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Abstract: This report provides a detailed analysis of the mechanical
properties of 304 stainless steel, a widely used austenitic stainless steel
known for its corrosion resistance and formability. We explore its tensile
strength, yield strength, elongation, hardness, fatigue strength, creep
resistance, and impact toughness, examining the influence of factors such as
temperature, heat treatment, and cold working. The data presented is backed
by established research and experimental findings, providing a comprehensive
understanding of 304 stainless steel mechanical properties for engineers and
materials scientists.

1. Introduction to 304 Stainless Steel and its
Mechanical Properties

304 stainless steel, also known as 18/8 stainless steel (due to its
approximately 18% chromium and 8% nickel content), is an austenitic stainless
steel renowned for its excellent corrosion resistance and good mechanical
properties. Understanding these 304 stainless steel mechanical properties is
crucial for its effective application in various industries, including
construction, aerospace, food processing, and medical devices. Its
versatility stems from a combination of strength, ductility, and weldability.
This report delves into the key mechanical characteristics of 304 stainless
steel, providing detailed data and analysis.



2. Tensile Properties of 304 Stainless Steel

Tensile testing is a fundamental method for characterizing the strength and
ductility of materials. For 304 stainless steel, typical tensile properties
at room temperature include:

Yield Strength (0.2% offset): Ranges from 205 to 275 MPa (30,000 to 40,000
psi). This represents the stress at which permanent deformation begins.
Tensile Strength: Typically between 515 and 690 MPa (75,000 to 100,000 psi).
This indicates the maximum stress the material can withstand before fracture.
Elongation: Usually between 40% and 50%. This measures the material's
ductility, representing its ability to deform plastically before fracture.
Reduction in Area: A measure of the material's ability to deform before
necking and fracture occurs. Typical values range from 40% to 70%.

These 304 stainless steel mechanical properties are influenced by factors
such as cold working, heat treatment, and the specific manufacturing process.
Cold working, for example, increases both yield and tensile strength but
decreases ductility. Annealing, a heat treatment process, can restore
ductility and reduce strength.

3. Hardness of 304 Stainless Steel

The hardness of 304 stainless steel is typically measured using the Rockwell
or Brinell scales. Annealed 304 stainless steel typically exhibits a hardness
of approximately 90-100 HRB (Rockwell Hardness B scale) or 150-200 HB
(Brinell Hardness). Cold working significantly increases hardness.

4. Fatigue Strength of 304 Stainless Steel

Fatigue strength describes the material's ability to withstand repeated
cyclic loading. The fatigue strength of 304 stainless steel is dependent on
the stress amplitude, frequency of loading, and surface finish. Generally,
the fatigue strength is significantly lower than the tensile strength, making
fatigue a critical design consideration for applications involving cyclical
loading.

5. Creep Resistance of 304 Stainless Steel

Creep is the time-dependent deformation under sustained stress at elevated
temperatures. 304 stainless steel exhibits relatively good creep resistance
at moderate temperatures but experiences significant creep at temperatures
above 500°C (932°F). Creep resistance is crucial in applications involving
high temperatures, such as power generation and petrochemical processing.



6. Impact Toughness of 304 Stainless Steel

Impact toughness, measured by the Charpy or Izod test, indicates the
material's resistance to fracture under impact loading. The impact toughness
of 304 stainless steel is generally good at room temperature but can decrease
significantly at lower temperatures, particularly below -50°C (-58°F),
exhibiting a ductile-to-brittle transition.

7. Effect of Temperature on 304 Stainless Steel
Mechanical Properties

Temperature significantly affects the 304 stainless steel mechanical
properties. As temperature increases, yield strength and tensile strength
generally decrease, while ductility increases. At extremely low temperatures,
a ductile-to-brittle transition can occur, reducing impact toughness.

8. Influence of Heat Treatment and Cold Working on
304 Stainless Steel Mechanical Properties

Heat treatment and cold working significantly alter the 304 stainless steel
mechanical properties. Annealing softens the material, increasing ductility
and reducing strength. Cold working, on the other hand, strengthens the
material by increasing its dislocation density, leading to higher yield and
tensile strengths but reduced ductility.

9. Applications Based on 304 Stainless Steel
Mechanical Properties

The versatility of 304 stainless steel arises from its combination of
corrosion resistance and a wide range of achievable mechanical properties.
Its applications are vast and include:

Food Processing Equipment: Its corrosion resistance and ability to withstand
cleaning processes make it ideal for food processing equipment.
Chemical Processing: The corrosion resistance allows use in various chemical
environments.
Architectural Applications: Its aesthetic appeal and corrosion resistance
contribute to its use in building facades and other architectural elements.
Medical Devices: Biocompatibility and corrosion resistance are essential for
medical applications.
Automotive Components: Use in exhaust systems and other components where
corrosion resistance and moderate strength are needed.

Conclusion



This report provides a comprehensive overview of the mechanical properties of
304 stainless steel. Understanding these properties, their variability
depending on processing, and the impact of environmental factors is crucial
for the appropriate selection and successful application of this widely used
material in diverse engineering applications. The data and analysis presented
here highlight the importance of considering the specific requirements of an
application when choosing 304 stainless steel and tailoring its properties
through processing techniques.

FAQs

What is the difference between 304 and 316 stainless steel in terms of1.
mechanical properties? 316 stainless steel generally has slightly higher
strength and corrosion resistance due to the addition of molybdenum.

How does the grain size affect the mechanical properties of 3041.
stainless steel? Smaller grain sizes generally lead to increased
strength and hardness.

Can 304 stainless steel be hardened by heat treatment? No, 304 stainless1.
steel is not hardenable by heat treatment in the conventional sense; its
strengthening is primarily achieved through cold working.

What are the typical welding procedures for 304 stainless steel? Various1.
welding techniques like TIG, MIG, and stick welding can be used, but
proper procedures are crucial to avoid issues like weld cracking.

How does temperature affect the corrosion resistance of 304 stainless1.
steel? Corrosion resistance is generally high across a wide temperature
range but can decrease at very high temperatures.

What is the typical density of 304 stainless steel? Approximately 7.931.
g/cm³.



How does surface finish affect the fatigue strength of 304 stainless1.
steel? A smoother surface generally leads to a higher fatigue strength.

What are the limitations of using 304 stainless steel? It may not be1.
suitable for applications requiring very high strength or extreme low-
temperature resistance.

Where can I find more detailed material property data sheets for 3041.
stainless steel? Consult reputable material suppliers' websites or
standards organizations like ASTM International.

Related Articles

The Effect of Cold Work on the Mechanical Properties of 304 Stainless1.
Steel: This article details the changes in yield strength, tensile
strength, and ductility resulting from different levels of cold work.

High-Temperature Mechanical Properties of 304 Stainless Steel: An in-1.
depth look at creep behavior and other mechanical properties at elevated
temperatures.

Corrosion Resistance and Mechanical Properties of 304 Stainless Steel in1.
Marine Environments: Focuses on the performance of 304 stainless steel
in specific corrosive conditions.

Fatigue Behavior of 304 Stainless Steel under Different Loading1.
Conditions: An analysis of fatigue strength under various stress
amplitudes, frequencies, and loading patterns.

Influence of Microstructure on the Mechanical Properties of 3041.
Stainless Steel: Explores the relationship between the material's
microstructure and its mechanical behavior.



Welding and Heat-Affected Zone Properties of 304 Stainless Steel:1.
Discusses the changes in mechanical properties in the weld region after
welding operations.

Comparative Study of Mechanical Properties of 304 and 316 Stainless1.
Steels: A direct comparison of the mechanical properties of these two
commonly used stainless steel grades.

Fracture Toughness and Impact Properties of 304 Stainless Steel:1.
Detailed analysis of fracture mechanics and impact resistance at various
temperatures.

Case Studies of 304 Stainless Steel Failures and their Root Causes:1.
Examines specific instances of 304 stainless steel failure to identify
critical factors affecting mechanical performance.
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Strengthening methods are discussed in detail - Different applications are analysed including
turbines and nuclear reactors
  304 stainless steel mechanical properties: Stainless Steels Joseph R. Davis, 1994-01-01 ASM



Specialty Handbook® Stainless Steels The best single-volume reference on the metallurgy,
selection, processing, performance, and evaluation of stainless steels, incorporating essential
information culled from across the ASM Handbook series. Includes additional data and reference
information carefully selected and adapted from other authoritative ASM sources.
  304 stainless steel mechanical properties: Liquid-metals Handbook , 1950
  304 stainless steel mechanical properties: Properties of Austenitic Stainless Steels and
Their Weld Metals (Influence of Slight Chemistry Variations) C. R. Brinkman, 1979
  304 stainless steel mechanical properties: Austenitic Stainless Steels Wojciech Borek,
Tomasz Tański, Zbigniew Brytan, 2017-12-20 Stainless steel is still one of the fastest growing
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their annual consumption increased faster than other materials. They find application in all these
fields requiring good corrosion resistance together with ability to be worked into complex
geometries. Despite to their diffusion as a consolidated materials, many research fields are active
regarding the possibility to increase stainless steels mechanical properties and corrosion resistance
by grain refinement or by alloying by interstitial elements. At the same time innovations are coming
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manganese instead of nickel, which is more expensive. Research to develop these higher strength



austenitic steels is in process, primarily in Japan and the United States.
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  304 stainless steel mechanical properties: Sintering of Advanced Materials Zhigang Zak
Fang, 2010-09-27 Sintering is a method for manufacturing components from ceramic or metal
powders by heating the powder until the particles adhere to form the component required. The
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major portion of the collected papers is focused on the mechanisms of microstructure evolution and
the mechanical properties of metallic materials subjected to various thermo-mechanical, deformation
or heat treatments. Another large portion of the studies is aimed on the elaboration of alloying
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plants. However, these alloys can suffer SCC under certain conditions, resulting in component



failure. A key figure in understanding the mechanisms of SCC in nickel alloys in water-cooled
nuclear reactors is Henri Coriou of the CEA, France's leading center for nuclear research. This book
assesses his work in the context of the latest research on SCC in nickel alloys in nuclear power
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from uniaxial fatigue.
  304 stainless steel mechanical properties: Stainless Steels for Design Engineers Michael F.
McGuire, 2008 The rate of growth of stainless steel has outpaced that of other metals and alloys,
and by 2010 may surpass aluminum as the second most widely used metal after carbon steel. The
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microstructure of material to regulate its corrosion-mechanical, technological, and functional
properties. Five major classes of stainless steels are widely used: ferritic, austenitic, martensitic,
duplex, and precipitation hardening. Austenitic stainless steels are extensively used for service down
to as low as the temperature of liquid helium (-269oC). This is largely due to the lack of a clearly
defined transition from ductile to brittle fracture in impact toughness testing. Steels with ferritic or
martensitic structures show a sudden change from ductile (safe) to brittle (unsafe) fracture over a
small temperature difference. Even the best of these steels shows this behavior at temperatures
higher than -100oC and in many cases only just below zero. Various types of stainless steel are used
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  304 stainless steel mechanical properties: Gas Purification Arthur L. Kohl, Fred C.
Riesenfeld, 1985
  304 stainless steel mechanical properties: The History of Stainless Steel Harold M. Cobb,



2010-01-01 The History of Stainless Steel provides a fascinating glimpse into a vital material that we
may take for granted today. Stainless steel, called the miracle metal and the crowning achievement
of metallurgy by the prominent metallurgist Carl Zapffe, is a material marvel with an equally
fascinating history of people, places, and technology. As stainless steel nears the hundredth
anniversary of its discovery, The History of Stainless Steel by Harold Cobb is a fitting perspective on
a vital material of our modern life. Aptly called the miracle metal by the renowned metallurgist Carl
Zapffe, stainless steel is not only a metallurgical marvel, but its history provides an equally
fascinating story of curiosity, competitive persistence, and entrepreneurial spirit. The History of
Stainless Steel is the world's first book that captures the unfolding excitement and innovations of
stainless steel pioneers and entrepreneurs. Many new insights are given into the work of famous
pioneers like Harry Brearley, Elwood Haynes, and Benno Strauss, including significant technical
contributions of lesser known figures like William Krivsky. This fascinating history of stainless steel
exemplifies the great push of progress in the 20th Century. From the stainless steel cutlery of
Brearley in 1913, stainless steel burst on the modern scene in many tangible ways. Excerpted text by
William Van Alen, architect of the Chrysler Building, describes the early architectural use of
stainless steel. Another historic application of stainless steel is the revolution in rail travel by the
Edward G. Budd Company, which built the first light-weight stainless steel passenger trains--with an
astounding 90% reduction in fuel costs. This remains recognized today as one of the technological
marvels of the modern world. Harold Cobb, a metallurgist who has spent much of his career in the
stainless steel industry, uncovers many interesting stories and insights, including a special
perspective on the prominent role of stainless steel in the activities of emerging technical societies
such as the American Society for Metals and the American Society for Testing and Materials. Amply
illustrated and with a 78-page timeline, this publication truly evokes the inspirations created by and
from stainless steel.
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Barry M. Patchett, John E. Bringas, R. David Thomas, 2000-01-01
  304 stainless steel mechanical properties: Aerospace Structural Metals Handbook ,
1989
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不锈钢，为什么要叫304不锈钢呢？ - 知乎
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Modified-Since or If-None-Match. In such …

http - How to prevent request that returns 304 - Stack Overflow
The server is returning a 304 after the browser cache has been primed. My
question is, why is the browser even checking with the server and getting a
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表面呈现哑光。 抗压：因为不锈钢201的碳含 …

304不锈钢能被磁铁吸住这种不锈钢质量合格吗? - 知乎
May 17, 2022 · 304不锈钢在因冶炼过程中造成事化学成分波动或加，状态不同时可能出现磁性。 这不能认为是冒牌或不合格产品;另外304不锈钢经
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the server declaring to the client "for the version you are asking for, I
know it is not modified, you don't really need the …

How does "304 Not Modified" work exactly? - Stack Overflow
The browser then sends a request with the If-Modified-Since or If-None-Match
header, telling the server to send a 304 if the content still has that date
or ETag. The server needs some way of …

不锈钢，为什么要叫304不锈钢呢？ - 知乎
不锈钢角阀一般以304不锈钢材质为主，不含铅，健康环保；耐酸碱、耐腐蚀、不生锈，历久弥新； 一般全铜和不锈钢角阀不易氧化和生锈，大都可以使用10年以上；而
锌合金角阀虽然便宜， …

Sometimes GET returns 304 instead of 200 - Stack Overflow
Jun 27, 2017 · 304 Not Modified (RFC 7232) Indicates that the resource has
not been modified since the version specified by the request headers If-
Modified-Since or If-None-Match. In such …



http - How to prevent request that returns 304 - Stack Overflow
The server is returning a 304 after the browser cache has been primed. My
question is, why is the browser even checking with the server and getting a
304 in the first place? I don't want the …

不锈钢304和不锈钢316的区别是什么? - 知乎
3、性质不同，使得304不锈钢和316不锈钢的用途也有所不同。 室内环境和一般的室外环境中， 选择304不锈钢紧固件 就能够抵抗自然腐蚀等问题了，但是如果
是海水用设备、化学、燃料等生 …

NodeJS/express: Cache and 304 status code - Stack Overflow
Sep 15, 2013 · When I reload a website made with express, I get a blank page
with Safari (not with Chrome) because the NodeJS server sends me a 304 status
code. How to solve this? Of …

201不锈钢与304不锈钢有什么区别？ - 知乎
Nov 18, 2021 · 色泽：不锈钢201不锈钢含有锰元素，但是不锈钢304没有。不锈钢201是含锰较高表面很亮带有暗黑的亮。不锈钢304含铬较多，
表面呈现哑光。 抗压：因为不锈钢201的碳含 …

304不锈钢能被磁铁吸住这种不锈钢质量合格吗? - 知乎
May 17, 2022 · 304不锈钢在因冶炼过程中造成事化学成分波动或加，状态不同时可能出现磁性。 这不能认为是冒牌或不合格产品;另外304不锈钢经
过冷加工，组织结构也会向马氐转化，冷加 …
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