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In the complex world of vertical transportation engineering, safety is not merely a preference but a rigorous legal
and technical requirement. The cornerstone of this safety framework in North America is the ASME A17.1/CSA

B44 Safety Code for Elevators and Escalators. This standard, recognized globally for its depth and rigor, serves
as the primary technical blueprint for the design, construction, installation, operation, inspection, testing,
maintenance, alteration, and repair of elevators, escalators, moving walks, and related conveyances. As buildings
grow taller and more interconnected, understanding the nuances of the 2019 and 2022 revisions, as well as the
specialized requirements for existing installations (A17.3) and performance-based safety (A17.7), is critical for
engineers, facility managers, and safety inspectors.

1.The Evolution of Vertical Transportation Standards

The ASME A17.1 standard has been the industry benchmark for over a century. Its primary objective is to protect
life and limb while promoting public welfare. Since its inception, the code has transitioned from simple mechanical
guidelines to a highly complex document that integrates electrical engineering, software security, material science,
and seismic requirements. One of the most significant milestones in recent decades is the harmonization of the
American ASME A17.1 and the Canadian CSA B44standards. This alignment ensures that manufacturers can
produce equipment that meets a single, high-level safety standard across both jurisdictions, simplifying the supply
chain and ensuring uniform safety for passengers.

Comparison: ASME A17.1-2019 vs. ASME A17.1-2022

The progression of the code reflects advancements in technology and lessons learned from field data. The
following table highlights some of the major shifts between the two most recent versions of the code.



Feature/Requirement ASME A17.1-2019 (CSA B44:19) ASME A17.1-2022 (CSA B44:22)

Cybersecurity Limited focus on network isolation. Extensive requirements for connected
controllers and 10T security.

Emergency Communication Standardized voice and visual Enhanced requirements for two-way
messaging. video communication for the hearing
impaired.
Suspension Means Introduction of non-circular Refined safety factors and
elastomeric-coated steel belts. degradation monitoring for high-tech
belts.
Remote Interaction Basic guidelines for remote Strict protocols for remote software
diagnostics. updates and reset functions.

2. Core Technical Mechanics: Safety Factors and Material Strength

At the heart of elevator engineering are the mathematical models used to ensure mechanical integrity. The code
specifies rigorous safety factors that must be applied to suspension and driving systems. For instance, the selection
of belt sets or chain and sprocket setsis governed by specific ratios that account for potential wear, fatigue, and
sudden load changes.

Mathematical Safety Factors (FS)

The standard mandates a high threshold for breaking strength. A common requirement for certain suspension
components is a factor of safety of 10. This means the component must be capable of withstanding ten times the
maximum static load it is expected to carry. The formula for determining the minimum breaking strength of a
suspension member can be simplified as follows:

Minimum Breaking Strength = (Total Static Load x Safety Factor) / Number of Members
Where:

« Total Static Load: Includes the weight of the car, the rated capacity, and the weight of the ropes/belts.
o Safety Factor: Generally 10 for most standard traction applications.
* Number of Members: The individual ropes or belts supporting the load.

Adhering to these ratios prevents catastrophic failures even under extreme conditions, such as car over-speeding
or sudden emergency stops triggered by the safety gear (safeties).

3. Door Lock Monitoring (DLM): A Critical Safety Mandate

One of the most significant regulatory pushes in recent years involves Door Lock Monitoring (DLM). Historical
data indicated that a substantial portion of elevator accidents occurred when a car moved away from a floor with its
doors open due to faulty circuitry or bypassed safety strings. In response, jurisdictions like Florida and New York
City have implemented strict deadlines for DLM compliance based on the ASME A17.1-2010 (and later) standards.

The Functionality of DLM

DLM systems are designed to detect a "jumped" or bypassed car gate switch or hoistway door interlock. If the
system detects that the electrical circuit for the doors is closed while the doors are physically open, the elevator
controller must prevent the car from moving. This is achieved through:



1. Redundant Circuitry: Monitoring both the physical position of the door and the electrical state of the interlock.

2. Software Verification: The controller runs a diagnostic check during every stop to ensure that the door
contact logic is functioning correctly.

3. Automatic Cut-off: If a discrepancy is detected, the car is removed from service immediately until a manual
reset is performed by a qualified technician.

4. Performance-Based Safety Codes (ASME A17.7/CSA B44.7)

While ASME A17.1 is a prescriptive code (it tells you exactly how to build), ASME A17.7 is a performance-
based code. This standard allows for innovation by providing a framework to prove that a new technology is as
safe as, or safer than, the prescriptive requirements.

The Risk Assessment Process

To use ASME A17.7, manufacturers must undergo a rigorous Code Compliance Document (CCD)process, which
includes:

e Hazard Identification: Listing every potential failure mode for the new technology.

¢ Risk Analysis: Determining the probability and severity of each hazard.

e Mitigation Strategies: Implementing design features to reduce risks to acceptable levels.

¢ Independent Review: Certification by an Accredited Elevator/Escalator Certification Organization (AECO).

This path is essential for the introduction of technologies like machine-room-less (MRL) elevators or unique
alternative suspension means that don't fit the traditional rope-and-pulley mold.

5. Cybersecurity Requirements in the 2022 Revision

As elevators become part of the Internet of Things (I0T), they are vulnerable to digital threats. The ASME
A17.1-2022 update introduced formalized requirements for cybersecurity. This is no longer just an IT concern; it is
a physical safety concern. If a hacker gains access to an elevator controller, they could potentially manipulate car
movement or disable emergency systems.

Compliance Steps for Cybersecurity

The code now requires that any connection to an external network be secured through:

* Hardware-Based Isolation: Separating the safety-critical control systems from the public-facing internet or
building management systems (BMS).

< Encryption: All data transmitted for remote diagnostics must be encrypted.

e Access Control: Strict authentication protocols for any remote software updates or changes to operational
parameters.

6. Addressing Existing Installations: ASME A17.3

It is a common misconception that once an elevator is installed, it never needs to be updated to meet new codes.
While ASME A17.1 generally applies to new installations, ASME A17.3 (Safety Code for Existing Elevators and
Escalators)provides a minimum safety standard for older equipment. Local jurisdictions often adopt A17.3 to force
retroactive upgrades on aging infrastructure.

Common Retrofit Requirements

e Emergency Lighting and Communication: Upgrading old alarm bells to battery-backed intercom systems.
« Firefighters’ Service: Installing Phase | (recall) and Phase Il (in-car operation) systems in older buildings.



¢ Pit Safety: Adding pit ladders and stop switches where they were previously omitted.
* Unintended Car Movement (UCM) Protection: Retrofitting older machines with secondary braking systems to
prevent the car from drifting when doors are open.

7. Field Guide: Inspection and Maintenance Best Practices

Compliance with ASME A17.1 requires more than just correct installation; it requires a lifetime of Maintenance
Control Programs (MCP). The MCP is a site-specific document that outlines exactly how a particular elevator
must be maintained.

Maintenance Checklist for Technicians



Component Inspection Frequency Critical Safety Check

Brake System Monthly Check for lining wear and ensure the
brake can hold 125% of the rated load.

Door Interlocks Monthly Verify that the car cannot start if any
hoistway door is unlocked.

Governor and Safeties Annually/5-Year Perform a pull-through test and a full-
load overspeed test.

Suspension Ropes/Belts Semi-Annually Measure diameter reduction and look
for crown wire breaks or belt fraying.

8. Troubleshooting and Common Failure Modes

Understanding where things go wrong is vital for maintaining a high safety uptime. Below are common failure
modes and their technical solutions according to code standards.

Issue: Car Stall Between Floors

Potential Cause: Activation of a safety circuit due to a momentary loss of interlock contact.Solution:Investigate
door gib wear. If the door swings too much due to air pressure (stack effect), it can break the electrical contact even
if the door is closed. Replace worn gibs and adjust interlock rollers to the clearances specified in the manufacturer's
technical manual.

Issue: Sudden Emergency Stops (Safety Setting)

Potential Cause: Governor cable tension issues or debris in the safety jaw.Solution:Inspect the governor tension
sheath in the pit. Ensure the cable is not slipping. Verify that the safety linkage on the car top is lubricated and
moves freely without binding.

9.The Future of Code Compliance: IoT and Remote Monitoring

We are entering an era of Predictive Maintenance. Future revisions of ASME Al7.1 are expected to further
integrate the use of sensors and Al to predict failures before they occur. Instead of fixed-interval inspections, the
code may move toward "condition-based" inspections where the elevator's own data determines when a
component needs service.

This shift will rely heavily on the ASME A17.1 Handbook, which provides commentary and interpretations of the
code. The handbook is an invaluable resource for understanding the intentbehind the rules, especially when
dealing with complex new technologies like regenerative drives and destination dispatch systems.

The landscape of elevator safety is characterized by constant movement and technical refinement. By adhering to
the standards set forth in ASME A17.1, CSA B44, and Al17.3, the industry ensures that vertical transportation
remains one of the safest forms of travel in the world. Whether it is through the implementation of Door Lock
Monitoring to prevent movement with open doors, or the adoption of strict factor-of-safety calculations for
suspension belts, these codes provide the essential framework for engineering excellence. For the technical
professional, staying current with the 2022 revisions and the emerging cybersecurity mandates is not just a matter
of compliance—it is a commitment to the safety and reliability of the built environment. As cities continue to densify
and buildings climb higher, the rigorous application of these engineering principles will remain the bedrock of urban



mobility.
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