 4140) that is quenched and tempered. It is 

often used in low-temperature service as well as high-temperature service due to its excellent impact properties.

•  Grade 7M: The NACE-compliant version of Grade 7, similar in philosophy to Grade 2HM.

Stainless Steel Grades

•  Grade 8: Manufactured from AISI 304 stainless steel. These are austenitic nuts used for corrosion resistance. 

Because they are not hardened by heat treatment, they have lower proof load requirements than carbon steel 

grades.

•  Grade 8M: Manufactured from AISI 316 stainless steel. The addition of molybdenum provides enhanced 

resistance to chlorides and pitting.

•  Grade 6: A martensitic stainless steel (AISI 410) that can be hardened by heat treatment, offering a middle 

ground between the strength of alloy steel and the corrosion resistance of stainless steel.

Technical Comparison Matrix

The following table provides a comparative overview of the most frequently specified ASTM A194 grades,

highlighting their chemistry and intended applications.



Grade Material Type Heat Treatment Hardness (Brinell) Common 
Application

2H Medium Carbon 
Steel

Quenched &amp; 
Tempered

248 - 352 HBW General high-
pressure, high-temp 
piping

2HM Medium Carbon 
Steel

Q&amp;T + 
Hardness Control

159 - 237 HBW Sour gas (H2S) 
environments

7 Cr-Mo Alloy Steel Quenched &amp; 
Tempered

248 - 327 HBW Extreme temp and 
pressure; low-temp 
service

8 AISI 304 Stainless Solution Carbide 
Treated

126 - 300 HBW* Corrosive 
environments, 
chemical plants

8M AISI 316 Stainless Solution Carbide 
Treated

126 - 300 HBW* Marine and chloride-
heavy environments

*Note: Hardness for stainless grades varies significantly based on whether the material is strain-hardened.

Manufacturing Processes and Core Mechanics

The production of ASTM A194 nuts involves several critical stages, each governed by the standard to ensure 

uniformity. The raw material must be hot-wrought barsor wire. Forging is the preferred method for creating the nut

blank, followed by machining or tapping of the threads.

Threading Requirements

Threads for ASTM A194 nuts generally follow ASME B1.1 for inch sizes. For nuts with a diameter of 1 inch and 

smaller, a Unified Coarse (UNC) thread series is standard. For sizes larger than 1 inch, an 8-thread series (8UN) is 

typically specified to provide better torque-tension control and prevent loosening under thermal cycling. The metric 

equivalent follows ASME B18.2.4.6M for heavy hex nut configurations.

Proof Load Testing

One of the most rigorous technical requirements of A194 is the Proof Load Test . Unlike a simple tensile test, the

proof load test involves assembling the nut onto a hardened threaded mandrel and applying a specific axial load.

The nut must support this load without any evidence of thread stripping or fracture. 

For certain high-strength grades, a Cone Proof Load Testmay be required if there is a dispute regarding the nut's

integrity. This involves placing a hardened cone under the nut during the test to introduce a bursting force, further

testing the nut's resistance to dilation (expansion) under stress.

Installation and Field Implementation Guide

Proper installation of ASTM A194 nuts is as important as the material quality itself. In high-pressure systems, the 

objective is to achieve a specific bolt tension(preload), not just a specific torque value. Factors such as thread

lubrication can drastically alter the relationship between torque and tension.

Step-by-Step Installation Procedure



1.  Inspection: Verify the grade marking on the nut (e.g., "2H", "8M") and ensure the manufacturer&rsquo;s 

identification mark is present. Check threads for burrs or damage.

2.  Lubrication: Apply a high-quality, high-temperature anti-seize compound to the threads of both the bolt and 

the nut. For stainless steel grades (8/8M), this is mandatory to prevent galling.

3.  Alignment: Ensure the flanges or components are properly aligned to prevent side-loading on the nut threads.

4.  Tightening Sequence: Use a star pattern or "criss-cross" sequence. Tighten in increments (e.g., 30%, 60%, 

100% of target torque).

5.  Verification: For critical joints, use ultrasonic tension measurement or hydraulic bolt tensioners to ensure the 

design preload has been achieved.

Case Study: Failure Modes in High-Temperature Service

To understand the importance of ASTM A194, we can analyze common failure modes associated with non-

compliant or incorrectly specified fasteners.

1. Hydrogen Embrittlement

In high-strength carbon steel nuts like Grade 2H, exposure to atomic hydrogen (often found in certain chemical 

processes or as a byproduct of corrosion) can lead to sudden, brittle failure. This is why Grade 2HM or Grade 7M

is specified for sour gas service; the lower hardness reduces the material's susceptibility to hydrogen-induced

cracking.

2. Stress Relaxation

In high-temperature steam applications (above 800&deg;F), a nut made of standard Grade 2H may undergo stress 

relaxation. Over time, the internal stress (clamping force) decreases even though the nut hasn't turned. This leads 

to flange leaks. In such cases, upgrading to Grade 7or an austenitic stainless steel with higher creep-rupture

strength may be necessary.

3. Thermal Expansion Mismatch

A common engineering error involves pairing an ASTM A193 Grade B8 (stainless) bolt with a Grade 2H (carbon

steel) nut. Because stainless steel has a higher coefficient of thermal expansion than carbon steel, heating the

assembly causes the bolt to expand faster than the nut, potentially overloading the threads or causing the nut to

lose its grip upon cooling.

Revision History and Modern Standards: ASTM A194/A194M-24

The ASTM committee regularly updates the standard to reflect new metallurgical research and industry needs. The 

most recent revisions, including ASTM A194/A194M-24, have focused on refining the requirements for metric 

dimensions and clarifying testing frequencies. Specifically, revisions have addressed the inclusion of heavy hex nut

configurations for metric sizes (referencing ASME B18.2.4.6M) and updating the rationale for hardness sampling to

ensure statistical reliability across large production lots.

Quality Assurance and Certification

For high-pressure service, documentation is paramount. A Material Test Report (MTR)should accompany every

lot of ASTM A194 nuts. This report must include:

•  Chemical analysis of the heat of steel.

•  Hardness test results (Brinell or Rockwell).

•  Proof load test results.



•  Records of the heat treatment cycle (time and temperature).

•  Confirmation of the specific ASTM revision year (e.g., A194-24).

Engineering Best Practices for Nut Selection

When specifying nuts for a project, engineers should follow a hierarchical decision-making process:

Determine the Operating Temperature

If the temperature exceeds 800&deg;F (427&deg;C), carbon steel grades are typically avoided in favor of alloy

steels (Grade 7) or stainless steels. For cryogenic applications, Grade 8 and Grade 7 (with appropriate impact

testing) are preferred.

Evaluate the Chemical Environment

In offshore or marine environments, Grade 8M (316 SS)is the standard choice. If high strength is required

alongside corrosion resistance, martensitic grades like Grade 6 or specialty super-alloys (often covered by ASTM

A453) might be considered instead of A194.

Consider the Mating Fastener

The nut should always be equal to or stronger than the bolt. The general rule of thumb is:A193 B7 Bolt &rarr; A194

2H NutA193 B7M Bolt &rarr; A194 2HM NutA193 B16 Bolt &rarr; A194 Grade 4 or 7 NutA193 B8 Bolt &rarr; A194

Grade 8 Nut

Summary of Broader Implications

The ASTM A194/A194M specification is more than just a list of dimensions; it is a comprehensive safety protocol

for high-risk engineering environments. By mandating specific metallurgical properties, heat treatments, and proof-

load capacities, the standard ensures that the global supply chain for pressure-containing equipment remains safe

and predictable.

As industries push toward higher efficiencies—which often means higher operating temperatures and pressures—

the role of the ASTM A194 nut becomes even more critical. From the power plants that provide our electricity to the

refineries that produce our fuel, these small but technically sophisticated components are the silent guardians of

mechanical integrity. Engineers, purchasers, and maintenance professionals must remain diligent in their

understanding of these grades, ensuring that every nut installed in the field is capable of withstanding the rigors of

its environment, thereby preventing catastrophic failures and ensuring the longevity of our global infrastructure.
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