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Forward

The primary goal of the Louisiana Department of Transportation and Development (DOTD) Movable
Bridge Inspection Program is to ensure the safety of the traveling public. This manual outlines the
procedures for inspecting publicly owned, operated, or maivgdi movable bridges carrying public
traffic, as mandated by Louisiana Revised Statute 48:35 and 23 CFR 650.301Natidimal Bridge
Inspection Standard®\BIS). Additionally, it aligns with Section 1111 of the Moving Ahead for Progress in
the 21st Centwy Act (MAP21), requiring states to report bridge elemelatvel data to the Federal
Highway Administration (FHWA) for all highway bridges on the National Highway System (NHS).

This document provides a clear, sequential guide for inspectors, emphasizing consistency across
intergovernmental agencies, the bridge engineering community, and bridge owners. It replaces the
LADOTD Movable Bridge Inspectors Progaachcomplements the following references:

- LADOTIBridge Inspection Manu&024 Edition (LADOTD BIM)

-  LADOTIroding and FielGuide

- LADOTIMPolicies and Guidelines for Bridge Rating and Evaluation

- FHWA23 Metrics for the Oversight of the NBIP

- FHWA NAR3IS LyalLlSOiz2zNna wSTSNByOS al ydz f

- FHWASpecifications for the National Bridge Invent(@NBI)

- FHWAFederal Aid Ofystem Highway Bridge Program Guidelines

- All relevant EDSMs and other references outlined in this document

- AASHTOMovable Bridge Inspection, Evaluation, and Maintenance Manu4l,Edition
(AASHTO MBI)

- AASHTGOhe Manual for Bridge Evaluatiori¢ Bdition(AASHTO MBE)

- NFPA 7ONational Electrical Cod®&EC)
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Chapter 1
Bridge Inspection Principles and Overview

1.1 INTRODUCTION

This manual outlines the organization, administration, and operational procedures of DOTD Movable
Bridge Inspectins. It provides a systematic approach to inspecting movable bridge structures on, under,
or over public highways, streets, and waterways, prioritizing public safety and infrastructure preservation.
Inspecting movable bridges requires more preparation thaedibridges, as it involves evaluating
structural, mechanical, electrical, and architectural components.

1.2 ACRONYMS

The following is an alphabetically ordered list of acronyms used in this manual:

AC Alternating Current
ADE Agency Defined Elements
AGMA American Gear Manufacturers Association
ANSI American National Standdrdstitute
ATS Automatic Transfer Switch
BIM LADOTBridge Inspection Manual
BIRM FHWABridge Inspector's Reference Manual
BITC Bridge Inspection Team Coordinator
CCTV Closed Circuit Television
CFR Code of Federal Regulations
CPU Central Processing Unit
CS Condition State
DC Direct Current
DOTD Louisiana Department of Transportation and Development
FHWA Federal Highway Administration
FRP Fiber Reinforced Polymer
GFCI Ground Fault Circuit Interrupter
GRC Galvanized Rigid Conduit
HID High Intensity Discharge
HPS High Pressure Sodium
HPU Hydraulic Power Unit
HVAC Heating, Ventilation, and Air Conditioning
I.D. Inner Diameter
Table of Contents 19
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ISO International Organization for Standardization

LED Light Emitting Diode

LFMC Liquid Tight Flexible Metallic Conduit

LPS Low Pressure Sodium

LRFD Load and Resistance Factor Design

MBE AASHT®lanual for Bridge Evaluation

MBI AASHT®lovable Bridge Inspection Manual

MCC Motor Control Center

MH Metal Halide

MTS Manual Transfer SwitonMaintenance Testing Specificatidius Electrical
Power Equipment and Systgms

MUTCD FHWAVianual on Uniform Traffic Control Devices for Streets and Highwi

MV Mercury Vapor

NCHRP National Cooperative Highway Research Program

NDE NonDestructive Evaluation

NEC National Electric Cod®&FPA 70)

NETA InternationaElectrical Testing Association

NFPA National Fire Protectigkssociation

NHI National Highway Institute

NOAA National Oceanic and Atmospheric Administration

NSTM NonRedundant Steel Tension Menm(i@merlyfracture critical member)

0O.D. Outer Diameter

PCB Printed Circuit Board

PFD Personal Flotation Device

PLC Programmablé.ogicControler

PPE Personal Protective Equipment

PSC PreStressed Concrete

PTE Polytetrafluorethylene

PVC Poly Vinyl Chloride

RAC Rigid Aluminum Conduit

RC Reinforced Concrete

RGt Runningnd Sliding F{tvhere the number dictates fit tolerance)

RMS Root Mean Square

SNBI Specifications for the National Bridge Inventory

SPD Surge Protective Device

TAN Total Acid Number

TEFC Totally Enclosed Fan Cooled

TENV Totally Enclosed Non Ventilated

UPS UninterrupablePower Supply

USCG United States Coast Guard
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uT Ultrasonic Testing
VFD Variable Frequency Drive

1.3 PROCEDURES AND REQUIREMENTS

1.3.1 Types of Inspections

The primary inspection types fonovable bridgesre routing in-depth, andNSTM each with varying
intensity. Initial inspections of new or rehabilitated movable bridges should be conducted atlaptim
level due to potential adjustment or break issues.See Chapter 4 of the LADOTD BIM ftother

information on the various inspection typasd their requirements

1.3.2 Qualifications

Movable bridge inspections require a coordinated team of structural, mechanical, hydraulic, and electrical
inspectors, each meeting 23 CFR 650, AASHTO MBE, and AASHTO MBI requirements. The inspection team
leader must have at least three years of movablieldpe design, inspection, or maintenance experience.

Lead inspectors for mechanical, hydraulic, and electrical disciplines require similar experience within their
expertise.See LADOTD BIM Section 1.6 for structural inspector qualifications.

If qualifications are experiendaased rather than engineering certification, inspectors must complete a
comprehensive training course covering AASHTO MBE, MUTCD, and AASHTO MBI. A National Fluid Power
Association certification may substitute for four ysasf hydraulic engineering experience. Inspectors
covering multiple disciplines must have at least two years of movable bsigeeific experience per
discipline.

1.3.3 Safety

Safety protocols for movable bridge inspections address three levels:

1 Regulatory Compliance: Adhere to rules ensuring a safe workplace.

1 Hazard Assessment: Identify and mitigate risks specific to each structure.

1 Emergency Preparedness: Trgmersonnel and establish response capabilities to minimize
impactsshould an accident or unplanned event occur

MechanicalSafety

Mechanical inspections pose unigue risks. Components, spans, and nearby machinery must be locked and
tagged out during inspection (see Sectdn3.4and 4.5. Access to mechanical elements may require
specialized equipment and training. Inspectors must develop an access and safety plan, stay clear of
rotating machinery, pinch points, and falling objects, and establish clear communication protocols with
bridgeoperators.
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ElectricalSafety

In addition to following standards dictated by NFPA 70E, ANSI, and OSHA, there are some basic, general
safety practices that inspectors can undertake to prevent accidents due to human error. The following are
some practices you can do when around electrimanponents.

1 Be aware of your surroundings. Observe all points of contact around you and maintain proper
clearances to prevent accidental contact.

1 Enclosures may have multiple conductors, each with their own power source coming from
separate places. Disabling power from one point in the circuit may not disable all power in an
enclosure that receives power from multiple sources.

1 Always stay focused when inspecting or servicing components. You may find other personnel
want to engage in conversation or do other actions that distract you from your task at hand. Losing
focus can make you become complacent and forget safety proced@tdhe very least it can
cause you to make simple mistakes like forgetting to flip a disconnect switch back on after turning
it off to inspect it.

T LT @&2dzQNB dzy & dzNBnergiFed diwayd 2eNfyNantchiAdi voltage teBt&'s are an
easy, cheap, and convenient way to tell you if a circuit is energidedys test nofcontact
voltage testers by placinghem near areceptacle or energized wire and confirming the
audible/visual indication before checking a presumably deenergized circuit.

Electrical hazards can come in different forms. The basic forms of electrical hazards include electrical
shocks, fires, and arc flashes. Electrical systems are designed to control the flow of electrical energy in an
intended path from the source through conductors, protective devices, and switching devices and then
ultimately to the load where the energy is used. When electricity does not flow through the intended
path, it will present a risk of injury or death to personnel andtiyodamage to equipmenContributing

factors to this danger are faulty wiring, corrosion, insulation damage, loose connections, missing or
damaged grounding conductor, water, and actions of untrained personnel, e.g., contact of personnel with
energized conductors, terminals, ougbars.

Skin burns may occur even from properly loaded and properly operating circuitsnductors and
terminals are commonly designed to allow for electrical heating up t€ 7867F). According to the ASTM
C1055Hn G{ GFYyRFNR DdzARS F¥2NJ I SFGSR {2aidSyY {daNFI OS
high temperature metal surfaces, third degree burning of the skin may occur instantaneously upon
contact with the surface.

Shock

An electric shock is a source of possible injury or damage to health associated with current through the
body caused by contact or approach to exposed energized electrical conductors or circuit parts. The more
current in an electric shock, the more likdtlys lethal to personnel. Currents as low as 30 mA can cause
ventricular fibrillation and death; these currents are readily available even on the smallest 120V circuits.
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Shock protection consists of rubber insulating gloves with leather protectors and should be worn where
there is a danger of hand injury from electric shock due to contact with energized electrical conductors or
circuit parts. Rubber insulating gloves mhbstrated for the voltage for which the gloves will be exposed.
Shock protection approach boundaries and further information can be fouhdFPA 70E30.4.

To reduce the hazard of injury, NEC (NFPA 70 110.26) requires electrical enclosures to have a minimum
clear workspace around electrical enclosures. In the most common installations encountered on Louisiana
bridges, 42 to 48 inches in front of the enclossh®uld be free of any obstructions or stored items. Any
installation that does not meet this requirement should be noted as a deficiency.

DETAIL | NOTES:

I. REFER TO NATIONAL ELECTRICAL CODE SECTION |10.26
"SPACES ABOUT ELECTRICAL EQUIPMENT".

2. DEDICATED ELECTRICAL SPACE SHALL BE EQUAL TO THE
WIDTH (W) AND DEPTH (D) OF THE ELECTRICAL EQUIPMENT,
EXTENDING FROM STANDING GRADE TO A HEIGHT OF &'
(MAX.) ABOVE THE ELECTRICAL EQUIPMENT OR TO THE

0 STRUCTURAL CEILING, AND SHALL NOT CONTAIN ANY
. - EQUIPMENT FOREIGN TO THE ELECTRICAL INSTALLATION.
W _-— 7| 3. WIDTH OF CLEAR WORKING SPACE SHALL BE 30" (MIN.) OR EXTEND
- P | TO THE WIDTH OF ELECTRICAL EQUIPMENT, WHICHEVER IS GREATER.
i T | 4. HEIGHT OF CLEAR WORKING SPACE SHALL BE 6%’ (MIN.) OR EXTEND
' ! i TO THE HEIGHT OF ELECTRICAL EQUIPMENT, WHICHEVER IS GREATER.
| | | 5. WORKING SPACE SHALL NOT CONTAIN ANY OBSTRUCTIONS,
N | DEDICATED INCLUDING CONDUITS.
w, | ELES%L%IECAL | 6. RULES SHALL APPLY TO ANY AND ALL ACCESSIBLE SIDES.
w
Sie | (SEE NOTE 2) i* 42" I
w Tt — — — — = |
LU'vJ! : ,lr-» -7 _ L TABLE 110.26(A)1) IN PART:
- - | MIN. CLEARING DISTANCE
r 1 S~ . L-N_VO | ND3
| | 0-150 3 3
| , 151-600 35 4
<
| “.L‘l CONDI: SEE NEC
cQUIP | Sl gy, COND2: EXPOSED LIVE PARTS ON
QICA- | CLEAR z 572 ONE SIDE AND GROUNDED PARTS
LeCT € WORKING w! ON THE OTHER SIDE. CONCRETE,
gSSIBY [ SPACE el BRICK, OR TILE SHALL BE
rCETIoE | (SEE NOTE 5) | CONSIDERED AS GROUNDED.
COND3: EXPOSED LIVE PARTS ON
| | BOTH SIDES
| ¥
\ —~—\ . A
. anl see N LT WORKING SPACE

REQUIREMENTS FOR FREE WORK SPACES ABOUT ELECTRICAL ENCLOSURES

THIS APPLIES TO DISCONNECTS, SWITCHBOARD, CONTROL DESK, JUNCTION BOXES,
AND ANY OTHER EQUIPMENT THAT NEC REQUIRES ELECTRICAL WORK SPACE

Figure 11: NEC Workspace around electrical enclosures.

Fire can be caused by overloaded components, faulty wiring, or poorly maintained, deteriorating, and
improperly installed electrical components. Anywhere a fault occurs, an electrical fire can happen,
especially around flammable materials. Evidence ofificdudes burn and scorch marks, and damaged
wiring and components.
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Fire will cause failure of barriers and insulators in electrical systems and lead to the complete failure of
the system. Fire can also produce hazards to personnel including heat and smoke. Hazards to personnel
may exist after the fire is no longer burnirgpme examples include weakening of the floor, walls, ceiling,

or ladder and access structures.

Figurel-2: Evidence of a fire inside a traffic barrier gate, note the scorch marks and melted components.

Arc Flash

Electricaafetymandated by OSHA requires arc flasisessments accordance wittNFPA 70E 130t
be updatedevery five yearsr upon major modifications

An arc flash is the light and heat produced as part of an arc fault, a type of electrical explosion or discharge
that results from a lowesistance connection through air to ground or another voltage phase in an
electrical system. In the event of an arasth, the amount of thermal energy impressed on a surface at a
certain distance from the source is called incident energy and is typically expressed in calories per square
centimeter (cal/cnd). Following the heat and light of an arc flash is an arc blastpfessure wave of an

arc blast can knock a person to the ground and turn equipment, tools, machinery, and debris into shrapnel
which can cause additional damage or injury. Molten or vaporized metal can also be part of the arc blast
explosion.

The probability of an arc flash event occurring is increased by:

T t SNF2N¥Ay3a GK2(G¢ O0SYSNHAT SRO ¢2N)l X FlLAfAy3a G2
9 Disregarding lockout tagout procedures
1 Insufficient qualifications and training of the persondeing work
1 Age and condition of equipment
Table of Contents 24

Appendix



DQTD Louisiana Department of Transportation and Development
P

LOUISIANA DEPA

TRANSPORTATION & DEVELOPMENT Movable Brldge InSpeCtion Manual

9 Lack of proper tools and PPE

Touching a probe or tool to the wrong point, loose connections, insulation failure, dust, corrosion, all can
set the foundation for an arc flash incident. Arc flashes can even occur while opening doors to enclosures.
Loose, unsecure equipment may be disted by opening a door, causing metal objects to fall onto bus
bars, unsecured and uninsulated wires contact each other, or some other unforeseen incident.

An arc flash assessment is performed to calculate arc flash information about an electrical system and its
components. NFPA 70E 130.5(D) requires specific information on the level of arc flash hazard to be marked
on the equipment when an arc flash hazartlysis has been performed. At a minimum, the label needs

to include at least three items:

1. Nominal System voltage
2. Arc flash boundary
3. At least one of the following:
a. Available incident energy and the corresponding working distance, or the arc flash PPE

category in NEC 70E Table 130.7(C)(15)(A)(b) or Table 130.7(C)(15)(B) for the equipment
(but not both).

b. Minimum arc rating of clothing
c. Sitespecific level of PPE

Below is an example of an arc flash label:

A WARNING

Arc Flash and Shock Risk
Appropriate PPE Required
Incident Energy 4.93 cal/em”2
Working Distance 18 in
Arc Flash Hazard Boundary 44 in
Nominal System Voltage 240 VAC
Limited Approach Boundary 421in
Restricted Approach Boundary 12in

Changes to equipment settings or configuration invalidates Incident Energy
value in this Arc Flash calculation. Refer to NFPA 70E for PPE
requirements.

Equip. Name: Transfer Switch (Emergency) ' 'I 'I H&H
M

Date: 10/2/23

Figure 13: Arc flash label
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1 Incident Energy: The amount of thermal energy impressed on a surface at a certain distance from
the source and is typically expressed in calories per square centimeter (§aNfFRA 70E Article
100 Definitions

1 Working Distance: The set value within the arc flash calculation from which the incident energy
and boundary values are calculated.

9 Arc Flash Hazard Boundary: Describes a distance from a prospective arc source within which a
person could receive a secowl@gree burn were an arc flash to occtti-PA 70E Article 100
Definitions

1 Nominal System Voltage: The nominal value assigned to a circuit or system for the purpose of
conveniently designating its voltage claN§PA 70E Article 100 Definitions

9 Limited Approach Boundary: An approach limit at a distance from an exposed energized electrical
conductor or circuit part within which a shock hazard exiStSPA 70E Article 100 Definitions

1 Restricted Approach Boundary: An approach limit at a distance from an exposed energized
electrical conductor or circuit part within which there is an increased likelihood of electric shock,
due to electrical arover combined with inadvertent movement, fpersonnel working in close
proximity to the energized electrical conductor or circuit p&fEPA 70E Article 100 Definitions

1 Equipment Name: The piece of equipment that the label is designated for, this can be a disconnect
switch, junction box, or other places where electrical equipment is found.

9 Date: The date that the arc flash calculation was performed.

An arc flash label present on the exterior of an enclosure represents a potential danger to personnel. Any
work done inside of an enclosure with an arc flash label should have that associated component disabled
and isolated from upstream power if possiblRefer to Section 4.3 Isolating
Equipmentfor the process of isolating equipment. Working on live components that are at risk of arc flash
incidents requires PPE. Referttelow PPE sectioand associated NPA70E for PPEtandards

If no arc flash label is present, the electrical box may not be opened. Deenergize all sources and follow
lockout tagout procedures before attempting work.

Personal Protective Equipment (PPE)

Inspectors must wear PPE, including hard hats, ANSI Class |IAidighy vests, safety boots, eye
protection, hearing protection, gloves, respirators, personal flotation devices, and fall protection, as
required

Personal protective equipment (PPE) are protective articles of clothing worn to protect the wearer from
electric shocks and arc flash hazards. Arc flash labeling on components informs personnel of the PPE
required to work on a live componenElectrical inspectors require additional PPE per NFPA 70E Table
130.7(C)(15)(c), including:

1 ASTM D12®Rubber Gloves.
9 Electrical hazard ASTM safety toe boots.

91 Arc Flash face shield where an Arc Flash danger exists.
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1 Long sleeve/pants made from natural nrarelting fibers such as cotton should be worn. When
there is an arc flash danger, arc flash rated outer layers must be worn. Cotton is not inherently
flame resistant, but it is a better choice than polyester and nybith can melt to the skin.

1.3.4 LockoufTagout

Guidancdor properlockout/tagoutprocedures is found iNFPA 70E 12Q.2

The purpose of lockottagout procedures is to establish an electrically safe work condition by clearly
identifying and documenting the act of @ergizing components while maintenance is performed. The
process of lockoutagout procedures involves safedfutting off components and preventing their-re
enabling until works completed.The proceduremakes a portion of an electrical system safe for work
through switching off @ upstreamdevice (deenergizing) and placing a lock on an operating handle with
atag indicating that work is being performed. This will prevent another individual from turning the device
on while personnel are working on the systdatectrical boxes and devices may have multiple sources of
power which need to be identified and locked out tagged out.

Figure 14: Lockouttagout device on electrical equipment

1.3.5 Records

Movable bridge records, per AASHTO MBI 2.7.1, mirror those for fixed brifigesChapter 2 of the
LADOTD BIM for furthénformation.

Keeping accurate records of all maintenance activities is crucial to a successful preventative maintenance
program. Records should document the date of maintenance, and any corrective measures taken.
Maintenance forms should take the form of checklistsigiesd for specific structural, mechanical, and
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electrical components. However, sketches, diagrams, and photographs as required should be
incorporated to adequately describe the conditions found. In doing so, a history of maintenance problems
can be established for the bridge. This will show adverselidon progression over time by comparing
past and present records. The numbering and terminology used in completing the forms should be
consistent with the bridge plans, inspection reports, and previous maintenance records.

Maintenance records should be concise while describing thoroughly the condition and work performed.
When complex repairs or major rehabilitations are performed, the record plan set should be updated to
reflect the repairs either by revision to the plancinding identifying the revision number and date in the
title block and a brief note where the revision occurs in the plans, or by use of supplemental sheets.

1.3.6 Numbering

Assign identifying numbers or letters to components during inspections, maintaining consistency with
bridge plans and prior reportSeeSection 4.1.3 of the LADOTD BIM for further information.

1.3.7 Rating System

Bridge element condition ratings guide replacement priorities, maintenance planning, and structural
evaluations. Pethe SNB|components (e.g., deck, superstructure, substructure) receive ratings from 0
(failed) to 9 (excellent). Elements (e.g., girders, truss members) are rated in Condition Stat€&xSA}S1
with CS1 indicating good condition and CS4 requiring structural rellieaument CS3/CS4 elements with
photographs, measurements, and locations.

Table 11 shows the codes, conditions, and description from SNBI for component condition rating. A
complete list of components to be rated can be found in SNBI Section 7.1. A complete list of bridge
elements to be rated can be found in SNBI B2dge elements are identified by element numbers that
can be found in FHW&NHI Publication No. 1639.

Mechanical and Electrictems will be codedunder the appropriateMovable BridgeElements MBES)

which are Agency Defined ElemeiiDE). The full list oMBES can be foundn Appendix AMovable

bridge elements may overlap disciplines (e.g., motors inspected by mechanical and electrical inspectors),
necessitating mulidisciplinary evaluations.
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Table 11: SNBI Table 2@odes and descriptions for component condition ratings.

Code | Condition Description

N NOT APPLICABLE | Component does not exist.

9 EXCELLENT Isolated inherent defects.

8 VERY GOOD Some inherent defects.

7 GOOD Some minor defects.

6 SATISFACTORY | Widespread minor or isolated moderate defects.

5 FAIR Some moderate defects; strength and performance of the
component are not affected.

4 POOR Widespread moderate or isolated major defects; strength and/o
performance of component is affected.

SERIOUS Major defects; strength and/performance of the component is

3 seriously affected. Condition typically necessitates more frequel

monitoring, load restrictions, and/or corrective actions.
CRITICAL Major defects; component is severely compromised. Condition

5 typically necessitates frequent monitoring, significant load
restrictions, and/or corrective actions in order to keep the bridge
open.

1 IMMINENT FAILUR| Bridge is closed to traffic due to component condition. Repair or]
rehabilitation may return the bridge to service.

0 FAILED Bridge is closed due to component condition, and is beyond
corrective action. Replacement is required to restore service.

1.3.8 Reports

The purpose of an inspection report is to record and present in a consistent and logical fashion the findings
resulting from field work necessary to:

1 Evaluate the physical condition of the structure and its components.

1 Evaluate the performance of the bridge functional systems.

1 Prioritize maintenance and repair needs for distributing budgeteti$ and personnel
1 Monitor the condition and performance of components over time.

See AASHTO MBI @and2.7.4 for an example list of contents for a movable bridge inspection report.
SeeAppendix Bor an example inspection reparee LADOTD BIM Chag8dor reporting procedures.
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Chapter 2
Movable Bridge Overview

2.1 INTRODUCTION

Movable bridges facilitate traffic over navigable waterways, balancing vehicular and marine needs. Their
failure disrupts daily routines, causes traffic delays, and impacts businesses. Regular inspections and
maintenance ensure reliable operation and miiEmunscheduled interruptions.

2.2 PURPOSE OF INSPECTION

Inspections identify issues affecting structural, mechanical, and electrical systems, enabling proactive
maintenance to prevent service disruptios thorough inspection has four important usés order of
importance:

9 To ensure the safety of the public, workers on the bridge, and vessels navigating through the
bridge

1 To point out areas that need immediate attention to keep the bridge in service

9 To provide properly gathered data that will be helpful during future inspections and become part
of the documentation of the bridge

9 To supply inspection documentation that can be used as an asset management tool to prioritize
bridge repairs, rehabilitations, and replacement projects.

A wellmaintained movable bridge provides years of reliable service despite exposure to harsh
environments (e.g., dirt, corrosion, wind, and thermal variations).

Inspectors must be thorough, patient, and analytical, documenting all components and identifying defect
causes with evidence. They recommend immediate repairs, replacements, etelomgnaintenance.
Effective inspections require dedication, understandaofgbridge operation, and curiositynspectors
contribute to public safety and infrastructure reliability.

2.3 INSPECTION PROCESS

Inspections involve thorough field observations compared against original specifications -aodt as
conditions. Experienced inspectors evaluate findings, assign element ratings, and recommend
maintenance or repairs. Inspections serve three purposes:

1 Identify immediate repair needs to maintain service.
1 Document conditions for future reference.
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1 Develop periodic maintenance programs.

It is good inspection practice to clean selected areas to allow close inspection for corrosion, damage,
deterioration, or hidden defects. Debris, vegetation, marine growth, and other items can accumulate and

obscure problem areadf the obstructionexceedshe inspectioni S Y Q& Q theDigirictiBrdger S a

Engineer should be notifiesbthe issuecan be addressegrior to the inspectiorwhenever feasible.

Movable bridges may also have grease buildup near moving elements. It is important to clean areas
covered in grease in order to inspect the elements. Grease used to lubricate rubbing surfaces is very thick
and sticky. It may require solvents to thorougtulgan the areaRelubricate any elements requiring
grease/lubrican@fter cleaning and prior to operation.

2.4 MOVABLBBRIDGE FUNCTIONAL SYSTEMS

Movale bridgeoperation is separated into seven distinct functional systdeftedwithin AASHTMBI.

These systems are defined as support, balance, drive, control, interlocking, navigation guidance, and
traffic control. These systems includeechanical, electrical, and structuelements, and as such should

be familiar to inspectors across disciplinespectorsshouldunderstand the purpose of these functional
systems anevaluatetheir operation and individual componentsvithin that context

This sectionintroduces the systemsand element componentsypical of swing, vertical lift, and bascule
bridges. Chapters 3, 4, and 5 detathe mechanical, electrical, and structuraglements and the
componentghat make up these systenad methods ofheir inspection Below, ech bridgefunctional
systemis introduced along witlsome of theirtypicalelements anccomponens.

2.4.1 Support System

The support system is comprised of the substructure and superstructure componentsrfiate span
stability in all positionsThese include elements such as:

9 Piers, abutments, trusses, girders, and bearings.

Rolling tracks, segmental girders, and tread plates.

Main trunnions, trunnion support@ndtrunnion bearings.

Bascule heel stops and shear locks.

Lift-span towers and cables.

Swingspanbalancewheels, center bearings, end lifesnd wedges, center wedges, and live load
shoes.

=A =4 =4 4 -4

2.4.2 Balance System

The balance system maintains stability during motion using counterweights, balance blocks, or ballast
systems to minimize drive system loads.
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2.4.3 Drive System

The drive system powers span movement, relying on support and balance systems. Components include
motors, hydraulic pumps, gears, shafts, and brakes.

2.4.4 Control System

The control system governs the operation of the movable span and serves as the command interface
between operator and the movable bridge machinery, allowing the operator to direct the bridge through
its operational cycleThe control system directs bridge operation via manual, smmwmatic, or
automatic interfaces, ranging from push buttons to programmable logic controllers (PLCs).

Manual controlglo nothave automatic sequencing and may have little interlocking protections to prevent
operator error. If the operator does not activate controls in the proper sequence, damage to the
machinery and unsafe conditions may result.

Semiautomatic and automatic controls have increasing degrees of automation typically with
corresponding increased logic and interlocking devices which prevent certain types of operator error.
Semiautomatic controls are typical on Louisiana movable bridges.

2.4.5 Interlocking System

Interlocking systems are made up of electromechanical and/or hydraulic components, logic devices, and
circuitry thatregulate operation to prevent oubdf-sequence actionshat may be hazardous to public
safety, damage operatingnachinery, and structure, or both. Interlocking system elements and
components include:

9 Limit switchestelays, detectors, sensors, anitingthat indicate the position or operational data
of moving parts.
1 Cams, levers, plungers, and other mechanical trip mechanisms
1 Internal position detectorin hydraulic pistons.
T {2FG6F NS YR KFENRgFINBE Ay t[/ Qad RSRAOFGSR (2 (K

2.4.6 Navigational Guidance System
The navigation guidance system facilitates safe vessel passage (AASHTO MBI 1.4.7).

Someelements and componeniaclude:

I Marine radio communicatiorand NOAA navigation charts
9 Lights, retroeflective panels, fog signals, white/red flags, whistles, and horns.
1 Navigation lighting, under clearance and tide gauges, fendering and other pier protection devices.
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2.4.7 Traffic Control System

The traffic control system manages vehicle flow using signals, signs, gates, and barriers, ensuring safe
operation during bridge openings.

2.5 MOVABLE BRIDGE DESIGN AND OPERATION

Numerous factors determine movable bridge design, and many distinct types of movable bridges have
evolved to fit specific needdMovable bridges are classified into swing span, vertical lift, bascule, and
pontoon types Louisianalso has some unique adaptations of the traditional movable bridge types

Bridges are categorized as Sgstem (stateanaintained highways) or G8ystem (norstate highways,
possibly on the NHSYhe table belowlists the total onsystem and ofystem movable bridges in
Louisiana.

Table 21: On and off systenbridgesin Louisiana, as of 2@

ONSYSTEM| OFFSYSTEM
BASCULE 7 7
PONTOON 8 4
SWING 48 17
VERTICAL LIFT 35 9
TOTAL 98 37

2.6 SWINGSPANBRIDGE OVERVIEW

See AASHTO MBI 1.3.2

CENTER BEARIN

WEDGES

WEDGES

a- s

REST PIER PIVOT PIER REST PIER

SWING SPAN BRIDGE

Figure 21: Swing spatbridgein closed position showing piers and location for operating components.
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Figure 22: Snving bridge in Madisonville over the Tchefuncte River

Swing span bridges open by rotating the movable span about a vertical axis so that the span is parallel
with the navigation channels. When d&tlosed position (closed to marine traffic), the span is supported

by three piers The pivot pier supports thdead weight of the swing span itselfWhen the span is not
completely closed, its entire weight rests on the pivot pidre rest piers stabilize the span and along with

the pivot pier, support the live load (the weight of vehicular traffic) gmgses ovethe bridge.

The machinery used to rotate a swing span is located on the movable span and on the pivat pier. |
mechanical operation, the final reduction pinion (rack pinion) engages a curved rack rigidly attached to
the pivot pier. As the pinion rotates, it carries the swing span around the curved rack.

Swing span bridges can be made with different structural systems, such as steel platecgintestayr
steel trussSwing spascan be operated by mechaiai¢c hydraulic drives.
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Figure 23: Symmetrical trus spanswingbridge.
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2.6.1 Symmetrical Swing Span

Most swing spans are symmetrical about the center (equal distance from center support to each end) of
the span (axis of rotation).

Figure 24: Symmetricalswing span bridge.
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2.6.2 BobTailed Swing Span

Nonsymmetrical bokailed swing spans are used in spaomstrained areas, such as bayous.

=

il o

Figure 25: Bobtailed swing span bridge.
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2.6.3 Cable Stayed Swing Span

Cablestayed swing spans require carefinspecton ofthe cablesandthe cable stays.

Figure 26: Cable stayed swing bridge.
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2.6.4 Design and Operation

Swing spans are either center bearing (using a bronze spherical thrust bearing) or rim bearing (using
tapered rollers). Center bearing designs are simpler and more common, with balance wheels preventing
tipping.All hydraulic swings are center beariRim bearing designs distribute weight via rollers on a pivot
pier track.

When closed, wedges stabilize the span and transfer live loads to piers. To open, traffic is stopped, wedges
are withdrawn, and the span rotates via a raokd-pinion system driven by motors or hydraulic cylinders.
Brakes or valves hold the span in positio

Although the center of gravity is normally located over the center bearing, the gear tooth reaction
between the rack and piniomas well as loading from wind, snow, ice and rain, pesvide enough
imbalance to tilt the span

ROADWAY
SPAN
UPPER
CENTER DISC
im,m
BOX
BALANCE
1] WHEEL

Figure 27: Centebearingdrawing.
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Mechanical Machinery Arrangements

Several mechanical machinery arrangements are found on swing span bridges to rotsfatissbut

they are all similaiDrive systems typically use one or two motors connected to speed reducers via flexible
couplings. Differentials ensure load sharing betwepimions Hydraulic drives use cylinders for rotation,
controlled electrically or mechanically.

The machinerypelow hasone motor andwo rack pinions in mesh with the curved ka&he reducer has

a differential built into itto provide load sharing between the two rack pinions. Enisuressven loading

of all machinery driving thenovable spanOn some smaller swing spans, there is a single rack pinion
Then, there is no load sharing problem and no need for a differential reducer.

ﬁ'//BﬁLANCE WHEEL :

/ \

\

BEVEL GEAR

! CENTER BEARING

I

EMERGENCY BEVEL PINION

BRAKE REDUCER '
MOTOR . LIMIT SWITCH

SERVICE BRAKE

TRACK

Figure 28: Typical drive machinery layout on a swing bridge.
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StabilizingComponents

Wedges, end lifts, centering latches, and buffer cylinders stabilize the span. Wedges slide or roll into
position, driven mechanically or hydraulically, to align and support the span. Centering latches and buffer
cylinders reduce shock during closure.

The fgure below shows the various components of a mechanically driven wedge. The crank is mounted
on a shaft supported by bearings attached to the bottom of the span. When the wedge is to be withdrawn,
the shaft rotates in the direction that will pull the wedge towardie trank.

L m—

SPAN GIRDER —\ “I

/_,-—.._...--—"

LIMIT SWITCHES

GUIDE [\

CRANK LINKAGE

VAR
Y
A

WEDGE ]
x.'\ TURNBUCK LE
) PIER " 0 [>— WEDGE SEAT

Figure 29: Wedge drive with crank and linkage arrangement

The connecting rod that extends from the crank arm to the wedge has a turnbuckle incorporated in its
design. The turnbuckle adjusts the length of the connecting rod to properly position the wedge in the
driven position. Lock nuts at each end of the turnkledockit in place afteiit has been properly adjusted.

In the figure abovethat they are trying tananipulatethe wedge to raise the spaihe turnbuckle has
turned to the point where incomplete thread engagement has resulted. Also, only a part of the wedge is
in contact,increasing the unit pressure on the small area of contact and increasing weatr.
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Figure 210: Mechanicawedge andvedgeseat.

In the schematic showielow, a single motor operates all six wedges. The motor drives through a primary
reducer. The two output shaft extensions of the primary reducer are coupled to longitudinal shafts that
extend from one end of the span to the other. One worm gear reducer is loedtine center of the span

to operate the two center wedges. There are two more worm gear reducers, one located at each end of
the span. Each of the three worm gear reducers have two output shaft extensions that are caupled t
transverse shafts. The transverse shafts will typically drive through one or more gear reductions. The final
gear reduction drives the crank shaft that actuates the wedge.

Figureof the wedge drivanachinerybelow only shows the machinery at the center of the span and at
one end. The machinery at the opposite end of the span is identical to the end of the machinery shown.
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Figure 211: Wedgedrive machinery

In some cases, rocker type live load shoes that require no operating machinery have been used instead of
wedges.

For very wide bridges that require more than twedgesat each end, additionalvedgesare added
Theseadded lifts are driven from the same transverse shélfte turnbuckles in the connecting rods are
adjusted to assume uniform motion and loading of the multiple wedges at each end of the span.
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SPAN GIRDER
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GUIDE — &=

PIER 7 N~ weEDGE SEAT

Figure 212: Wedge with hydraulic cylinder drive

Many swing spans in Louisiana have hydraulic dnveages These consist of a hydraulic cylinder with
its piston rod directly pinned to the wedg8upply of hydraulic fluid to the cylinder is achieved by means
of a motor and pump usually mounted on the movable span in the vicinity of the pivot pier with
distribution lines to the various cylinders.

This system offers advantages over the complicated link systems often required on mechanicalsystems
and the disadvantage of possibly backing aater live loads due to seepage of hydraulic fluid and
resultant loss of pressure.

The figure belowshows an end roller device utilized on some swingdasdin Louisiana. End rollers
perform the same function asedges;however,they operate in a slightly different manner, rolling into
place rather than sliding.
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Figure 213: Hydraulicrollerwedge

When a swing span closes, the span alignment with the approach span is obtained by two centering
latches (except omosthydraulic swing spans), one at each end of the spajurebelowshows the span

in the closed position. The centering latch has a roller on the bottom endlaitteis mounted on the

span and can slide up and down between two guides on the span. It is counterweighted to reduce the
effort required to raise itThe latch pocket is mounted on the rest pier.

When the centering latch is in the fully lowered position, the wheel rests in the latch pocket. The latch
pocket prevents the centering latch from moving in either directi®nce the centering latch is attached
to the span, it also prevents the span from moving.

When the bridge must be opewl, a drive that usually is included in the wedge or live load shoe drive
system raises the centering latch just enough so that the wheel is clear of the pocketilTai®w the

span to rotate. The end of the sp&elow must move to the left. When the span moves to the left, the
roller rolls up the short ramp, over the hump and down the long ramp. As the span is rotated back to the
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fully closed position, the roller rolls up the long ramp, down the short ramp and drops into the pocket.
This prevents the span from rotating any farther. The speed for rotatiemtiemelylow at this point;
otherwise, some high shock loads will be generated in all the centering latch comppasntgll as the
structural steelind concrete, on which they are mounted.

LATCHBAR OPERATED BY

- HYDRAULIC CYLINDER
n :'_: F____.‘
) [T
|
5.
_ HYDRAULIC CYLINDER | 7 _
i
| ! f =
iR | | |
< — LATCHBAR — : h .
LATCH POCKET ’
| N[
| 11] ‘ /—TOP OF PIER
[d‘é}? ﬁl: 4 Z - -+ n t
A F | |

Figure 214: Latchbar operated by hydraulic cylinder

Bridges with modern electrical controls have automat@vdownsprogrammed to prevent the operation

from closing at too greabf a speed.Some of the older bridges do not and are completely dependent

dzLR2y GKS 2LISNI (2 NEQ 2 dzR prEbess/dndbthetcknieding deNdddprizey (Gt @ O
damaged.

One additional safety measure on swing spans to reduce the shock when closing is to mount two
horizontal buffer cylinders at each end of the span, as shbelow. The buffercylinderis simply a
pneumatic shock absorbéhat will help slow the span down when closed at too greba speed. Since
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the buffer cylinders are mountetb act on the side of the span, their use eliminates the possibility of
rotating the span in one direction

SPAN ROADWAY
]—l_, r—l |
END OF SPAN
BUFFER
CYLINDER
. COUNTERWEIGHT
B CENTERING LATCH
WLM POCKET
P ot — - — —
l A s .. ' r ’ [’; ’ ! .'ﬂl - 5 Pl a
a . a @ - ° .
. ; & = PIER . . .
-8 P . N b : S
T - -, . - s = o , .o

Figure 215: End elevation of span showing location of centering latch and buffer cylinder.

Emergency Hand Drive

Emergency hand drives allow manual operation during power or motor failures, requiring multiple
personnel to operate. Inspectors must verify operability, as corrosion can render these systems

inoperable.

The figure belowllustrates a typical hand drive found on swing spans. There are two such drives: one to
operate the wedge machinery and one to operate the main drive machinantate the span. The-bar
shownbelowis at road levelNormally, two or morgeopleare required to turn the Par.
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Figure 216: Elevation of manual drive components

2.7 VERTICAL LIFT BRIDGE OVERVIEW

Vertical lift bridges raise a horizontal span between two towers, remaining level throughout operation
(AASHTO MBI 1.3.3). They are either tower drive (machinery at tower tops) or span drive (machinery on
the span).

Figure 217: Towerdrive verticallift with concretetowers andsteel plate girders with two sets ofdrive machinery
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2.7.1 Design and Operation

Mechanical Machinery Arrangements

Counterweight ropes connect the span to counterweights via sheaves, balancing the system. The span is
designed to be slightly heavy to ensure closure during power failures. Drive machinery rotates sheaves to

raise or lower the span, with electrical synchization maintaining level operation.

Figurebelowshows a general arrangement to depict how the span is attached to the counterwéiglts.
heavy lines show the position of the span when closeflilly lowered.

COUNTERWEIGHT
SPAN UP
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Figure 218: Diagramof tower drive vertical lift components

0AD SHOES
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The figure belowshows a typical machinery arrangement for a tower drive. One set of machinery, as
shown, is located at each tower. The drives on the two towers are coordinated electrically to keep the
span level during operation

LIMIT SWITCH

SHEAVE
B ,/:

RIMG
GEAR

PRIMARY

JINNEEERENEN

PINIOMN

Figure 219: Diagramof operatingmachineryfor a tower-drive bridge.

Another common type of vertical lift bridge that is used in Louisiana has a fixed span between the tops of
the two towerscalled tower spanThe machinery may be located on the tower span with longitudinal
shafts extending to the rigkdingle reducers on the towers. The output shafts of the reducers connect to
transverse sha#t, which rotate the rack pinion, thus rotating the tower sheaves.
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Figure 220: Towerdrive verticallift bridge operatingmachinerylayout
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Figure 221: Guide rollers schematic.
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Guides are provided to prevent the span from excessive swaying during opetiermethod of guiding

is to have guide rollers attached to the span opposed by tracks attached to the towers at all four corners
of the span. Usually on one end of the bridge, at the lower chdh#sguides resict longitudinal and
transverse movement. At the other end of the lower chord, as well as at both ends on the upper chord,
only transverse movement is restricted. This prevemtdesirablemovements of the span but alivs for
thermal expansion of the structur@sseenbelow.

Somevertical lift bridges are guided by guide shoes instead of rollers. The shoes slide along the tracks
rather than roll. The shoes must be lubricated to prevent wikam heavy frictional loads during
operation. Thereshould be a small amount of space between the guide shoes, or guide rollers, and the
tracks during operation under no wind conditions, but a small amount of wind pressure will cause the
guides to contact the tracks.

Figure 222: Tracks and guide rollers.
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Locking Devices

Lockbars or end latches secure the span when closed, engaging sockets on the fixed structure. Centering
devices ensure alignment, and buffer cylinders reduce shock.

Vertical lift bridges will have at least two locking devices, one at each end of the span. Sometimes, there
will be two at each end of the span to lock it in the closed positidne design used in Louisiana
incorporates both the live load shoes and centering devivege belowshowsa popular type of lock, or

end latch, used in Louisiana.

Figure 223: Verticallift end latch.
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Buffer cylinderanay befound at each corner of the movable span. The buffers reduce the shock load
generated at both ends of travel during operation of the span.
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Figure 224. Buffer cylinder and live loathoe
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Balance Chains

Balance chains compensate for rope weight shifts during operation, maintaining slighthepgay
balance.

In the figure belowthe span is raised to the full, open positihown in theeft image) In this position,

Y240 2F GKS OKIFAYyQa&a ¢AShasKan descgdndand\iiekdbiiRerw@ight rise$,3he G 2 6 S
counterweight ropes pass over the sheavemmoving their weight from the counterweight side and

adding their weight to the span side. To compensate for this, the counterweight picks up more of the
weight of the balance chain until, when the counterweight is in the fully raised position, riearmntire

weight of the balance chain has been added to the counterwedgid the span is lowerehown in the

right image.)

SHEAVE

COUNTERWEIGHT
COUNTERWEIGHT

ROPES

! SPAN
TOWE R\
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BALANCE CHAIN

BALANCE CHAIN
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Figure 225: Diagramof verticallift balancechains
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2.8 BASCULE BRIDGE OVERVIEW

Bascule bridges rotate to provide unlimited vertical clearance (AASHTO MBI 1.3.1.1). Types include
trunnion, rolling lift, and heel trunnion.

Figure 226: Doubleleaf bascule bridge
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2.8.1 Trunnion Bascule

Trunnion bascules rotate on horizontal trunnion shafts, with single or double leaves. Counterweights
balance the span, and live load shoes transfer loads to piers. Drive systems usedaakion

mechanisms, with differentials ensuring load sharing.

17
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L, {P
,',\‘“;1
COUNTERWEIGHT ;o0
| 77 1 /TRUNNION FORWARD LEAF
- e

REAR ANCHORAGE

FRONT BEARING

TRUNNION BASCULE BRIDGE

Figure 227: Trunnion bascule bridge

The dashed lines idiagram belowindicate the outline of the fixed roadway on an approach. The heavy
lines outline the bascule span, its supports, and some of the operating machinery. Locks are provided at

the interface between the forward ends of the two bascule leaves and also betthearounterweights

and the fixed structure to provide additional stability.

OF TRUNNION
JrBUF—'FEF’Z CYLINDER

S 4w tm—
é PAN
LOCKS
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Figure 228: Operatingcomponentsof a doubleleafbasculebridge.
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The counterweight is constructed to place the center of gravity of the entire span virtually at the axis of
rotationt i.e., the center of trunnion shafts. The power required to operate the bridge then must
overcome friction in the system and imbalance calibg wind, ice, snow etc.

TRUMMNION BEARING

PRIMARY REDUCER  sroonpamy REDUCER

Figure 229: Diagramof encloseddrive system.

The support for the bascule spaneispeciallyimportant. The trunnions that support a trunnion bascule

are mounted in the main girders on each side of the span, frequently referred to as the bascule girders.
The entire weight of the span, including the counterweight, is transmitted from basculegittt®ugh
trunnions, then through the trunnion bearings to the pidt is imperative that the two trunnions be
aligned

ECCENTRIC

THUMNION GIHDER

Figure 230: Diagramof trunnionassemblies
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2.8.2 Rolling Lift Bascule

Rolling lift bascules roll on curved tracks, with machinery on the span engaging fixed racks.
Counterweights maintain horizontal center of gravity movement. Hydraulic versions eliminatandck
pinion issues.

Figure 231: Rollinglift basculebridge.

The curved tracks support the entire span. As the pinions rotate in one direction, they provide a horizontal
force on the span that rolls the span back away from the navigation channel and raisee ¢mal of the
span to provide clearance.

Counterweights are attached to the movable span to locate the center of gravity at the center of the rack
pinionsg also the center of the curvature of the curved tracks. This results in the center of gravity moving
only ina horizontal direction so that the only power required is to overcome friction plus the imbalance
due to wind, rain, and ice.

Rolling lift bascules can be single or double leaf.
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The image belowlustrates how hydraulic cylinders can be installed on a rolling lift bridge. Notice that no
rack or rack pinion is required, thus eliminating the problem of poor tooth mesh as the track plates wear.

Further, cylinders have sealfigning rod end bearingbat can ease installation and operation difficulties.

HYDRAULIC CYLINDE
/!

ORWARD LEAF

Figure 232: Hydraulically operated rolling lift bascule bridge.

2.8.3 Heel Trunnion Bascule
Heel trunnion bascules separate the span and counterweight, rotating on distinct trunnions. Drive

machinery engages racks on operating legs to open or close the span.
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Figure 233: A heeltrunnion bridge has two fixed trunnions, A and B. The leaf rotates about B, and the
counterweight rotates around A. Trunnions C and D move as the leaf is raised.
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The drive machinery is located in the same tower that supports the counterweight. A pinion is mounted
on each side of the structure, and pinions engage straight racks. In this case, the straight racks are
mounted on operating legs that are pin connectedetch side of the movable span. When the pinions
rotate in one direction, they produce a pull through the racks to the operating legs, and, in turn, to the
movable span. This pulls the movable spaarn@pen positionReversing thelirection of rotation d the

pinions develops a pushing force through the racks to the operating legs, pushing the span closed.

2.8.4 Stabilizing Components

Buffer cylinders, live load shoes, span locks, and centering devices stabilize bascule spans, ensuring

alignment and reducing shock.

The figure belovshows a typical mounting arrangement. The strike plates are attached to the rest pier.

ROADWAY

-

EUFFER
CYLINDER

L——LOAD SHOE

———LOAD SHOE
_ STRIKE PLATE

Figure 234: Buffer cylinderson a singleleafbascule.

Frequently, limit switches are positioned in the vicinity of buffer cylinders and live load shaéss In
location, a direct signal may be obtained that assures the bridge tender the span is sbdlow.

61



DQTD Louisiana Department of Transportation and Development
e ——— . .
TRANSFORIATION & BEVEOPMENT Movable Bridge Inspection Manual

Figure 235: Buffer cylinder and limit switch.
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2.9 PONTOON BRIDGE OVERVIEW

Pontoon bridges use a floating span pivoted by winches and wire ropes (LADOTBNIMallast pumps
adjust span height, and apron ramps facilitate vehicle access. Wire ropes may pose navigation hazards if
not properly managed.

Figure 236: Pontoonbridge.

The pontoon spashouldbe equipped with ballast pump3heir purposeis adjustment of theroughspan
heightrelative to the roadwayvith changingseasonalvaterline/channel deptls, whenthe apronramps

can nolongeraccommodate the difference between roadway afhmiting pontoon spanheight The
pontoon is caused to rotate by meangelectricor hydraulicwinches Theiroperationalwire ropesare
strung throughsnatch block anchorages both sides of the navigable chanagld affixed toboth sides

of the pontoon. A small number of pontoon bridges in Louisiana utilize wire ropes routed across the
navigationakhannelithese wire ropes must be dropped to the channel bed to permit passage of marine
traffic. Properly routedthese cableswill largely remain clear of theavigational channel, bunay still
cause a hazardvhenunsecuredor in place just below the water surface
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Figure 238: Snatch block and anchorage routing the wire rope cables of a pontoon bridge.
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2.9.1 Ramps for PontooradFeries

Counterweighted ramps, raised and lowered by wire ropes, connect pontoon spans or ferries to approach
spans, aligning with mating pockets for vehicle access.

Figure 239: Pontoon bridge apron ramp and machinery towers during operation.

Vehicular trafficenters and leavesfloating pontoon spars by means ofthese ramps located on the
approach spandVhena pontoonbridge is to be opened to marine traffic, the ramps are raised, and the
pontoon maythen be pivoted about the pivot pieto openthe navigable channel tmarinetraffic. After

the pontoon igivoted back intgositionandproperly alignedthe ramps arehen lowered andheir ends

fit into a mating pocket of the pontooto allowthe passage of vehicular traffic.

Similarly, ehicular trafficenters and leave ferriesby means otheseramps located on the approach
spansWhenthe ferryissafely loaded and prepardd departthe ramp israised, and thdéerry may depatrt.
After the ferry is moored and in the proper positicthe landingramp is lowered, and its end fit into a
matingpocket ofthe ferry to allow vehicles to unload

Table of Contents 65
Appendix



DQTD Louisiana Department of Transportation and Development
. ——— . .
TRANSFORIATION & BEVELOPMENT Movable Bridge Inspection Manual

Chapter 3
Mechanical Inspection of Movable Bridges
(Machinery)

3.1 OVERVIEW

The following section attempts to provide the inspector with a description of the mechanical elements
typical to movable bridges found in Louisiana, and methods of their inspection. The inspector should
recognize that these descriptions and methods wiktnfneed to be supplemented with resources specific

to the mechanical element, and bridge being inspected. Thus, it is the responsibility of the inspector to
seek out and add to tooling, documentation, expertise, training, and additional resources ingiiepa

for a successfuhechanicalnspection.

3.2 LUBRICATION FITTINGS

To reduce wear and ensure proper operation of moving components lubrication is required. Many
mechanical elements on a movable bridge are equipped with fittings so that maintenance personnel can
properly lubricate them.

Lubrication fittings are incidental to many Movable Bridge Elements as such they are not given a unique
ADE designation number, nor an independent Condition State (CS) Rating. Lubfitatgsmshould be

inspected as part of their parent element and any notes including deficiencies should be recorded
underneath the Movable Bridge Element ADE number that they serve. Deficiencies lobtioation

fittings should be taken into consideration when determining the Condition State (CS) Rating of their
parentSt SYSyidao . St2g¢  GFrofS Aa LINEPQJARSR Rbficatio? O 6f S
fittings.
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El. No. Element Name El. No. Element Name
841 Speed Reducers 865 TrunnionStraight/Curved
Rack
843 Shaft Bearings and Shaft 881 Bridge Specific Equipmer
Couplings (Lift)
844 Brakes 882 Bridge Specific Equipmer
(Swing)
845 Emergency Drive and 883 Bridge Specific Equipme
BackUp Power (Pontoon)
Systems
847 Hydraulic Power Units 884 Bridge Specific Equipmer
(Bascule)
849 Hydraulic Cylinders 885 Barriers- Movable Bridges
/Motors/Rotary
Actuators
860 Span Locks/Toe 886 Traffic Warning Gates
Locks/Heel Stops/Tail Movable Bridges
Locks
861 Live Load Shoes
/Wedges/Strike
Plates/Buffer Cylinders

Grease fittings such as Zerks or button heads are provided on machinery requiring grease. A grease gun is
used by maintenance personnel, the grease gun mates solidly with the grease fitting and delivers grease
through lubrication lines, and channeling ihet mechanical element to deliver fresh grease to the
appropriate area between moving machinery surfaces. Relief vents are often installed in these systems
such that excess grease can be automatically expelled from the machinery, and to prevent seal damage.

Figure 31: Button head and Zerk style grease fittings
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Oil lubricants are typically delivered using oil reservoirs or cups, that deliver the oil through lubrication
lines, and internal channeling to their desired location.

Routine Inspection of Machinery with Lubrication Fittings:

91 Oil reservoirs and cups should be filled appropriately.
1 When maintenance personnel use grease fittings such as Zerks and button heads, the grease gun

gAtt 2F0Sy tSIH@S O60SKAYR | aYlFfft FY2dzyd 2F 3INB
where the grease is hardened or degraded is a sign that theaefydrication schedulevas not
maintained.

Coding Recommendations for Machinery with Lubrication fittings:

1 Mechanical elements with lubrication fittings that are broken, missing, or damaged should be
automaticallycoded/ { o G L2 2NEE¢ RdzS (2 fdzoNAOFGA2Y RSFSOI¢

3.3 BEARINGS

Bearings are machinery components that provide the interface between rotating andotatng parts.
In most movable bridge applications, the shaft rotates while the bearing and its housing remain stationary.

Bearings can banique Movable Bridge Elemeni@nd theycan be incidental to many Movable Bridge
Elements

Bearingsused toprovide the interface between rotating 8able Bridge Hements and nonrotating

parts, are themselves unique Movable Bridge Elemdntsuch casesthey are given a unique ADE
designation number, and eattearingis given an independent Condition State (CS) Rating. Deesag

should be inspected and any notes including deficiencies should be recorded underneath the Movable
Bridge Element ADE Number shown below.

El. No. Element Name
843 ShaftBearings and Shaft
Couplings

Bearing are incidental to many Movable Bridge Elements, in such cases they are not given a unique ADE
designation number, nor an independent Condition State (CS) Rating. ddesess should be inspected

as part of their parent element and any notes including deficiencies should be recorded underneath the
Movable Bridge Element ADE number that they serve. Deficiencies oftlibagag should be taken into
consideration when determining the Condition State (CS) Rating of their parent element. Below a table is
pr2 ARSR 2F a2@lofS . NARIDeansSYSy il !59Qa GKIG 2F0S
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El. No. Element Name El. No. Element Name
841 Speed Reducers 881 Bridge Specific Equipmer
(Lift)
845 Emergency Drive and 882 Bridge Specific Equipmer]
BackUp Power (Swing)
Systems
847 Hydraulic Power Units 883 Bridge Specific Equipmer
(Pontoon)
849 Hydraulic Cylinders 884 Bridge Specific Equipmel
/Motors/Rotary (Bascule)
Actuators
860 Span Locks/Toe 885 Barriers- Movable Bridges
Locks/Heel Stops/Tail
Locks
865 TrunnionStraight/Curved 886 Traffic Warning Gates
Rack Movable Bridges

Two kinds of bearings are typically used on movable bridges: sleeve bearings afittéonior rolling
element bearings.

3.3.1 Sleeve Bearings

A sleeve bearing is a cylindrical metal sleeve that fits with a slight clearance over its associated shatft,
commonly called the journal. A clearance is provided between the sleeve bearing and shaft for lubricant
and transfer of heat generated by the frioti as the shaft rotates within the bearing

Figure 32: Example of a split block sleeve bearing.
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Proper radial clearance is important in a sleeve bearing, and it must be sufficient to provide space for the
lubricant but not so much as to permit excess movement. To determine the original design clearance, it
is necessary to check the -Bsiilt drawingsand specifications. If drawings or specifications are not
available, a rule of thumb of .001 to .002 inches per inch of shaft diameter is acceptable for shafts up to a
range of 12" diameter. Thus, for a 4" diameter shaft a clearance of .004 to .008 wountatinal.

Routine Sleeve Bearing Inspection

91 Inspect bearing assembly for dirt, foreign material, paint loss, corrosion, and excessive lubricant.

91 Inspect bearing pedestal, support, and entire housing exterior for cracking or signs of stress.

1 Inspect fasteners, foundation bolts, and nuts for signs of deterioration due to rusting or fatigue,
note any loose fasteners.

1 Inspect bearing for proper lubrication and fittings, note any missing or malfunctioning lubrication
components.

1 Inspect the bearing sleeve to determine if it is damaged and that it is secure in the housing. Check
the ends for scoring or signs of damage and wear. Also check the shaft where it emerges from the
bearing for signs of damage and wear.

9 Observe the bearing during operation. Note any unusual vibration or noises.

9 After an operational cycle and the shaft has stopped rotating, feel the shaft immediately adjacent
to the bearing. If excessive heat is noted, measure operating temperature with a surface
pyrometer, thermal imaging camera, or other similar gauge.

1 If accessible, use feeler gauges to measure the clearance between the shaft and bearing, this is
called the journal clearance. Prior to use of feeler gauges, clean this intersection to ensure that
the tool is not pushing dirt, or foreign material into tigap. Use feeler gages to record journal
clearance and compare with the original design. Move the feelers around the circumference of
the shaft to record the point with maximum clearance. The point of maximum wear may not be
at the top of the bearing in attases. This should be performed at both ends of the bearing if
possible.

Sleeve Bearing Coding Recommendations

T wkRAIFE Of SINIyOSa 2B8NISWESMNRES aK2 dd R ISR DRRGRP
f Metal sleeves that are cracked or loose should also be c6®d & S @& GuNidb damage defect

3.3.2 AntiFriction Bearings

On many newer bridges, selfigning ball or roller bearings are now being used. These units contain
replaceable lubricant seals, as such excess lubrication around where the shaft enters the pillow block may
be a sign of seal damage or failure.
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Figure 33: A pillow block spherical bearing.

Anti-friction bearings may have one piece or split housings. Internal clearance measurements are not
generally taken by inspectors to determine the amount of wear, as very little wear typically occurs with
the units Their seals help to prevent the entry of foreign materials and make measurement impractical.

Routine AntiFriction Bearing Inspection

1 Inspect bearing assembly for dirt, foreign material, paint loss, corrosion, and excessive lubricant.

1 Inspect bearing pedestal, support, and entire housing exterior for cracking or signs of stress.

1 Inspect fasteners, foundation bolts, and nuts for signs of deterioration due to rusting or fatigue,
note any loose fasteners.

1 Inspect bearing for proper lubrication and fittings, note any missing or malfunctioning lubrication
components.

1 Carefully inspect the seals. Be sure they are in place and functioning properly. Excess lubrication
passing the seal may indicate seal failure

1 Observe the bearing during operation and note unusual vibration or noises. Any loud noises could
be a warning of distress and trouble, as dnitition bearings normally run with little discernible
noise.

1 After an operational cycle and the shaft has stopped rotating, feel the shaft immediately adjacent
to the bearing, if excessive heat is noted measure operating temperature with a surface
pyrometer, thermal imaging camera, or other similar gauge.

Anti-Friction Bearing Coding Recommendations

1 Frictionless bearings that show signs of excessive weatr, vibrate excessively, make grinding noises
should be code€S41 & S @ 8udIdwear defect.
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91 Individual rollers or ball bearinglsat are not free to roll, where bearing faces are scored or loose,
or where the bearings running temperature exceeds 200 degrees Fahrenheit should beC®tled
osevereg due tooperation defect.

3.3.3 Trunnion Bearings

Trunnion bearings are used in many types of bascule and vditidalidges, they may be sleeve or anti
friction type bearings and are usually housed in large split type pillow blocks. The trunnion bearing shaft
diameters are large typically from 10 t@ &x.ches depending upon the size of the bridge.

Figure 34: Excessive contaminated lubricant of the trunnion bearing of a bascule b@geS R / { o @& LJ2 2 NE €

lubrication defects the Libricants exhibit moderate contamination

Routine Trunnion Bearing Inspection
Disassembly is hot recommended during routine inspection.

1 Inspect bearing assembly for dirt, foreign material, paint loss, corrosion, and excessive lubricant.

1 Inspect bearing pedestal, support, and entire housing exterior for cracking or signs of stress.
Particular attention should be given to areas of high stress concentration such as fillets and bolt
holes.

1 Inspect fasteners, foundation bolts, and nuts for signs of deterioration due to rusting or fatigue,
note any loose fasteners.

91 Inspect bearing for proper lubrication and fittings, note any missing or malfunctioning lubrication
components.

1 Remove lubrication purge plugs and check for moisture and grease condition.

1 Observe the bearing during operation. Note any unusual vibration or noises.
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§ After an operational cycle and the shaft has stopped rotating, feel the shaft immediately adjacent
to the bearing, if excessive heat is noted measure operating temperature with a surface
pyrometer, thermal imaging camera, or other similar gauge.

Trunnion Bearing Coding Recommendations

f  Noises of trunnion bearings during operation should be co@&8d LJ2 2 NIS44 & MNP S NB ¢
RSLISYRAY3I 2y (GKS AyalLISOiz2NNRa AYyUiSNILINBiIGlFlAzy 27

f Trunnionbearingsl KI & a1y 2012 (KdzYL)] @SMacSI@smékisshéuRibde R 0 S (
reported to the District Bridge Engineer at the time of the findinge Trunnion bearings
scheduled for follow up engineering investigation.

9 Lack of lubrication, and lubrication passages that are blocked with hardened lubricant or debris
should be codeS4isevere¢ andthis should be reported to the District Bridge Engineer at the
time of the finding

T /2y0lF YAYFGSR fdzoNAROFYyG aK2dzZ R 6S O2RSR /{0 a&LX
of contamination.

1 Signs of misalignment, support structure distress, excessive deflections of support structures, or
settlement or movement of bearing supports should be co@8#3 & S @ SnidBis should be
reported to the District Bridge Engineer at the time of the finding. The trunnion bearings should
be recommended for additional specialty inspection.

3.4 SHAFTS

Shafts transmit torque from one part to another.

Shafts can beinique Movable Bridge Elements, and they can be incidental to many Movable Bridge
Elements.

Shafts used to transmit torque between movable bridge elements, are themselves unique Movable Bridge
Elementsin suchcasesthey are given a unique ADE designation number, and each shaft is given an
independent Condition State (CS) Rating. These shafts should be inspected and any notes including
deficiencies should be recorded underneath the Movable Bridge Element ADE Nurobver lselow.

El. No. Element Name
842 Shafts

Shafts are incidental to many Movable Bridge Eleméntsuch casegshey are not given a unique ADE
designation number, nor an independent Condition State (CS) Rating. These shafts should be inspected as
part of their parent element and any notes including deficiencies should be recorded underneath the
Movable Bridge Eleent ADE number that they serve. Deficiencies of these shafts should be taken into
consideration when determining the Condition State (CS) Rating of their parent element. Below a table is
LINE GARSR 2F a2@lo6fS . NAR3IS 9fSYSyid !'590a GKFdG 27Fi
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El. No. Element Name El. No. Element Name
841 Speed Reducers 881 Bridge Specific Equipmer
(Lift)
844 Brakes 882 Bridge Specific Equipmer
(Swing)
845 Emergency Drive and 883 Bridge Specific Equipmer|
BackUp Power (Pontoon)
Systems
847 Hydraulic Power Units 884 Bridge Specific Equipmer
(Bascule)
849 Hydraulic Cylinders 885 Barriers- Movable Bridges
/Motors/Rotary
Actuators
860 Span Locks/Toe 886 Traffic Warning Gates
Locks/Heel Stops/Tail Movable Bridges
Locks
886 Traffic Warning Gates
Movable Bridges

Figure 35: Paint failure and corrosion of a machinery shaft, should be coded6&8 due tomoderatecorrosion
defect
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Properly designed shafts have few problems; however, cracking is the most common defect, and the
primary cause of shaft failures.

Figure 36: Corrosion and paint failure at intersection of shaft keyway shoulder andSkeytcoded CS&poor
due tomoderatecorrosion defect

Figure 37: Shaft keyway with sharp corners, these areas act as stress concentration points and should be closely
inspected for defects.
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Routine Shaft Inspection

9 Clean and inspect the shaft carefully. Inspect localized areas of high stress such as shoulders and
keyways. Document cracks, damage, paint loss, and surface corrosion.

1 Cracks should be directly measured, documented, and compared to any available previous
documentation to track propagation rateSeparation of the paint from the shaft along strain
lines is another indicator for close visual inspection for cracks in those affected areas.

1 Thoroughlyinspect areas of paint loss, as they can be an indication of underlying areas of high
stress, and cracking.

1 Closely examine sharp cornered keyways for cracks.

1 Closely examine the shaft, keyways, key, and connected elemersigffisrof stress, deformation,
cracks, damage, or deficiencies.

1 Inspect shaft for signs of distortion or twisting. This condition should warranf apoorg or CS4
osevere condition rating and closer visual examination for cracks.

9 Observe shaft during operation, note any shaft wobble, or visible malfunction.

1 Suspected cracks should be documented and recommended for further investigation

Shaft Coding Recommendations
T +AaAofS akKl-Fid ¢200ftS aKz2dZ R 0SS O2RSR /{o alLk2!
limits detailed in the A8uilt documentation.
' All cracked shafts should be coded and reporte€84y & S @S NB
1 Any shaft deficiency resulting in a Q84 S @ratidgshould be reported to the District Bridge
Engineerat the time ofthe finding. A deficiency reporshould be made to initiate followp

testing, assessment, and corrective measuregudingcontingency plans in the event of shaft
failure, that remain in place until the shaft is replaced or repaired.

3.5 COUPLINGS

Couplings are used to join shaft ends together for the purpose of transmitting rotary motion and torque
from one shatft to the next

Couplings can banigue Movable Bridge Elements, and they can be unique incidental to many Movable
Bridge Elements.

Couplings used t@in the ends ofMovable Bridge Hementstogether for the purpose of transmitting
rotary motion from sme Movable Bridge Element to the nete unique Movable Bridge Elementa such
casesthey are given a unique ADE designatimmmber, and eachcouplingis given an independent
Condition State (CS) Rating. Theseplingsshould be inspected and any notes including deficiencies
should be recorded underneath the Movable Bridge Element ADE Number shown below.

El. No. Element Name
843 ShaftBearings and Shaft
Couplings
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Coupling are incidental to many Movable Bridge Elemeimsuch caseshey are not given a unique ADE
designation number nor an independent Condition State (CS) Rating. dhegdigsshould be inspected

as part of their parent element and any notes including deficiencies should be recorded underneath the
Movable Bridge Element ADE number that they serve. Deficiencies of ¢chepéing should be taken

into consideration when determining the Condition State (CS) Rating of their parent element. Below a
ttofS Aa LINPODOARSR 2F a2@l o6f ScouphidggR3IS 9f SYSyid !159Q4

El. No. Element Name El. No. Element Name
845 Emergency Drive and 882 Bridge Specific Equipme
BackUp Power (Swing)
Systems
847 Hydraulic Power Units 883 Bridge Specific Equipmer
(Pontoon)
849 Hydraulic Cylinders 884 Bridge Specific Equipmer
/Motors/Rotary (Bascule)
Actuators
860 Span Locks/Toe 885 Barriers- Movable Bridges
Locks/Heel Stops/Tail
Locks
881 Bridge Specific 886 Traffic Warning Gates
Equipment (Lift) Movable Bridges

3.5.1 Flexible Couplings

When shafts are installed in the field, there is usually some misalignment, however slight, between the
machinery components connected by the shaft. Flexible couplings prevent stress buildup in the shaft and
bearings resulting from misalignment. Howeveng tmisalignment correction is minimal, and shafts
should be aligned as closely as possible when connected with flexible couplings.

There are a variety of flexible couplings available, and it is recommended that the inspector review the
manufacturers documentation and maintenance manuals of the couplings in use to review clearance,
alignment, maintenance, and lubrication specificatigmi®r to coupling inspection. An overview of the
most common flexible coupling types is provided below.

Gear Couplings

These are rugged high torque capacity units and generally used for connecting all shafts after the motor
shaft in the span drive system.

A gear coupling consists of two hubs, shrunk and keyed to each of the shafts. The hubs have gear teeth
machined on the outer diameter. Two flanged sleeves with internal gear teeth fit over the hubs and bolt
together. The gear teeth on the hubs mesh witke thternal teeth on the sleeve8.gear coupling is shown

in the figure below
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Figure 38: Cutaway drawing of a gear coupling.
Chain Couplings
These are used in applications less heavily loaded than those requiring gear couplings

A chain coupling consists of two sprockets, one mounted on each shaft. A short, continuous length of
double width roller chain is mounted over the sprocket teeth. Power is transmitted from one hub to the
other through the chainA chain coupling is shown belowtire figure

o 4
T Rl

=)
-
1Y

Vo inbem

Vo ' e
o )b

l 4

Figure 39: Chain coupling of a rotary limit switglith no observable defects
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Grid Couplings

These are often used to couple the motors to higieed shafts in the span drive and span lock systems.

A grid coupling has the same basic components as gear couplings, with both hubs shrunk and keyed onto
their shafts. Slots are machined on each hub outer diameter. A stpyjoeggrid is inserted in the slots and

carries the entirety of the load. A cover Wwiseals protects the grid and keeps lubrication in the coupling.
A grid coupling is shown belowfigure below

Figure 310: Grid coupling with a sleeve half removed for internal inspectionplingD2 RSR / { o & LJ2 2 NE
inadequate lubrication

Routine Flexible Coupling Inspection

1 Inspect exterior of coupling including all seals and gaskets. Document any paint loss, corrosion,
damage, or cracks.

1 Remove a grease fitting or purge plug to inspect internal lubricant condition.

1 Inspect and document lubrication seeping through mating surfaces of coupling sleeves and
flanges. If the coupling has been properly lubricated, the lubricant will only leak between the
flanges if the gasket is faulty.

1 If misalignment is suspected at a gear coupling, use calipers, machinist ruler, or other
measurement means to measure the hub protrusion at 12:00, 3:00, 6:00, and 9:00 positions.

1 Inspect flange bolts for tightness and condition, document any missing, loose, corroded, or
otherwise damaged hardware.
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1 Inspect keys and keyways for signs of movement, stress, or cracking. If there are any indications
of cracking further investigate using dye penetrant.

Flexible CouplindRecommendations

 The absence of coupling covers should result ilC&3d L2 2 NE O2YRAGAZ2Y NI |
recommendation for corrective action.

1 Fretting corrosion around bolts, and loose coupling hubs should all be c@8&d LJ2 2 NJb €

f Couplings outside of manufacturers recommended alignment should be @88&d LJ2 2 8$4 { 2
GaSOSNBE¢ RSLISYRAY3 dzZllry (GKS aS@OSNRAGe 2F YAalfa

1 Signs of distress, lack of proper lubrication, and wear of individual coupling parts should be
consideredCS3x LJ2 2 NJb €

9 Loosenesscracked keywaysir damage that appears likely to result in faguof the coupling
should be code€S41 & SPS NB v ¢

3.5.2 Rigid Couplings

Rigid couplings transmit power from one shaft to another but have no alignment correction capacity.
There are no moving parts in a rigid coupling, and no lubrication is required.

Figure 311: Rigid coupling.

Routine Rigid Coupling Inspection

1 Visually inspect coupling for paint loss, corrosion, damage, and cracks.

1 Inspect bolts on flanged couplings for tightness, corrosion, and damage.

91 Inspect keys and keyways for tightness and cracking.

9 Observe coupling during operation, note any coupling that shows excessive movement or noise.
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RigidCoupling Coding Recommendations

1 The absence of coupling covers should result ilC&3a LJ2 2 NE O2YyRAGAZ2Y NI I
recommendation for corrective action.

1 Fretting corrosion around bolts, and loose coupling hubs should all be co8&d LJ2 2 NJb €

f Couplings outside of manufacturers recommended alignment should be @880 LJ2 2 8$4 { 2
GaSPSNB¢ RSLISYRAY3A dzll2y (GKS ASOSNRGEe 2F YAAlfA

9 Signs of distress, lack of proper lubrication, and wear of individual coupling parts should be
consideredCS3i LJ2 2 NXp €

1 Loosenesscracked keywaysyr damage that appears likely to result in faguof the coupling
should be code€€S41 & SPS NB d ¢

3.6 REDUCERS

Reducers are enclosed gear sets that are mounted with shafts and bearings in dust proof, oil tight sealed
housings. The assembly is generally referred to as a "speed reducer."

Speed reducers are unigue Movable Bridge Elements as such they are given a unique ADE designation
number, and each speed reducer is given an independent Condition State (CS) Rating. Speed Reducers
should be inspected and any notes including deficienciesilshbe recorded underneath the Movable

Bridge Element ADE Number shown below.

El. No. Element Name
841 Speed Reducers

Reducers enclose gearing and bearings from debris. Their internal components are lubricated through an
oil bath and/or pump system. Reducer bearings supporting the shafts are typically ball or roller type. Older
reducers may have sleeve bearings supportirgshafts.

Reducers have provisions for replenishing the lubricant without disassembly of the unit, and sight gauges
or dip sticks to allow maintenance and inspection personnel to confirm the lubrication level.
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Figure 312: Reducer sight glass and dip stick.

Seals are installed around each shaft extension to prevent foreign matter from entering the housing and
to prevent oil from leaking out. These seals require some lubricant or grease between the seal and the
shaft to avoid rapid seal wear, as such some sarabunt of lubricant around the shaft/seal interface is
normal.

FelEEERTL

Figure 313: Evidence of oil leaking past seals in a primary reducer, should be codgmb@88ue to lubrication
defect
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Breathers should be installed to allow clean dry air to move in and out of the housing to prevent a pressure
differential between the inside and outside of the housing due to temperature changes caused by
operation, and or ambient conditions. Silica dearcfilters are common and should be replaced when

the color has changed from blue to pink. Without breathers in place, this pressure differential has the

potential to rupture shaft seals.

Figure 314: Silica breather filter.

Figure 315: Internal gearing of a primary reducer
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