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Abstract

Fixed ladders are critical access systems in industrial facilities, yet
deficiencies in their design pose significant safety and regulatory
risks. This design project evaluated 19 external fixed ladders at a
biotechnology facility for compliance with applicable OSHA
requirements. Field inspections, dimensional measurements, and
photographic documentation were compared against OSHA fixed
ladder and fall protection standards. Widespread partial
compliance was 1dentified, with recurring deficiencies related to
ladder clearances, surface conditions, corrosion, and fall
protection. Project deliverables include the proposal of a
conservative internal fall-protection benchmark of 16 ft and a
contractor-ready scope of work for modification implementation.

Introduction

Fixed ladders provide routine access to rooftops, platforms, and
utility areas i1n industrial facilities and are integral to safe site
operations. These systems are subject to OSHA requirements and
pose significant fall risks if improperly designed or maintained.
This project addresses the need for systematic fixed ladder
compliance assessments as part of continuous improvement in
industrial safety management.

Background

Falls remain one of the leading causes of occupational injuries and
fatalities 1n 1ndustrial and construction environments. OSHA
regulations establish specific requirements for fixed ladder
geometry, clearances, surface conditions, and fall protection
systems. Recent regulatory changes have phased out ladder cages
as acceptable fall protection, shifting emphasis toward engineered
systems such as personal fall arrest systems (PFAS). These
evolving requirements highlight the importance of reassessing
existing ladder infrastructure.

Problem

An internal EHS audit identified potential compliance gaps in
several external fixed ladders at a biotechnology facility,
particularly related to outdated ladder cages and fall protection
provisions. While 1nitial findings focused on travel restraint and
cage systems, a broader engineering evaluation revealed additional
dimensional, structural, and access-related deficiencies. The
absence of a consolidated, ladder-specific compliance assessment
created uncertainty regarding regulatory exposure and worker
safety, motivating this design project.
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Methodology

Nineteen external fixed ladders were evaluated through
on-site Inspections using tape measurements, visual
assessments, photographic documentation, and OSHA.-
based checklists. Each ladder was assessed individually
against dimensional, clearance, surface condition,
structural integrity, and fall protection requirements
derived from OSHA 29 CFR 1910.23, 1910.28, 1910.29,
and 1926.1053. Ladder locations were mapped on site
blueprints to support spatial traceability.

Compliance classifications were defined as follows:
compliant ladders met all evaluated OSHA critena;
partially compliant ladders met a majority of requirements
(at least 8 of 15 evaluated criteria) but exhibited minor
deficiencies or 1mprovement opportunities; and non-
compliant ladders exhibited major deficiencies, including
but not limited to excessive pitch, absence of required fall
protection, significant corrosion, or dimensional non-
conformities that could not be corrected through minor
modification. A conservative internal fall-protection
benchmark of 16 ft was adopted. Contractor walkthroughs
were conducted to validate feasibility and develop a
contractor-ready scope of work.

Table 2: Awated Deficiency Counts

Compliance criterion L:;:;:E;:Tg;:ﬁ Could be improved
spacing Between Rungs 0 0
Width of Rungs 1 0
Perpendicular Clearance Behind Ladder 0
Width to nearest permanent object (sides) 3 0
Step-across Distance [0 access point 12 0
siude Rail Extensions over access level 3 0
Side Rail Flaring 3 0
Grab Bars present, extend 421" above access level and must not protrude B 2
Perpendicular Clearance on the Climbing 5i1de 2 0
Non-Slippery Rung Surtace or Textured Rungs 16 i
PFAS when required 1 2
Pitch 1 0
steps Onutted from access point 0 0
Hatch Ladder Clearances 0 0
Openings over 4' (Travel Restraint System) T 0
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Results and Discussion

Only one of the nineteen evaluated ladders was fully compliant
with all assessed OSHA criteria. Eleven ladders were classified as
partially compliant, while seven were non-compliant due to major
safety deficiencies. The most common 1ssues included inadequate
rung slip resistance, insufficient clearances, non-compliant step-
across distances, corrosion, and outdated ladder cage systems.

Several ladders exhibited notable non-compliance requiring
significant intervention. Ladder #24 (East Yard) failed both pitch
and rung width requirements, necessitating full replacement.
Ladders #40, #45, #46, #47, and #48, located 1n high-traffic roof
access areas, showed advanced corrosion and structural
degradation, rendering modification 1mpractical and justifying
replacement. Underground waste pit ladders (#28, #29, and #30)
presented compounded hazards due to confined space geometry
and clearance constraints, requiring engineered clearance
corrections and improved access guidance.

Adoption of an internal 16-ft fall-protection benchmark resulted in
additional personal fall arrest system recommendations beyond
OSHA minimums, reinforcing a proactive approach to fall risk
mitigation.

S & H
SLIPPERY B C D HEI FITCH E F G H 1 pEg |OPENIN GS

SESEEEEETR

Link — Main Roof .6

1

4.1'
16.00 N/A
#32 3.5 N/

10— Roof Building B 12.6 NIA NIA e
Comply Comply but could be improved A Spacing Between Rungs F Side Rail Extensions ovel
B f o

mmmmmmmmmmmmmmmmmmmm
dddddd

Criteria Requirement
Rungs, cleats and steps spacing [Drawing A) 10 N =147

Clear distance between the side rails (Drawing B) K2 16"

Rungs and steps [ Slipping) Corrugated

knurled

dimpled

coated with skid-resistant material
treated to minimize slipping

Perpendicular clearance

- between rungs, cleats and steps, and any
obstruction behind the ladder (Drawing C) eI 0"
- between the centerline of rungs, cleats and steps |2 30" [*X” could be = but = 24" provided that a
and any obstruction onthe climbing side of the ladder  |deflection device is installed to guide employees
(Drawing l) around the obstruction 7"
Width tothe nearest permanent object (Drawing D) "z 15" 14.5"
Ladder length of climb = 24' Fall Arrest System? YES Ladder Height: 24.1'

Lader Safety System?
"K" = 90" from the horizontal, as measured to the
Pitch backside of the ladder.
g

Through fixed ladders
- Point of access/egress step-across distance: K" = 7" but s 127, If“X" > 127, a landing platform is

[Drawing E} required.

X" 242" above the top of the access level or

- Side rails extensions (DrawingF) landing platform served by the ladder. 44"

- Steps or Rungs Omitted from the extensions

- Side Rails (Drawing G) Flared to provide "X = 247 but "X" = 30" 24"

42" above the access level or landing platform

- Grabbars {Drawing H) served by the ladder

Openswith sufficient clearance to provide easy
Hatch ladder access to or from the ladder [MSA)
Opens at least 70° from horizontal if the hatchis
counterbalanced [MFA)
Openingis 4 feet (1.2 m) or more above a lower
Openings level?

“Guardrail system”™

"Safety net system”

“Travel restraint system”
“Personal fall arrest system”

Fixed Ladder Systems: Improvement Proposal based on OSHA Compliance Findings

Conclusions

* A structured OSHA-based assessment revealed widespread
partial compliance and systemic ladder deficiencies.

* Most deficiencies were related to geometry, surface conditions,
and fall protection rather than i1solated damage.

* The removal of ladder cages and adoption of a conservative
fall-protection benchmark improved hazard 1dentification.

 The project successfully translated regulatory findings into
actionable engineering controls and implementation plans.

Future Work

* Expand evaluations to include ANSI and NIOSH guidance for
enhanced ladder safety criteria.

* Develop quantitative risk prioritization models incorporating
ladder usage frequency and environmental exposure.

* Conduct longitudinal studies to assess post-modification
incident and near-miss trends.

* Apply the methodology to other fixed access systems across
the facility.
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