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In the expansive landscape of industrial fasteners, the ASTM A307 specificationserves as a fundamental

benchmark for carbon steel bolts, studs, and threaded rods. Often referred to as the "workhorse" of the

construction and piping industries, these fasteners provide a reliable, low-cost solution for applications where high

tensile strength is not the primary requirement. This comprehensive guide delves into the technical nuances of

ASTM A307, analyzing its distinct grades, mechanical properties, and the critical differences between imperial and

metric equivalents.

The Scope and Classification of ASTM A307

ASTM A307 is a standard specification governed by ASTM International that covers the chemical and mechanical

requirements for three distinct grades of carbon steel fasteners. These fasteners are typically used in general-

purpose applications, ranging from light construction to specialized piping systems. The specification is limited to

fasteners with a diameter ranging from 1/4 inch to 4 inches.

Defining the Three Grades: A, B, and C

Understanding the specific application of each grade is crucial for engineering integrity and safety. While they all fall

under the A307 umbrella, their mechanical envelopes and intended environments vary significantly:

•  Grade A: These are general-purpose bolts, studs, and threaded rods intended for a wide variety of 

applications. They offer a minimum tensile strength of 60,000 psi (60 ksi). Grade A is most commonly used in non-

critical joints and general assembly where high-stress loading is absent.

•  Grade B: Specifically designed for piping systems, Grade B fasteners are heavy hex bolts and studs. They are 

primarily intended for flanged joints in piping systems, particularly those utilizing cast iron flanges. The tensile 

strength for Grade B ranges from 60,000 to 100,000 psi, providing a slightly higher performance ceiling than Grade 

A.

•  Grade C: Historically, Grade C referred to non-headed anchor bolts, either bent or straight, intended for 

structural anchoring. However, it is important to note that Grade C has largely been replaced by the ASTM F1554 

Grade 36 specification. Engineers still referencing Grade C are typically looking for the properties now codified 

under F1554.

Core Concepts and Theoretical Framework

To appreciate the utility of ASTM A307, one must understand the metallurgical and mechanical principles that 

define it. Unlike high-strength fasteners like ASTM A325 or A490, which require quenching and tempering, A307 

fasteners are generally manufactured from low-carbon steel. This results in a more ductile material that is less

prone to brittle failure but possesses a lower yield point.

Chemical Composition and Metallurgy

The chemical profile of ASTM A307 is designed to ensure weldability and ductility. The primary alloying elements

are strictly controlled to prevent impurities from compromising the fastener's performance. The standard requires



the following maximum limits for heat analysis:

•  Carbon: Provides the necessary hardness and strength without making the steel too brittle.

•  Manganese: Improves the forging and rolling properties of the steel.

•  Phosphorus and Sulfur: Kept to a minimum to avoid "cold shortness" and "red shortness," respectively, which 

could cause cracking during manufacturing or use.

Mechanical Performance Metrics

The performance of an A307 bolt is measured through tensile testing, yield strength evaluation (though yield is not 

always a mandatory reporting requirement for all grades), and hardness testing. For Grade A and B, the Rockwell 

Hardnesstypically falls within the range of 69 to 100 HRB. This ensures the material is hard enough to resist

deformation while remaining soft enough to handle vibration and minor shifts in load without snapping.

Technical Analysis: ASTM A307 vs. Comparative Standards

In the engineering field, selecting the wrong bolt grade can lead to catastrophic failure. Therefore, comparing ASTM 

A307 to other common standards like SAE J429 Grade 2 and ASTM A325 is essential for proper specification.

Comparison with SAE J429 Grade 2

ASTM A307 and SAE J429 Grade 2 are often considered equivalent. However, they are governed by different 

bodies and intended for different markets. A307 is an industrial/structural specification, whereas Grade 2 is an 

automotive specification. While their mechanical properties (60 ksi tensile strength) are nearly identical, the

testing protocols and documentation requirements may differ depending on the end-user's industry standards.

ASTM A307 vs. High-Strength Fasteners (A325/A490)

A common mistake is substituting A307 for A325 in structural steel connections. A325 bolts are heat-treated and

possess a minimum tensile strength of 120,000 psi—double that of A307 Grade A. Using A307 in a connection

designed for A325 will lead to premature shear failure or excessive elongation under load.

Metric Equivalents: ISO 898-1 Property Classes

For projects utilizing the metric system, engineers often look for the "Metric A307." While there is no direct one-to-

one conversion, ISO 898-1 Property Class 4.6 and Class 5.8are the closest matches. Class 4.6 features a tensile

strength of 400 MPa (~58 ksi), making it a near-perfect surrogate for A307 Grade A.

Detailed Evaluation and Comparison Matrices

The following tables provide a structured breakdown of the technical data associated with ASTM A307 fasteners to

assist in selection and procurement.

Table 1: Mechanical Requirements for ASTM A307



Grade Tensile Strength, 
min (psi)

Tensile Strength, 
max (psi)

Elongation in 2 in., 
min (%)

Hardness 
(Rockwell B)

Grade A 60,000 Not Specified 18% 69 - 100

Grade B 60,000 100,000 18% 69 - 100

Grade C (F1554 Gr 
36)

58,000 80,000 23% Not Specified

Table 2: Chemical Composition (Heat Analysis)



Element Grade A (%) Grade B (%)

Carbon (max) 0.29 0.29

Manganese (max) 1.20 1.20

Phosphorus (max) 0.04 0.04

Sulfur (max) 0.05 0.05

Table 3: Fastener Identification Markings



Specification Grade Marking Material

ASTM A307 Grade A 307A Low Carbon Steel

ASTM A307 Grade B 307B Low Carbon Steel

SAE J429 Grade 2 (No lines on head) Low or Medium Carbon Steel

ASTM F1554 Grade 36 AB36 or Blue Top Low Carbon Steel

Practical Implementation and Field Guide

Properly implementing ASTM A307 fasteners in a project involves more than just selecting the right grade; it

requires attention to finishing, threading, and installation torque.

Finishing and Corrosion Resistance

Because A307 bolts are made of carbon steel, they are highly susceptible to oxidation. To mitigate this, they are

available in several finishes:

•  Plain (Black): No coating; requires lubrication to prevent rust during storage.

•  Zinc Plating: A thin layer of zinc provides moderate corrosion resistance, suitable for indoor or dry 

environments.

•  Hot-Dipped Galvanized (HDG): A thick coating of zinc applied by dipping the bolt in molten metal. This is the 

preferred choice for outdoor or marine environments. Note: Galvanized nuts must be over-tapped to accommodate 

the thickness of the zinc on the bolt threads.

Installation Torque and Tension

Torque is a proxy for tension. For A307 bolts, the goal is to provide enough clamp load to prevent movement 

without exceeding the yield point of the steel. The standard formula used is T = K x D x P, where:

•  T: Target Torque

•  K: Nut factor (friction coefficient)

•  D: Nominal diameter

•  P: Target Preload (usually 75% of yield)

Because A307 is relatively soft, over-torquing can easily strip the threads or stretch the bolt beyond its elastic limit.

Always use a calibrated torque wrench for critical piping flanges (Grade B).

Case Studies: Troubleshooting and Structural Integrity

Case Study 1: The Danger of Substitution

In a mid-rise commercial project, a contractor substituted A307 Grade A hex bolts for specified F1554 Grade 36 

anchor bolts. During a high-wind event, the lack of ductility and the different thread profile of the A307 bolts led to 

shearing at the base plate interface. The solutioninvolved drilling out the sheared bolts and installing epoxy-

anchored high-strength rods. This highlights why A307 Grade A should never be used as a substitute for structural

anchor bolts without engineering approval.

Case Study 2: Brittle Failure Prevention in Cast Iron Flanges

A chemical processing plant used high-strength A193 B7 bolts on cast iron flanges. The high clamp load required 



to "seal" the B7 bolts caused the brittle cast iron flanges to crack. The engineering team switched to ASTM A307 

Grade B. Because Grade B has a maximum tensile strength limit (100 ksi), the bolts would yield before the flange

reached its breaking point, effectively acting as a mechanical safety fuse for the expensive piping system.

Common Failure Modes

1.  Hydrogen Embrittlement: While less common in low-strength A307 than in high-strength bolts, improper acid 

pickling during the zinc plating process can still introduce hydrogen, leading to delayed brittle failure.

2.  Thread Galling: Often occurs with stainless steel, but can happen with galvanized A307 if the threads are not 

properly lubricated or if the nuts are not over-tapped correctly.

3.  Corrosion Fatigue: In vibratory environments (like pump housing), an unprotected A307 bolt may develop 

micro-cracks that propagate due to rust, eventually leading to a complete break.

Synthesis and Broader Implications

ASTM A307 remains an indispensable component of modern infrastructure precisely because of its predictability

and cost-effectiveness. By providing three distinct grades, the specification allows engineers to tailor their fastener

selection to the specific needs of the application—be it a simple timber connection or a complex cast iron piping

network. 

As global standards continue to harmonize, the comparison between imperial ASTM standards and metric ISO

property classes becomes increasingly vital. Understanding that an A307 bolt is more than just "a standard bolt"

but rather a carefully regulated metallurgical product ensures that safety and efficiency remain at the forefront of

industrial design. Whether you are a procurement specialist sourcing Grade B studs for a refinery or a structural

engineer specifying anchors for a new build, the technical depth of ASTM A307 provides the foundational reliability

required for long-term operational success.
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