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Introduction

When it comes to protecting workers from head injuries in hazardous environments, a robust, well �tested standard 

is essential. The ANSI Z89.1standard, often referred to as the “ANSI Z89.1 safety requirements for industrial

head,” sets the benchmark for the design, testing, and performance of head protection equipment. From

construction sites to laboratories, electrical workshops, and manufacturing floors, helmets that meet this standard

help prevent serious injuries and fatalities.

In this article, we’ll dive deep into the core elements of ANSI Z89.1, explore the testing methods that validate

headgear performance, and provide practical guidance for selecting the right helmet for any industrial setting.

Whether you’re a safety officer, procurement manager, or an employee looking to understand the gear you rely on,

this guide will give you a comprehensive understanding of why ANSI Z89.1 matters and how to apply it effectively.

What Is ANSI Z89.1?

ANSI Z89.1, officially titled “Standard for Occupational Head Protection,” is a safety standard developed by the

American National Standards Institute (ANSI) in collaboration with the American Society of Safety Engineers

(ASSE). It defines the minimum requirements for head protection equipment (HPE) used in workplaces where

workers are exposed to impacts, penetration, electrical hazards, thermal risks, or chemical exposure.

While the standard has evolved over the years, its primary goal remains constant: to ensure that head protection

devices provide reliable, measurable protection against the most common workplace hazards. The standard is

regularly updated to incorporate new materials, testing technologies, and emerging safety concerns.

Scope of the ANSI Z89.1 Standard

The ANSI Z89.1 standard covers a wide range of head protection products, including:

•  Hard hats and safety helmets for construction and industrial use

•  Lab headgear and protective caps for chemical and biological labs

•  Electrical safety helmets for high �voltage environments

•  Sporting helmets used in industrial recreational activities (e.g., cycling, skating)

•  Custom headgear designed for specific tasks (e.g., welding, cryogenic work)

It specifies performance criteria for each type of hazard, defines testing procedures, and outlines labeling

requirements. Importantly, the standard is voluntary in the United States, but many employers, unions, and

government agencies adopt it as a baseline for compliance.

Key Safety Requirements Covered by ANSI Z89.1

ANSI Z89.1 is structured around several critical safety aspects. Below is a breakdown of the core requirements that

manufacturers must meet to certify a head protection device:

Impact Resistance



One of the most common causes of head injuries is impact from falling or striking objects. The standard requires

helmets to withstand a specified force without exceeding a maximum deformation limit. This is typically measured

using a drop test from a set height onto a hard surface. The impact resistance test ensures the helmet’s shell, liner,

and fastener system can absorb energy and protect the skull.

Penetration Resistance

Penetration hazards arise when sharp objects, such as nails or metal shards, strike the head. ANSI Z89.1

mandates a penetration test that evaluates whether a sharp projectile can puncture the helmet’s shell. The test

uses a calibrated needle or blade and requires the helmet to maintain a minimum barrier against penetration.

Electrical Conductivity

Workers in electrical environments face the risk of arc flash or electric shock. The standard requires helmets to

either be electrically conductive or insulated, depending on the intended use. Conductive helmets must allow the

flow of current to prevent arc flash injuries, while insulated helmets provide a barrier to protect against direct

contact with high �voltage sources.

Thermal Protection

High temperatures, welding arcs, or chemical burns can cause severe head injuries. ANSI Z89.1 specifies thermal

tests to evaluate a helmet’s ability to resist heat transfer. These tests involve exposing the helmet to a controlled

heat source and measuring temperature rise and thermal conductivity.

Chemical Resistance

In laboratories or chemical handling facilities, helmets may be exposed to corrosive gases or liquids. The standard

includes tests for chemical resistance, ensuring that the helmet’s shell, liner, and fasteners do not degrade or leach

harmful substances when exposed to specific chemicals.

Additional Features and Performance Criteria

Beyond the core requirements, the standard also addresses:

•  Ventilation and airflow for heat management

•  Noise attenuation for hearing protection

•  Comfort and fit, including adjustable suspension systems

•  Compatibility with other PPE, such as face shields or respirators

•  Durability under repeated use and cleaning cycles

Testing Methods Used to Verify ANSI Z89.1 Compliance

Manufacturers must follow rigorous testing protocols to demonstrate that their helmets meet the standard’s

performance criteria. Below are the primary tests required for each safety category:

Impact Test (Drop Test)

1.  Setup: The helmet is mounted on a fixture that simulates a worker’s head.

2.  Drop Height: Typically 1.5 meters (5 feet) for most helmets.

3.  Impact Surface: A rigid steel plate.

4.  Measurement: The helmet’s deformation and energy absorption are recorded. The helmet must not exceed 

the maximum allowable deformation.

Penetration Test

1.  Setup: A calibrated needle or blade is dropped onto the helmet’s shell.



2.  Force: Standardized to 10–15 kilograms (22–33 pounds).

3.  Result: The helmet must resist puncture; any penetration indicates non �compliance.

Electrical Conductivity Test

1.  Setup: The helmet is placed between two conductive plates.

2.  Voltage: Typically 10,000 volts for high �voltage environments.

3.  Measurement: The test checks if the helmet allows the current to pass through (conductive) or blocks it 

(insulated).

Thermal Test

1.  Setup: The helmet is exposed to a heat source, such as a 150°C or 200°C environment.

2.  Duration: Usually 10–15 minutes.

3.  Measurement: The temperature rise at the helmet’s interior is recorded. The helmet must maintain a safe 

temperature for the wearer.

Chemical Resistance Test

1.  Setup: The helmet is exposed to specific chemicals for a set period.

2.  Observation: The test checks for changes in color, brittleness, or degradation.

3.  Result: The helmet must retain its structural integrity and not release harmful substances.

Compliance and Certification Process

Manufacturers seeking ANSI Z89.1 certification typically follow these steps:

•  Design and Prototype Development: Engineers create a helmet that meets the standard’s performance 

criteria.

•  Laboratory Testing: An accredited testing laboratory conducts the required tests and documents results.

•  Documentation: The manufacturer compiles a technical file, including test reports, design specifications, and 

quality control procedures.

•  Certification Body Review: A recognized certification body reviews the documentation and may conduct an 

on �site audit.

•  Certification Issuance: Upon approval, the manufacturer receives an ANSI Z89.1 certification mark, allowing 

the helmet to carry the standard’s logo on its labeling.

For employers, verifying that helmets carry the ANSI Z89.1 certification mark is a quick way to confirm compliance.

However, it’s also essential to ensure that the specific model matches the hazards present in the workplace.

How to Choose the Right Helmet for Your Industrial Environment

Selecting the appropriate head protection device involves more than just checking a certification label. Consider the

following factors:

Hazard Assessment

•  Identify the types of hazards: falling objects, electrical arcs, thermal exposure, chemical spills.

•  Match helmet features to those hazards (e.g., conductive for electrical work, thermal for welding).

Comfort and Fit

A helmet that’s uncomfortable or poorly fitted can lead to improper use. Look for adjustable suspension systems,

breathable liners, and a snug fit that doesn’t shift during movement.

Compatibility with Other PPE



Many workers wear additional gear such as face shields, respirators, or hearing protection. Ensure the helmet’s

design accommodates these accessories without compromising protection.

Durability and Maintenance

Industrial helmets should withstand repeated use, cleaning, and environmental exposure. Check the material

quality, resistance to abrasion, and ease of maintenance.

Cost vs. Value

While cost is a factor, it should not override safety. Investing in a helmet that meets or exceeds ANSI Z89.1

standards is a long �term investment in workforce safety and productivity.

Common Misconceptions About ANSI Z89.1 Helmets
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