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The vertical transportation industry is governed by some of the most stringent engineering standards in the world,
primarily centered around the ASME A17.1/CSA B44 Safety Code for Elevators and Escalators. As buildings
grow taller and architectural designs become more complex, the mechanical and electrical systems that facilitate
vertical movement must evolve to ensure passenger safety, operational efficiency, and technological resilience. This
article provides an in-depth technical analysis of the ASME A17.1/CSA B44 code, its accompanying handbook, and
the critical updates introduced in recent iterations, including the ground-breaking 2022 edition.

1.The Foundation of Vertical Transportation Safety

The ASME A17.1 (American Society of Mechanical Engineers) and CSA B44(Canadian Standards Association)
codes were harmonized to provide a unified standard across North America. This harmonization ensures that
manufacturers, installers, and maintenance personnel follow a consistent set of rules regardless of the jurisdiction.
The primary objective of the code is to establish safety requirements for the design, construction, installation,
operation, inspection, testing, maintenance, and repair of elevators, escalators, moving walks, and dumbwaiters.

1.1 The Role of the A17.1/B44 Handbook

While the Safety Code itself provides the mandatory requirements, the ASME A17.1/CSA B44 Handbook serves
as an essential companion for engineers and inspectors. The handbook does not just repeat the code; it provides
rationale, commentary, and illustrationsthat explain the engineering logic behind specific rules. For instance,
whereas the code might specify a minimum clearance for a hoistway, the handbook explains the safety margins
required to account for dynamic oscillation or seismic activity. Notable authors like Edward A. Donoghue and Kevin
L. Brinkman have contributed to these handbooks, ensuring that the complex technical language of the code is
accessible to field professionals.

2. Technical Evolution: From 2010 to 2022

The code is updated on a triennial cycle to reflect advancements in technology and changes in building practices.
Understanding the evolution of these versions is crucial for compliance and modernization projects.

2.1 ASME A17.1-2010: The MRL Revolution

The 2010 edition was pivotal for the formal integration of Machine-Room-Less (MRL)elevators. Before this, many
MRL installations required special variances from local authorities. The 2010 code established standardized safety
parameters for locating the driving machine, governor, and control equipment within the hoistway, rather than in a
dedicated machine room.

2.2 ASME A17.1-2016: Non-Steel Suspension Means

A significant shift occurred in 2016 regarding suspension means. Traditionally, elevators relied on steel wire ropes.
The 2016 code expanded requirements for non-circular elastomeric-coated steel belts and other alternative
suspension systems. It also introduced more detailed requirements for Electronic Safety Devices(ESD) used in



lieu of mechanical safety components.

2.3 ASME A17.1-2019: Emergency Communications

The 2019 update focused heavily on passenger accessibility and safety. It introduced requirements for two-way
emergency communicationsthat allow for both visual and text-based interactions. This was designed to assist
passengers with hearing or speech impairments during an entrapment, ensuring that the elevator remains
compliant with the Americans with Disabilities Act (ADA).

2.4 ASME A17.1-2022: The Digital Frontier

The most recent edition, ASME A17.1-2022, introduces a monumental shift by addressing cybersecurity. As
elevators become increasingly connected to building management systems (BMS) and the Internet of Things (loT),
they become vulnerable to cyber-attacks. The 2022 code mandates that control systems be protected against
unauthorized access that could compromise safety functions.

3. Comparative Analysis of Code Editions

The following table outlines the primary differences and focus areas of the most recent code cycles, highlighting the
progression of safety engineering.



Feature/Requirement

Suspension Systems

Emergency Comm.

Cybersecurity

Door Protection

Remote Monitoring

ASME A17.1-2016

Expanded criteria for
carbon fiber and coated
belts.

Standard voice
communication.

Not formally addressed.

Standard light curtains.

Allowed but not strictly
regulated.

ASME A17.1-2019

Updated inspection criteria
for high-strength fibers.

Required video and text for
hearing impaired.

Minimal mentions in
software safety.

Enhanced detection for
objects and children.

Increased focus on remote
diagnostics.

4. Core Engineering Mechanics and Safety Systems

ASME A17.1-2022

New requirements for
monitoring suspension
integrity.

Enhanced data encryption
for comm links.

Comprehensive
requirements (Part 8.12).

Standardized detection
logic for power doors.

Standardized protocols for
remote safety resets.

To understand the depth of the ASME A17.1 code, one must analyze the mechanical and electrical subsystems it
regulates. The code focuses on the redundancy and fail-safe nature of these components.

4.1 Governor and Safety Gear Mechanisms

The governor is the primary mechanical speed-sensing device. If an elevator exceeds its rated speed by a specific
percentage (typically 115% to 125%), the governor trips. This action triggers the Safety Gear (or "Safeties")
located on the car frame.

Type A Safeties: Instantaneous safeties used for low-speed elevators. They stop the car through a rapid
mechanical wedging action.

Type B Safeties:Gradual or sliding safeties used for high-speed elevators. They apply a constant braking force,
ensuring the deceleration rate does not exceed 1.0g (9.8 m/s?), which protects passengers from internal injuries
during a stop.

4.2 Braking System Redundancy

Modern codes require dual-redundant braking systems. In the event of a single component failure, the
secondary brake must be capable of holding a car loaded to 125% of its rated capacity. This is critical for preventing
"unintended car movement" (UCM) when the doors are open at a floor.

4.3 Kinetic Energy and Door Safety

The code strictly limits the kinetic energy of closing doors to prevent injury. The formula used for calculating kinetic
energy (EK) in elevator doors is:
E<sub>k</sub> =% mvz2

m is the mass of th&/kde and vis the velocity. The code limits the kinetic energy to 10 Joules (7.37 ft-b) for
doors with a reopening device, and significantly lower if the device is rendered inoperative.

5. Cybersecurity in the 2022 Edition: A Technical Deep Dive



With the release of ASME A17.1-2022, the industry has officially entered the era of Cyber-Physical Systems
(CPS). Cybersecurity is no longer an IT concern; it is a life-safety requirement.

5.1 Scope of Protection

The new requirements target Safety-Critical Circuits. This includes any software or network connection that can
influence the operation of the brake, the motor, or the door interlocks. Manufacturers must now ensure that:

Access Control: All remote access points require multi-factor authentication.

Encryption: Data transmitted between the elevator controller and the cloud must be encrypted to AES-256
standards or equivalent.

Integrity Monitoring:The system must be able to detect if its firmware has been tampered with and, if so, enter a
safe-state (shutdown).

5.2 Software Safety Integrity Levels (SIL)

Borrowing from international standards like IEC 61508, the A17.1 code increasingly utilizes SIL ratings. For
software-based safety functions, the code requires specific SIL levels (typically SIL 3) to ensure that the probability
of a dangerous failure per hour is extremely low (between 10 { x and 10 { w).

6. Maintenance, Repair, and Testing (Part 8)

The safety of an elevator is not determined solely at the time of installation. Section 8.60f the ASME Al17.1 code
outlines the mandatory Maintenance Control Program (MCP). The MCP is a comprehensive document tailored to
each specific elevator unit, detailing the frequency and type of maintenance required based on usage and
environmental factors.

6.1 Mandatory Testing Cycles

e Category 1 Testing: Performed annually. Includes basic functional tests of the safety circuits, oil buffers, and
firefighters' service.

e Category 3 Testing: Specifically for hydraulic elevators, involving pressure tests on the cylinder and piping.

e Category 5 Testing: Performed every five years. This is a full-load, full-speed test of the safety gear and
buffers. It is the most rigorous test and is designed to ensure the structural and mechanical integrity of the entire
system under worst-case scenarios.

6.2 Documentation and Logbooks

The code mandates that a written or electronic log of all maintenance, repairs, and alterations be kept on-site. This
documentation is the first thing an AHJ (Authority Having Jurisdiction) will review in the event of an accident or a
routine inspection.

7. Escalator and Moving Walk Safety

While elevators receive much of the focus, Part 6of the A17.1 code deals exclusively with escalators and moving
walks. These systems present unique risks, such as entrapment at the "comb-plate" or between the skirt and the
step.

7.1 Skirt Deflectors and Sensors

Modern escalators must be equipped with skirt brushes (deflectors) to keep feet and clothing away from the gap.
Additionally, skirt obstruction switchesare required to stop the escalator if an object becomes lodged between
the step and the side panel.



7.2 Overspeed and Reversal Protection

Escalators are equipped with mechanical and electrical devices to prevent the unit from accelerating uncontrollably
or reversing direction accidentally. A non-reversal deviceis mandatory to prevent a loaded escalator from moving
backward due to gravity if the drive chain fails.

8. Implementation Field Guide: Ensuring Compliance

For building owners and facility managers, staying compliant with ASME A17.1 requires a proactive approach. The
following checklist serves as a high-level guide for operational compliance:

« Verify Version Adoption: Determine which edition of ASME A17.1 has been adopted by your local state or city.
There is often a lag between the publication of the code and its adoption as law.

¢ Audit the MCP: Ensure your elevator service provider has a unit-specific Maintenance Control Program.
Generic checklists are often non-compliant.

« Modernize for Safety: Even if your elevators are not legally required to meet the 2022 code, consider
modernizing the communication systems (2019 code) and cybersecurity (2022 code) to reduce liability.

e Fire Service Testing: Conduct monthly Phase | and Phase Il Fire Service tests. Failure of these systems is
one of the most common citations during annual inspections.

9. Troubleshooting Common Code Deficiencies

Frequent violations cited by inspectors often involve the Machine Room environment and Emergency Operations
. Common issues include:

9.1 Machine Room Conditions

The code requires that machine rooms be kept clear of any equipment not related to the elevator. Using a machine
room for general storage is a direct violation. Furthermore, the HVAC systemsmust be capable of maintaining the
temperature within the range specified by the controller manufacturer to prevent electronic failures.

9.2 Sump Pump and Pit Safety

In jurisdictions that follow the latest A17.1 versions, the elevator pit must be equipped with a sump pump or drain. If
the elevator is on emergency power, the sump pump must also be on emergency power to prevent the pit from
flooding, which could short out the traveling cables or the lower limit switches.

10. Future Implications for the Vertical Transportation Industry

As we look toward the future, the ASME A17.1 code will likely continue to integrate with global standards such as
ISO 8100. This move toward global convergence will facilitate easier trade for manufacturers but will require local
technicians to be familiar with international engineering conventions. The rise of Pre-engineered Elevators and
Modular Constructionwill also necessitate new sections in the code regarding structural interfaces and off-site
assembly quality control.

The introduction of Artificial Intelligence (Al)in dispatching and predictive maintenance is already being
discussed for future code cycles. Al-driven systems could potentially predict component failure before it happens,
but the code will need to define how much autonomy these systems have over safety-critical operations. The
balance between innovation and the "fail-safe" philosophy remains the central challenge for the ASME and CSA
committees.

In conclusion, the ASME A17.1/CSA B44 Safety Code and its accompanying Handbookrepresent a monumental



achievement in engineering safety. By providing both the legal requirements and the technical rationale, these
documents ensure that the millions of people who rely on vertical transportation every day can do so with
confidence. For the technical professional, staying current with these codes is not just a matter of legal compliance;
it is a commitment to the highest standards of engineering excellence and public safety.
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