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The vertical transportation industry is governed by a complex web of safety standards designed to ensure the 

reliable movement of billions of passengers daily. At the heart of this regulatory framework in North America is the 

ASME A17.1/CSA B44 Safety Code for Elevators and Escalators. As buildings grow taller and more 

technologically advanced, the standards governing their conveyance systems must evolve in tandem. This article 

provides an exhaustive analysis of the ASME A17 standards, with a specific focus on Part 3 (Hydraulic Elevators)

, ASME A17.3 (Existing Elevators), and the specialized requirements for residential and electrical systems.

Understanding the ASME A17.1 Framework

The ASME A17.1 code is not a single static document but a comprehensive set of requirements that undergo 

triennial revisions. The latest edition, ASME A17.1-2022, introduces significant updates regarding cybersecurity,

emergency communication, and remote interaction. For engineers, architects, and building owners, understanding

the hierarchical structure of the code is essential for compliance and safety.

The code is divided into several parts, each targeting a specific technology or application:

•  Part 1: General – Defines the scope, definitions, and general requirements applicable to all equipment types.

•  Part 2: Electric Elevators – Focuses on traction-based systems utilizing cables and counterweights.

•  Part 3: Hydraulic Elevators – Covers systems driven by pressurized fluids.

•  Part 4: Other Driving Machines – Includes screw column and rack-and-pinion elevators.

•  Part 5: Special Application Elevators – Covers private residence elevators, shipboard elevators, and mine 

elevators.

Technical Analysis of Part 3: Hydraulic Elevators

Part 3 of ASME A17.1is dedicated to hydraulic elevators, which are primarily used in low-to-mid-rise buildings

(typically up to six stories). Unlike electric elevators that use traction and counterweights, hydraulic systems rely on

the incompressible nature of fluids to lift the elevator car.

Mechanical Components and Engineering Principles

The core of a hydraulic system is the Jack Assembly, consisting of a cylinder and a plunger. The engineering

principle is rooted in Pascal’s Law, which states that pressure applied to a confined fluid is transmitted

undiminished in all directions. The lifting force ($F$) can be calculated as:

F = P × A

Where:

P is the hydraulic pressure (typically measured in PSI).A is the cross-sectional area of the plunger.

ASME A17.1 Part 3 mandates strict specifications for the design of the cylinder and plunger to prevent catastrophic 

failure. This includes requirements for the Cylinder Head, the Bottom Clearances, and the Safety Bulkhead. A

critical safety feature required by modern codes is the double-bottom cylinder or the use of a safety bulkhead to

prevent rapid oil loss if the bottom of the cylinder fails due to corrosion.



Types of Hydraulic Systems Regulated under Part 3



System Type Description Typical Application

Direct-Acting The plunger is attached directly to the 
car frame. Usually requires a hole 
bored into the ground.

Low-rise buildings with high load 
requirements.

Holeless Hydraulic Uses telescopic plungers or side-
mounted cylinders. No underground 
boring required.

Buildings where soil conditions or 
environmental concerns prevent 
drilling.

Roped Hydraulic A combination of hydraulic power and 
ropes to move the car. The cylinder 
moves a sheave.

Mid-rise applications requiring higher 
travel speeds than standard hydraulic.

The Critical Role of ASME A17.3 for Existing Elevators

While A17.1 applies to new installations, ASME A17.3: Safety Code for Existing Elevators and Escalators 

serves a different purpose. It provides a baseline safety level for equipment that was installed under older versions 

of the code. Jurisdictions, such as Illinois and Virginia, often adopt A17.3 to force retroactive safety upgrades.

Retroactive Compliance and Deadlines

A primary example is the requirement for Door Restrictors and Firefighters' Service (Phase I and II). Many

jurisdictions set specific deadlines for these upgrades. For instance, the 2005 edition of ASME A17.3 had a

significant impact on older buildings, requiring that all conveyances be brought up to code by specific dates (often

Jan 1, 2014, in many local statutes).

Failure to comply with A17.3 can lead to the decommissioning of the unit by the Authority Having Jurisdiction (AHJ). 

Key retrofit areas include:

Emergency Lighting and Alarms: Ensuring passengers are not left in the dark during power failures.Unintended 

Car Movement (UCM) Protection: Preventing the car from moving away from the floor with the doors open.Pit 

Safety: Upgrading ladders and stop switches for technician safety.

Electrical Equipment and ASME A17.5/CSA B44.1

The electrical nervous system of an elevator is governed by ASME A17.5 (Elevator and Escalator Electrical 

Equipment). This standard ensures that controllers, motors, and wiring are designed to prevent fires and electrical

shocks. It is a harmonized standard between the US (ASME) and Canada (CSA).

Key technical focuses of A17.5 include:

Grounding and Bonding: Essential for preventing stray currents that could interfere with safety circuits.Enclosure 

Ratings: Ensuring that controllers in machine rooms are protected from dust and moisture.Component Listing:

All electrical components within the controller must be UL or CSA listed for their specific use.

Private Residence Elevators: Section 5.3 Requirements

Private residence elevators are subject to ASME A17.1 Section 5.3. These units are exempt from many of the

more stringent requirements of commercial elevators but have their own unique safety challenges, particularly

regarding the space between doors.

The "3-by-5" Rule and Recent Revisions



Historically, the gap between the hoistway door and the car door was a major safety concern. ASME updated 

Section 5.3 to address the risk of children being trapped in this space. The current standard requires:

The distance between the hoistway face of the hoistway door and the car door shall not exceed 4 inches (102 mm) 

for certain door types.

The 3-inch (75 mm) maximum distance from the hoistway face of the landing door to the edge of the landing sill.

Doors must be capable of withstanding a force of 150 poundswithout permanent deformation or displacement that

would allow a person to fall into the hoistway.

Comparison of Safety Codes: A17.1 vs. A17.3



Feature ASME A17.1 (New) ASME A17.3 (Existing)

Application Mandatory for all new installations 
and major alterations.

Minimum safety requirements for all 
existing units regardless of age.

Technological Scope Covers newest tech (PESSRAL, 
wireless, etc.).

Covers basic safety retrofits (fire 
service, lighting).

Frequency of Update Every 3 years. Variable (typically every 3-5 years).

Jurisdictional Adoption Adopted immediately by many states 
upon publication.

Often adopted with amendments and 
specific compliance dates.

Field Guide: Inspection and Troubleshooting Procedures

Maintaining compliance with ASME A17.1 requires rigorous periodic inspections. For hydraulic elevators (Part 3), 

the Pressure Test  is one of the most critical annual procedures.

Step-by-Step Hydraulic Pressure Test

1.  Preparation: Clear the elevator car of all passengers and debris. Set the controller to inspection mode.

2.  Static Pressure Measurement: Measure the pressure in the system with the car at rest. This is the baseline.

3.  Full Load Test: Place the rated load in the car and run it to the top floor. Monitor the pressure gauge for 

spikes or drops.

4.  Relief Valve Test: Block the flow to the cylinder and run the pump. The relief valve must open at no more than 

150% of the working pressure.

5.  Cylinder Leak Test: With the car at the top floor, shut off the supply valve. Observe the car for 15 minutes to 

check for "drifting," which indicates a leak in the cylinder or valves.

Common Failure Modes and Solutions

•  Issue: Excessive Vibration in Hydraulic Systems. Solution: Check for air entrainment in the hydraulic oil or 

check the muffler for clogs. Air in the oil can be bled at the top of the cylinder.

•  Issue: Traction Loss in Electric Elevators. Solution: Inspect rope grooves for wear (re-sheaving may be 

required) and ensure correct rope tensioning.

•  Issue: Door Interlock Failures. Solution: Clean contacts and check for mechanical alignment issues caused by 

building settlement.

Case Study: Modernizing a 1980s Hydraulic System

Consider a commercial building in Virginia with a hydraulic elevator installed in 1985. Under ASME A17.3and

current Virginia codes, the building owner was required to address several safety gaps. The 1980s unit lacked a

safety bulkhead and had an old single-bottom cylinder.

The Solution:

To bring the unit into compliance without a full replacement, the engineering team performed a Major Alteration 

under A17.1 Part 8. This involved:

1. 

Installing a Plunger Gripper: This device acts as a safety brake for hydraulic elevators, stopping the plunger if it 

detects uncontrolled downward movement.

2. Controller Upgrade: Replacing the relay-logic controller with a microprocessor-based system to include 



Firefighters' Service Phase I and II.

3. Door Operator Replacement:Installing a modern operator with high-resolution infrared light curtains to prevent

door strikes.

This case study illustrates how A17.1 and A17.3 work together to ensure that even decades-old technology can

meet modern safety expectations through targeted modernization.

Mathematical Models for Safety Factors

Safety factors are built into every aspect of the ASME A17.1 code. For example, the factor of safety for 

Suspension Ropesis calculated based on the ratio of the breaking strength of the ropes to the maximum static

load. The formula for the factor of safety ($f$) is:

f = (S × N) / W

Where:

S is the manufacturer's rated breaking strength of one rope.N is the number of ropes.Wis the maximum static load

(car weight + rated capacity).

For most passenger elevators, ASME A17.1 requires a factor of safety between 7 and 12, depending on the speed

of the car. This high margin ensures that even if several ropes were to fail or degrade, the system remains capable

of supporting the load.

The Impact of Local Statutes (Virginia and Illinois)

While ASME provides the national standard, enforcement is local. In Illinois, the Elevator Safety and Regulation Act

 mandates compliance with specific editions of A17.1 and A17.3. Similarly, the Virginia Uniform Statewide 

Building Code (USBC)incorporates ASME standards but may include specific amendments regarding inspection

frequency and inspector licensing.

Building owners must be aware of their local Administrative Code. For example, some jurisdictions require 

Category 5 testing(full load, full speed) every five years, while others may have different intervals. Documentation

and record-keeping are not just good practices; they are legal requirements under Part 8 of A17.1.

The landscape of elevator safety is governed by rigorous engineering standards that prioritize passenger safety 

above all else. From the specialized fluid dynamics of Part 3 Hydraulic Elevators to the stringent electrical 

requirements of ASME A17.5, every component of a conveyance system is scrutinized. For technical professionals,

staying abreast of the triennial updates to ASME A17.1 and the retroactive requirements of A17.3 is critical. As we

move further into the decade, the integration of digital twins, IoT-based predictive maintenance, and enhanced

cybersecurity protocols will continue to redefine what it means to be "code compliant." Ultimately, the synergy

between national standards and local enforcement ensures that the vertical transportation industry remains one of

the safest modes of travel in the world.
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