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In the expansive realm of industrial fasteners, the ASTM A307specification stands as one of the most widely

recognized and utilized standards for carbon steel bolts, studs, and threaded rods. Often referred to as "low-carbon

steel bolting," the A307 standard encompasses a variety of mechanical and chemical requirements that are

essential for general-purpose applications, ranging from structural steel connections to piping systems.

Understanding the nuances between its various grades—specifically Grade A and Grade B—and how they

translate to metric property classes is critical for engineers, procurement specialists, and structural designers alike.

This guide provides an exhaustive technical analysis of the ASTM A307 specification, its mechanical properties,

and its global equivalents.

The Evolution and Scope of ASTM A307

The ASTM A307 specification was developed by the American Society for Testing and Materials (now ASTM 

International) to standardize the production of carbon steel fasteners with a minimum tensile strength of 60,000 psi 

(60 ksi). Historically, this standard has been the go-to for fasteners where high strength is not the primary concern, 

but reliability and cost-effectiveness are. The current version, ASTM A307-21, continues to define the benchmarks

for three distinct grades: A, B, and C (though Grade C is largely superseded). Each grade is tailored for specific

environmental and mechanical stressors, ensuring that the fastener behaves predictably under load.

The Three Tiers of A307: Grades A, B, and C

•  Grade A: This is the general-purpose grade. It is used for a wide range of applications including construction, 

machinery, and timber framing. It has a minimum tensile strength of 60 ksi and is primarily intended for joints where 

high-strength bolting (such as ASTM A325 or A490) is not required.

•  Grade B: Specifically designed for flanged joints in piping systems with cast iron flanges. The unique property 

of Grade B is its maximum tensile strength limit of 100 ksi. This upper limit is crucial because it ensures that the 

bolt will fail before the cast iron flange—which is relatively brittle—undergoes a catastrophic fracture.

•  Grade C: Formerly used for unheaded ground bolts and anchor bolts. However, since 2007, Grade C has 

been largely replaced by the ASTM F1554 Grade 36 specification, which specifically addresses the requirements 

for anchor bolts intended for structural supports.

Core Theoretical Framework: Mechanical and Chemical Requirements

To fully grasp why ASTM A307 is specified over other standards like SAE J429 Grade 5 or ASTM A193, one must

look at the metallurgical composition and mechanical thresholds. The fasteners are typically manufactured from low

to medium carbon steel, providing a balance of ductility and strength.

Chemical Composition Analysis

The chemical makeup of ASTM A307 bolts is strictly controlled to ensure weldability and performance. High levels

of phosphorus and sulfur are avoided to prevent brittleness and improve the steel's integrity during cold-forming or

machining.



Element Grade A (%) Grade B (%)

Carbon (Max) 0.29 0.29

Manganese (Max) 0.90 1.20

Phosphorus (Max) 0.04 0.04

Sulfur (Max) 0.05 0.05

Mechanical Property Benchmarks

Mechanical testing for A307 involves measuring hardness and tensile strength. Hardness is measured using either

the Brinell (HBW) or Rockwell (HRB) scales, ensuring the material is neither too soft to deform nor too hard to

become brittle.



Metric ASTM A307 Grade A ASTM A307 Grade B

Tensile Strength (Min) 60,000 psi (414 MPa) 60,000 psi (414 MPa)

Tensile Strength (Max) None Specified 100,000 psi (690 MPa)

Yield Point (Min) Not Specified Not Specified

Elongation in 2 in. (Min) 18% 18%

Hardness (Brinell) 121 - 241 HBW 121 - 212 HBW

The inclusion of a maximumtensile strength for Grade B is a critical engineering safety feature. By capping the

strength at 100 ksi, designers protect the cast iron components of a system, which are often the most expensive

and difficult parts to replace in the event of a failure.

Technical Analysis: Imperial vs. Metric Property Classes

In a globalized manufacturing landscape, the conversion between Imperial (ASTM) and Metric (ISO) standards is a 

common source of confusion. Fasteners are not always direct 1:1 substitutes due to differences in thread pitches, 

material compositions, and proof load requirements. However, engineers often look for Property Classesthat

mirror the performance of A307.

Metric Equivalent: ISO 898-1 Class 4.6 and 5.8

The most common metric equivalent for ASTM A307 Grade A is Property Class 4.6. In some instances, Class 5.8

is also cited when slightly higher yield strength is required. The numerical designation in the metric system provides

immediate insight into the strength: the first digit (4) represents 1/100th of the nominal tensile strength in MPa, and

the second digit (.6) represents the ratio of yield strength to tensile strength.

•  Class 4.6: Tensile strength of 400 MPa (~58,000 psi). This is the closest match to the 60,000 psi requirement 

of A307 Grade A.

•  Class 5.8: Tensile strength of 500 MPa (~72,500 psi). This is often used when a metric user wants a "heavy-

duty" low-carbon bolt.

Comparative Evaluation Table



ASTM Standard Tensile (ksi) Metric Equivalent (ISO 
898-1)

Metric Tensile (MPa)

A307 Grade A 60 Class 4.6 400

A307 Grade B 60 - 100 Class 5.8 (Approx) 500

A325 (Structural) 120 Class 8.8 800

A490 (Alloy) 150 Class 10.9 1000

Core Mechanics: Calculations and Fastener Selection

When selecting an ASTM A307 bolt, engineers must calculate the Allowable Tensile Load  and the Torque 

Requirementto ensure the joint remains secure without over-stressing the material. The basic formula for the

tensile strength of a bolt is:

P = S x As

Where:P = Tensile Load (lbs)S = Tensile Strength (psi, which is 60,000 for A307)As = Tensile Stress Area (sq. in.)

For a 1/2-inch A307 bolt with a Stress Area of 0.1419 sq. in., the minimum breaking load would be approximately

8,514 lbs. However, safety factors (typically 4:1 for non-critical loads) are applied to determine the working load.

Torque and Tightening

Correct installation torque is vital to prevent loosening. For A307 Grade A bolts, the K-factor (nut factor) is typically

0.20 for dry bolts and 0.15 for lubricated ones. The formula for estimated torque is:

T = K x D x P

Where:T = Torque (lb-in)K = Nut FactorD = Nominal Diameter (in)P= Target Clamp Load (usually 75% of proof

load)

Practical Implementation: Field Guide for Use

Applying ASTM A307 bolts in the field requires adherence to specific protocols to ensure the longevity of the

connection. This is especially true for Grade B bolts used in piping applications.

Step-by-Step Installation for Flanged Joints

1.  Inspection: Verify the head markings. A307 bolts must be marked with "A307A" or "A307B" and the 

manufacturer's identification mark.

2.  Alignment: Ensure the flanges are parallel. Forcing the flanges together with bolts can introduce bending 

stresses that the A307 specification is not designed to handle.

3.  Lubrication: Apply a consistent layer of lubricant to the threads and the bearing surface of the nut. This 

reduces the friction component of the torque calculation.

4.  Tightening Sequence: Use a star pattern or a "criss-cross" method to apply torque in increments (30%, 60%, 

and 100% of final torque). This ensures even compression of the gasket.

5.  Final Verification: Use a calibrated torque wrench to verify that all bolts meet the engineering specification.

Corrosion Protection



Since A307 is a carbon steel specification, it is highly susceptible to oxidation. Common coatings include:Zinc 

Plating (ASTM B633): Provides moderate corrosion resistance for indoor environments.Hot-Dip Galvanizing 

(ASTM A153): The standard for outdoor or marine environments. Note that nuts must be overtapped to account for 

the thickness of the zinc coating.Black Oxide:Primarily for aesthetic or oily environments where corrosion is not a

major concern.

Troubleshooting and Failure Modes

Even with a robust standard like A307, failures can occur if the application exceeds the material's limits. Common

issues include:

1. Hydrogen Embrittlement

This is primarily a concern with high-strength bolts, but it can affect A307 bolts if they are over-hardened or

subjected to improper acid cleaning during the plating process. It results in sudden, brittle failure under load. Proper

baking after plating is the standard solution.

2. Galvanic Corrosion

When an A307 carbon steel bolt is used to secure a stainless steel flange in a moist environment, the carbon steel 

bolt will act as the anode and corrode rapidly. Solution:Use insulating kits (sleeves and washers) or ensure the

bolt and flange are made of compatible materials.

3. Fatigue Failure

A307 bolts are not intended for high-fatigue applications (e.g., rotating machinery). If subjected to constant vibration 

and cyclic loading, they may develop microscopic cracks at the thread roots. Solution:Upgrade to a Grade 5 or

Grade 8 fastener if fatigue is a primary design factor.

Comparison: A307 vs. SAE Grade 5 (High Tensile)

Many users confuse A307 with SAE J429 Grade 5. While they might look similar, their performance profiles are

vastly different.



Feature ASTM A307 Grade A SAE J429 Grade 5

Material Low Carbon Steel Medium Carbon Steel (Quenched & 
Tempered)

Tensile Strength 60,000 psi 120,000 psi

Head Marking A307A 3 Radial Lines

Common Use General Framing Automotive & Heavy Equipment

Ductility High Moderate

Using an A307 bolt where a Grade 5 is required can lead to catastrophic failure due to the 50% reduction in tensile

strength. Conversely, using a Grade 5 where A307 Grade B is specified for cast iron flanges can lead to flange

breakage.

Global Context and Industry Synthesis

As engineering projects become increasingly international, the reliance on the ASTM A307 standard remains a

testament to its practical utility. While the metric system uses Property Classes like 4.6 and 5.8, the A307

specification provides a level of detail—specifically regarding the Grade B tensile cap—that is not always directly

addressed in basic ISO standards. This makes A307 indispensable for the global oil, gas, and waterworks

industries, where cast iron piping remains a staple.

In the coming years, we may see further harmonization between ASTM and ISO standards. However, the unique

requirements for structural integrity in low-carbon applications ensure that A307 will remain a cornerstone of

fastener engineering. Professionals must continue to prioritize the distinction between Grade A and Grade B,

recognize the implications of metric equivalencies, and adhere to strict torque and installation protocols to maintain

the safety and reliability of the built environment. Through rigorous adherence to these technical benchmarks, the

integrity of industrial connections is preserved, ensuring that even the most basic components—the humble carbon

steel bolt—perform their critical function without fail.

Tags: #ASTM A307  #Bolt Grades  #Metric Equivalents  #Fastener Engineering  #Carbon Steel Bolts



Page 1 of 6



Page 2 of 6



Page 3 of 6



Page 4 of 6



Page 5 of 6



Page 6 of 6


