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MECHANICAL STUDY

1 EXECUTIVE SUMMARY

A mechanical inspection of the Memorial Bridge was performed on May 27th, 28th, June 4th,
and October 15% of 2009. A visual inspection of all main span mechanical systems was
performed including all operating machinery, operating ropes, counterweight ropes, live
load bearings and span guides. Measurements were taken on the gearing, deflector and
counterweight sheaves, operating drums, operating ropes, and counterweight ropes as well
as select counterweight rope tension measurements to assess the condition of the
mechanical systems. The design alternatives presented attempt to improve the design of
the bridge machinery and provide an expected useful operating life of 25 years. Three
levels of rehabilitation scope were considered, described as follows: (1) Minimum
Rehabilitation which address safety and reliability issues, and should be resolved in a timely
manner, (2) Moderate Rehabilitation which will further increase the life and reliability of
the mechanical systems. (3) Major Rehabilitation which provide the maximum level of
reliability and safety as per modern design standards. Recommendations for each level of
rehabilitation are presented in Section 5.

2 DESCRIPTION OF SYSTEMS

The Memorial Bridge is a span driven vertical lift span with single level deck. The bridge
carries US Route 1 between the towns of Portsmouth, NH and Kittery, ME.

The operating machinery on the span consists of two main motors driving a central parallel
shaft reducer. The parallel shaft gear box has two outputs which drive two sets of operating
rope drums. The reducer is connected to each drum assembly via floating shafts. Thruster
type motor brakes are mounted on each of the two input shafts of the reducer. Additional
electro-magnetic disc brakes are mounted on shaft back stops opposite of the electric motor
input shafts. A Liquid Propane Gas {(LPG) backup motor is also mounted off of one of the
electro-magnetic disc brake back stop shafts. The LPG motor is connected to the shaftviaa
clutch coupling and right angle gear reducer. The LPG motor is intended for emergency use
when the electric motors are not available.

The operating rope drum assemblies consist of two operating drums driven by a pinion gear
engaging a rack gear on each drum. The operating rope drums are wrapped with the up-
haul and down-haul operating ropes. The operating rope drums rotate and play out or reel
in the operating ropes during operation of the movable span. The opposite ends of the
operating ropes are connected to fix points on the approach spans via ropes take-ups at
roadway level and at the top of the towers.

The counterweight system for the movable span consists of two counterweights, one in each
tower connected to the span via a series of counterweight ropes supported over sheaves
mounted in the approach span towers. There are four counterweight rope sheaves, one in
each corner of the movable span. The counterweight sheaves are supported on trunnion
shafts by plain bearings. The counterweight rope connections at the counterweight have no
means of adjusting the rope tensions and they are connected to the counterweight via a
large equalizing device. The counterweight ropes are connected to the span via take-ups
which allow adjustment of the rope tensions. Each counterweight has guides which engage
rails along the length of the tower to ensure the position of the counterweight during travel.
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The movable span has features in the form of span guides, and centering devices located on
either end of the span to ensure proper position of the span while both moving and seated.
The main movable span also has live load shoes in each corner to transfer the live load on
the movable span to the rest piers.

3 INSPECTION APPROACH AND METHODOLOGY

A visual inspection of all main span mechanical systems was performed. This included
operating machinery, operating rope system, counterweight rope system, live load bearings,
and span guides. Various other measurements were taken to help assess the condition of
the mechanical systems. Gear tooth thickness was measured using a gear tooth caliper and
backlash was measured using feeler gages on all open gearing. Physical dimensions such as
the rope diameter and lay length were measured using calipers on both the operating ropes
and the counterweight ropes. Machinery bearing clearances and counterweight rope
equalizer pin clearance were measured using feeler gages. Lastly, the rope tensionina
random selection of counterweight ropes in each corner of the movable span was tested
using the American Bridge method. The check of the counterweight rope tensions helped to
assess the functionality of the counterweight rope equalizer.

4 INSPECTION FINDINGS

4.1 Operating Machinery:

In general the operating machinery is in good condition despite the age of the some of the
components. With the exception of the operating drum racks and pinions, the machinery is
in need of only minor to moderate attention. Despite these conditions it should still be
noted that the age of the machinery makes it more susceptible to failure as well as reduces
the likelihood of available replacement parts. The condition of other components of the
movable span, such the condition of the movable span and the operating ropes also has a
great effect on the course of action directed for the operating machinery.

4.1.1 Motors, Brakes, and Mounting:

The movable span is driven by two electric motors and braking is performed by a pair of
thruster brakes and a pair of electro-magnetic disc brakes. All of these devices are in good
condition. No mechanical rehabilitation work is suggested for the span drive motors. The
motors shall be replaced in the moderate and major rehabilitation alternatives; further
discussion is presented in Section 4.4 of Electrical Study. There would be some minor
mechanical work related to the mounting and alignment of the motors in both the moderate
and major alternatives. The following is the name plate information from the motors and
brakes:

Westinghouse Motor

Style: 76F52585(North Motor), 76F525586 (South Motor)
Serial#: 1S-77

581-Z Frame

460 Volts, 163 Amps, 3Phase 60 Cycle

354 Rotor Volts, 141 Rotor Amps

Rated 100% load for 1 hour, 80°C rise

Max Values: 100 HP, 585 RPM, 2760 Ft.lb

Thruster Brake

Scoping Study for the US 1 Over the Piscataqua River, Page M-2
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General Electric Brake

Model: IC 9516-466T

Catalog: 011EB143

Max Torque: 1600 ft.lb

Min Torque: 60 ftlb

Spring Length for 1600 ft.lb: 6 13/16"
230/460 Volts, 3 Phase 60 Cycles
17/8” Stroke

Electro-magnetic Disc Brakes

No Manufacturer’s Nameplate Information
Design Torque Rating Each: 700 ftlb

Despite the good condition of the thruster brakes, it should be considered that the brakes
are obsolete GE brakes and are no longer commercially available products (See photo M-1).
Acquisition of spare or replacement parts may not be readily available in the event that any
of the brake components fail. Minor work on the thruster brakes would consist of leaving
the thruster brakes as is, considering their acceptable condition. The moderate and major
work on the thruster brakes would be a complete replacement of the entire thruster brake
with a new thruster brake of the same capacity.

The electro-magnetic disc brakes are in similar condition and situation as the thruster
brakes (See photo M-2). The electro-magnetic disc brakes function properly but are of an
outdated model and may suffer from a lack of availability of replacement parts. Another
issue presented by the electro-magnetic disc brakes is that they are of a lesser capacity than
the thruster brakes and bridge staff have indicated that they have had issues in the past
related to the use of the electro-magnetic brakes in stopping the movable span.

The current brake arrangement also does not meet the requirements of the AASHTO
movable bridge design code (2008 ed. 5.6.1) which states that mechanically operated
bridges shall utilize two sets of brakes. One set, the motor brakes, shall be located on the
motor input shaft. The other set of machinery brakes, shall be located as close to the
operating ropes as possible. Ideally, one of the existing sets of brakes should be moved
closer to the operating rope drums to be compliant with the recommendation of the
AASHTO movable bridge design code. Practically, this course of action is not feasible given
then existing machinery layout. A brake moved closer to the driving pinion would be of
significantly greater capacity and cost. The available space in the machinery room also
prohibits the placement of a significantly larger brake.

A similar course of action as the thruster brake is recommended for the electro-magnetic
disc brakes. The minor and moderate rehabilitation alternatives assume no corrective
action for the mechanical work on the electro-magnetic disc brakes. The major
rehabilitation work assumes a complete replacement of the electro-magnetic disc brakes as
part of the total replacement of the movable span.

All of the rehabilitation work on the motors and brakes need to be coordinated with the
electrical rehabilitation work in Section 4, of Electrical Study.
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4.1.2 Reducers and Back-up Motor:

There are two reducers in the operating machinery. The primary reducer is a quadruple
input, double output parallel shaft reducer with the following name plate information:

Ratio: 31.4:1
235 HP @ 580 RPM

The primary reducer drives the operating rope drum and is driven by the electric motors
and the LPG backup engine. The auxiliary reducer is a right angle, single input, single
output reducer with the following nameplate information:

Ratio 11.4:1
101 HP @ 1600 RPM

The overall condition of both of these reducers is good and there are only a few minor
maintenance issues which need to be addressed. Both reducers suffer from moisture
intrusion into the interior of the housing (See photo M-3) and would benefit from the
installation of a desiccant style breather. All rehabilitation alternatives with the exception
of the major work alternative should include maintenance level work for the reducer. The
major work alternative would include complete replacement of the reducers as part of the
replacement of the entire movable span.

It should also be noted that during operation of the span, the backlash between the gear
teeth would allow the gears inside the primary reducer to hammer against each other at an
abrupt stop of the span. Although this is not a deficiency of the reducer, it is a deficiency of
the operating machinery system and should be corrected to provide less abrupt stop of the
span from the braking system. This corrective action would be considered incidental to the
brake rehabilitation work, regardless of the alternative.

The Liquid Propane Gas (LPG) back-up motor and clutch was also visually inspected and
observed during testing of the emergency drive. A clutch connects the LPG back-up motor
to the auxiliary right angle reducer. Based on observation of the clutch and conversation
with the bridge staff it was determined that the transmission leaks oil (See photo M-4). It
was also noted that the clutch emitted a loud screeching noise during testing of the LPG
back-up motor. Given the age of the LPG motor it is recommended that in the minor and
moderate alternatives, the motor should be rebuilt. As part of the minor and moderate
alternatives it is also suggested that the LPG back-up motor transmission and clutch be
replaced. In the major alternative the LPG back-up motor and transmission will be replaced
by other means of emergency operation power. Further discussion on the replacement of
the LPG back-up motor is presented in Section 4 of Electrical Study.

4.1.3 Shafts and Couplings:

The shafting and couplings between the drive motors, gear reducers, and pinions are of
various sizes and types. Overall all shafts and couplings are in good condition. Most shafts
and couplings only have paint related deficiencies (See photo M-5). It should be noted that
the motor couplings C1 and C2 are gear type couplings (See photo M-6) and do not meet the
recommendation of the AASHTO movable bridge design code (2008 ed. 6.7.9.3). According
to the code motor coupling are to be grid style coupling for the connection of motors to
other machinery. Several additional instrument drive couplings were identified in the
inspection which was not mentioned in previous documents, see appendix A for a
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machinery diagram showing the location and designation of these additional couplings. It
was noted during inspection that the instrument drive coupling off the northwest operating
drum, identified as coupling C-11 for the purpose of this report, may have a loose hub which
does not fully engage the center spider of the coupling (See photo M-7).

Minor maintenance and painting are recommended for the minor rehabilitation alternative.
Itis recommended that the motor couplings be replaced with the appropriate grid style
couplings in addition to the maintenance work for the moderate rehabilitation alternative.
Finally, all couplings and shafts are to be replaced as part of the major work alternative.

4.1.4 Bearings:

The operating machinery bearings consist of a several sets of bearings in the operating
drum frames that support the pinion shafts and operating drum shafts. These bearings are
plain type bearing with split bushings and housings. In general the bearings have only
minor maintenance related deficiencies; however several have wear beyond the standards
for clearance (See photo M-8). A table of bearing clearance field measurements can be
found in appendix C. Itis important to maintain proper bearing clearances such that
couplings and gear sets are not damaged by excessive shaft movement and vibration under
load.

The minor and moderate rehabilitation alternatives for the bearings will require minor
work to ensure the expected design life. The major rehabilitation alternative will include
the complete replacement of the bearings.

4.1.5 Rackand Pinion:

The rack and pinions are used to drive the main movable span via the operating rope
drums. Each pinion shaft drives two operating drums where each drum has its own rack
gear mounted on the drum. The rack and pinions are the original installation on this bridge.
The gear teeth show significant wear in all the open gear sets of the movable span (See
photo M-9 &10). This poor condition of the gear teeth indicated that all of the rack and
pinions are nearing the end of their service life and should be replaced. A table of gear
tooth measurements can be found in appendix C. In all rehabilitation alternatives the rack
and pinion gears should be replaced.

4.1.6 Operating Drums:

A single operating rope drum assembly consists of two operating drums wrapped with the
up-haul and down-haul operating ropes. The operating drums were visually inspected and
measurements of the rope grooves were performed to quantify the wear of the rope
grooves. All exposed operating rope grooves were measured and found to have no
appreciable wear. According to the plans the operating rope drums have a pitch diameter of
36 inches for a 1” diameter operating rope. This ratio of sheave pitch diameter to rope
diameter is unacceptable according to the AASHTO movable bridge design code (2008 ed.
6.8.3.1.3). Further discussion on the impacts of the diameter ratio and its affects on the
operating rope life will be discussed in section 4.2.3. Maintenance cleaning and painting are
recommended for the minor and moderate rehabilitation alternatives. The operating rope
drums will be replaced in the major rehabilitation alternative.

4.1.7 Instrument Drives:

The only externally mounted instrument drive is a chain and sprocket arrangement
mounted off of the northwest operating drum shaft. The sprocket drive is in good
condition and does not require any rehabilitation work, No rehabilitation work shall be
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performed on the instrument drives as part of the minor rehabilitation option. The
instrument drive will be replaced in both the moderate and major rehabilitation
alternatives.

Field limit switches are also located exterior to the operator house and operating
machinery. Over travel and fully open limited switches are located in the towers and span
seated limit switches are located on the rest piers. All of these switches are driven by the
rehabilitation alternatives presented Section 4.8, of Electrical Study. No work shall be
performed in association with the span seated limit switches. The over travel and fully
open limit switches shall be replaced in all rehabilitation alternatives. The mechanical work
to mount the new switches shall be included in all rehabilitation alternatives.

4.2 Operating Ropes:

The operating ropes are divided into two types of ropes, and are of the same construction.
Uphaul ropes wind around the operating drums and are strung along the span supported by
the operating ropes guides. The uphaul ropes bend around the deflector sheave and run up
to the top of the tower spans where they are connected to the tower span by the operating
rope take-ups. The downhaul ropes follow the same path as the uphaul ropes except that
then bend around the deflector sheaves and run down to the roadway deck level and are
connected to the tower span by operating rope take-ups. The operating rope system as a
whole suffers from a variety of minor deficiencies throughout the system, but performs as
intended. One of the major issues with the system is an outdated design which does not
conform to current standards regarding rope and drum/sheave geometry.

4.2.1 Operating Ropes:

The operating ropes are 1” diameter Improved Plow Steel (IPS) 6x25 filler wire
construction with a fiber core. Each rope has an open spelter socket at the end connected to
the operating rope take-ups. The ropes were found to be in good condition with a few
minor deficiencies related to corrosion and light wear identified during the inspection.
According to past reports, some of the ropes are relatively new, having been replaced in
2001. It was noted that during operation of the span that the operating ropes rubbed
against each other and even transposed position when the span was stopped and the
operating ropes went slack. This condition shows that there is excessive slack in the wire
ropes caused by the stretching of the operating ropes. The cause of the rope stretch shall be
discussed further in section 4.2.3 in relation to the rope guides and sheaves. It was also
noted that there was a kink in the East northeast uphaul rope just before the double rollers
when the span was approximately 1/3 open position. The kink in the rope was visible when
the load on the rope was relieved and the rope went slack (See photo M-11). Sucha
deficiency is grounds for replacement of the rope and the defect should be monitored while
the wire rope is still in service.

In the minor rehabilitation work the operating ropes should have their tension checked and
adjusted at the take-ups as needed. The moderate rehabilitation work includes the
replacement of the kinked northeast uphaul rope in addition to the tensioning of the
operating ropes. Major rehabilitation of the operating ropes would be complete
replacement of the operating ropes as a result of the replacement of the entire movable
span. This major rehabilitation would include bringing the operating rope system up to
current standards.
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4.2.2 Operating Ropes Take-ups:

The operating rope take-ups consist of a threaded rod with an eye on one end that is pinned
to the open socket end of the operating rope. The threaded rod runs through a structural
support on the tower and double nuts are used to adjust the tension on the rod. Generally
the take-ups are exposed to elements and have varying levels of corrosion on their outer
surface. No significant wear was noted on any of the take-ups. It is recommended that the
take-ups be cleaned and painted in the minor work alternative. All other alternatives will
have the take-ups replaced same-in-kind.

4.2.3 Guide Rollers and Deflector Sheaves:

Various size guide rollers and sheaves are used to support and guide the operating ropes
along the truss of the movable span. In general these rollers and sheaves show signs of
measurable wear and corrosion. In some cases, some of the rollers did not turn during the
operation of the movables span and allowed the operating ropes to slide over them. Most of
the intermediate deflector sheaves showed sign of wear in the rope grooves. These rollers
showed further evidence of the poor operation in the form of groves and scoring over the
outer diameter of the rollers caused by contact with the operating ropes (See photo M-12).

In addition to the known deficiencies with the rollers and sheaves there is an inherent
design feature of these devices which does not meet the AASHTO movable bridge design
code (2008 ed. 6.8.3.1.3). Similar to the design of the operating rope drums, the guide
rollers and deflector sheaves have an unacceptable pitch diameter to rope diameter ratio.
Guidelines for the diameter ratio are presented to reduce known stress and wear due to
bending the wire ropes over the sheave and to increase the serviceable life of the rope. The
original design of the drums, sheaves, and rollers has subjected the operating ropes to
higher than recommended stress which has resulted in the premature elongation of the
operating ropes. The elongation of the operating ropes is the cause of the excessive slack of
the ropes witnessed in the operation of the movable span. The additional stress will also
reduce the service life of the operating ropes.

As part of the minor rehabilitation of the guide rollers and deflector sheaves, all rollers
should be replaced and all sheaves should be cleaned and painted. The moderate
rehabilitation includes the replacement of all rollers and sheaves. The major rehabilitation
includes the replacement of all operating drums, sheaves and rollers with improved pitch
diameter equivalents. It is recommended that the pitch diameter of these components be
increased to at least 45"for a 1” diameter operating rope. If the arc of contact between a
deflector sheave and the rope is less than 45 degrees a pitch diameter of 26” fora 1”
diameter operating rope is acceptable.

4.3 Counterweight Assemblies:

The counterweight assemblies on the main movable span do not shown significant
deterioration of condition from the previous report. The counterweight assembly
components are a mix of the original installation and new components installed through
various rehabilitation contracts over the years. As noted in previous inspections the
counterweight equalizing assemblies creak during the operation of the movable span. The
noise was most notable on the south counterweight equalizing assemblies, but the
maintenance staff noted that this side was due for lubrication which had not been
performed yet.

A limited investigation of the rope tensions was performed at return site visit in October.
The American Bridge method of checking rope tensions was used on a random selection of
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ropes in all four corners of the movable span. Six ropes were randomly selected in each
corner of the movable span. The resulting calculated rope tensions show that the rope
tensions do vary significantly for the ropes selected. The worst case variation occurred in
the northwest corner of the bridge where the highest varying rope was 13.29% above the
mean tension and the lowest varying rope was 17.15% below the mean tension. The
Southwest corner exhibited the least amount of variation where the highest varying rope
was 9.36% above the mean tension and the lowest varying rope was 6.26% below the mean
tensions. The variation of the rope tensions does not meet the industry acceptance criteria
of 2 ¥ % variation between individual ropes, as interpreted from AASHTO (1988 ed. 4.1.6).
The summarized rope tensions for each corner can be found in appendix C.

4.3.1 Counterweight Sheaves and Bearings:

There are 4 sets of counterweight sheaves and bearings for the main movable span, one in
each corner of the span. The counterweight sheaves and bearings carry the entire weight of
the movable span, counterweight and counterweight ropes. The counterweight sheaves are
steel castings with machined rope grooves. The counterweight sheaves are supported by
plain style trunnion bearings with bronze bushings.

During operation of the movable span it was noted that there was an intermittent banging
noise coming from the Northwest counterweight sheave. Such noise is usually associated
with a difference in the tension of the counterweight ropes in that corner of the span.
Further discussion on the tension of the counterweight ropes will be presented later in
section 4.3.2. The counterweight sheave rope grooves were checked for wear with the
appropriate sized gauge, and no significant wear was found. The report of significant wear
in the first groove the southwest sheave could not be confirmed. The crack in the outboard
web of the NE sheave was confirmed and showed no additional growth since the previous
inspection (See photo M-13). The condition of the trunnion shaft journal and transition
radius could not be assessed at the time of the scoping inspection. The trunnion bearings
were not disassembled. The trunnion bearings were visually inspected and clearance
measurements were taken. A table of bearing clearance field measurements can be found in
appendix C. Previous inspections noted scoring and wear of the trunnion shaft journals
when the trunnion bearings were disassembled. It is assumed that these conditions have
not significantly changed since the last inspection. The only other deficiencies the
counterweight sheaves, bearings, and trunnion shafts are minor maintenance deficiencies
related to paint failure and surface corrosion.

Several options are possible for the rehabilitation of the counterweight sheave deficiencies.
The least costly approach would be to perform no action on the counterweight rope grooves
and allow the grooves to wear further. This approach will most likely not affect the service
life of the sheave itself, but will create accelerated wear on the counterweight ropes. This
wear on the counterweight ropes would be regardless of whether the existing ropes or new
ropes are installed. The moderate rehabilitation alternative would address any of the
deficiencies previously noted with trunnion shaft journal. The alternative would skim cut
the counterweight trunnion shafts to as slightly smaller diameter. The machining would
remove potential surface deficiencies and reduce the acceleration of the wear between the
trunnion shaft and the trunnion bushings. This option is only available if an analysis of the
trunnion shaft, bearings and sheave show that the reduced shaft section can accommodate
the current stresses and still meet the requirement of current movable bridge code. This
analysis is outside of the scope of this report and should be performed prior to
consideration of the moderate rehabilitation alternative. Finally, the major rehabilitation
alternative would be a complete replacement of the counterweight sheave. The major
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rehabilitation alternative is the most costly option, but it also guarantees the desired design
life for the counterweight sheave.

Regardless of the work performed on the counterweight sheave in the first two options, the
trunnion bearings should be cleaned and painted with an inspection of the trunnion shaft
journal. If the counterweight sheave is to be replaced, then the bushings in the trunnion
bearings should also be replaced.

4.3.2 Counterweight Ropes and Connections:

The counterweight ropes are 1 5/8” diameter Improved Plow Steel (IPS) 6x25 filler wire
construction with a fiber core. Each rope has an open spelter socket at both ends to connect
to the counterweight and the movable span. The counterweight ropes are connected at the
movable span via threaded bar rope take-up mounted in steel structural supports. The
counterweight ropes are connected to the counterweight via an equalizing device consisting
of a collection of bars and pins that bring the connection of the counterweight ropes down
to a single pin connection at the counterweight. During inspection of the counterweight
ropes it was noted that there were new ropes installed in both the northwest and southwest
corners of the movable span. It was later confirmed that the ropes were replaced as part of
a rehabilitation contract in May of 2008,

During a previous inspection it was noted that several broken wires were found at the
tangent point of the counterweight ropes on the span side of the counterweight sheaves in
the northwest corner. The current inspection did not operate the movable span to confirm
this condition and could not verify the condition of the broken wires. Lay length and rope
diameter measurements were taken from on top of the movable span truss at the span
connection of the counterweight ropes, a table of values can be found in appendix C. In
general the rope lay length and diameter measurements were found to be acceptable. The
wire ropes were found to be in good condition other than the broken wires noted in the
previous report.

The counterweight rope connection at the movable span was visually inspected and only
minor deficiencies related to paint and surface corrosion were noted.

The counterweight connection at the counterweight and the equalizing device was visually
inspected. Where possible, the clearance at the equalizing device pins was measured and a
table of measurements is presented in appendix C. The worn clearances between the pins
and bars of the counterweight equalizing device have not increased since the previous
inspection (See photo M-14).

As noted previously, the counterweight rope unequal tensions are the most serious problem
with the counterweight ropes and will affect the remaining effective service life of the
counterweight ropes. The unequal rope tensions also suggest along with the creaking noise
emitted from the equalizing device on the counterweight, that the equalizing device is not
working properly and that some of the plate and pin connections may be seized.

The visual inspection of the ropes did not identify any serious surface or construction
deficiencies with the counterweight ropes. Maintenance and lubrication of the
counterweight ropes appeared to be adequate.

Three different levels of rehabilitation work are possible for the counterweight ropes and
connections. Minor rehabilitation should consist of cleaning and painting all counterweight
rope connection and adjusting the tension of counterweight ropes. The moderate
rehabilitation includes the replacement of all remaining counterweight ropes along with the
cleaning and painting of the counterweight rope connections. Major rehabilitation of the
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counterweight ropes includes the replacement of all counterweight ropes and connections
to the movable span and counterweight. The equalizing device on used as the
counterweight connection would be replaced with a fixed type connection for each
counterweight rope.

4.3.3 Counterweight Guides:

The counterweight guides are located laterally on either side of the counterweight and
engage rails along the inside of the tower legs. The guides were not accessible to be closely
inspected. Given the condition of the guide rail and the fact that the guides did not seem to
be riding unevenly, the counterweight guides appear to be in good condition. Lubrication of
the counterweight guides and rails was found to be acceptable. It is recommended that the
counterweight guides be cleaned and painted in all rehabilitation alternatives.

4.4 Live Load Bearings And Span Guides
4.4.1 Live Load Bearings:

There are two live load bearings located at the corners of the span, on either end of the
span, at the rest pier. They consist of an upper bearing half on the movable span and a
lower bearing half mounted on the rest pier. The North live load bearings are expansion
bearing and the South live load bearings are fixed bearings. All of the live load bearings
were found to have only minor deficiencies, with no visible, significant wear (See photo M-
15). Regardless of the rehabilitation alternative, it is suggested that all of the live load
bearings be cleaned, painted and the lower half of the live load bearings be reset on the pier
with new anchor bolts.

4.4.2 Span Guides:

There are two sets of span guides located on either end of the span. The lower set is located
at the bottom chord of the truss while the upper set is located at the top chord of the truss.
All span guides engage a rail that runs along the inside of the tower leg. All of the span
guides were found to have only minor deficiencies (See photo M-16). During inspection it
was noted that the bolts for the wear plate on the Northwest lower span guide were loose
and should be tightened to prevent the wear pad from falling off (See photo M-17).
Regardless of the rehabilitation alternative, it is suggested that the span guides be cleaned,
painted, and the wearing plates be replaced same-in-kind.

4.5 Span Balance:

The span balance of the main movable span was not directly measured during the operation
of the span. Given information from the wear on the rack and pinion teeth, and amperage
readings recorded during operating it is assumed that the main movable span is span heavy
through the first half of the lift. After the first half of the lift, enough of the counterweight
ropes have shifted over to the counterweight side to create a counterweight heavy
condition. The Memorial Bridge does not have any provisions to offset the weight of the
counterweight ropes as the span travels from fully open to fully closed. No specific work is
recommended for the span balance. Span balance adjustment may be necessary if there is
significant structural work on the movable span that may change the overall weight of the
movable span.
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5 RECOMMENDATIONS

5.1 Minimum Rehabilitation:

1. Operating Machinery

a. Rehabilitate Primary and Auxiliary Reducers: new shaft seals, breather and,
paint housing,.

Replace the LPG back-up engine transmission and clutch.

Clean and paint bearings, shafts, and couplings.

Adjust bearing liners for proper bearing clearance.

Replace drum gears and pinion shafts.

Clean operating drum rope grooves.

Mounting of full open and over-travel limit switches.

@ o Ao o

2. Operating Ropes

Tension operating ropes.

Clean and lubricate operating ropes.

Monitor condition of Northeast uphaul rope.

Replace operating rope rollers.

Clean and paint operating rope deflector and intermediate sheaves.

e 0 o

3. Counterweight Assemblies

a. Clean, paint and lubricate counterweight rope equalizer.

b. Check and adjust counterweight rope tensions by working to free the
equalizing device.

c. Clean and paint counterweight guides.
Clean and paint counterweight sheave trunnion shaft bearings.

e. Clean counterweight sheave rope grooves.

4. Live load bearings and Span Guides

a. Clean, paint and replace anchor bolts for live load bearings.
b. Clean, paint and replace wear plates on span guides.

5. Span Balance

a. No expected span balance work.
5.2 Moderate Rehabilitation:

1. Operating Machinery

a. Mount and align new motors with new grid type motor couplings.
Mount and align new thruster brakes.

c. Rehabilitate Primary and Auxiliary Reducers: new shaft seals, breather and,
paint housing,

Scoping Study for the US 1 Over the Piscataqua River, Page M-11
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Replace the LPG back-up engine transmission and clutch.
Clean and paint bearings, shafts, and couplings.

Adjust bearing liners for proper bearing clearance.
Replace drum gears and pinion shafts.

Clean operating drum rope grooves.

PR e A

2. Operating Ropes

a. Replace damaged Northeast uphaul rope

b. Tension operating ropes.

¢. Clean and lubricate operating ropes.

d. Replace operating rope rollers, deflector sheaves, and intermediate sheaves.

3. Counterweight Assemblies

Clean, paint and lubricate counterweight rope equalizer.

Replace all remaining counterweight ropes.

Clean and paint counterweight guides.

Machine counterweight trunnion shaft journals and replace trunnion
bearing bushings.

e. Clean counterweight sheave rope grooves.

/e o

4. Live load bearings and Span Guides

a. Replace anchor bolts for live load bearings.
b. Replace wear plates on span guides.

5. Span Balance

a. No expected span balance work.

55| Major Rehabilitation:

1. Operating Machinery

Mount and align new motors with new grid type motor couplings.

Mount and align new thruster brakes.

Mount and align new primary reducer.

Install new bearings, shafts and couplings.

Install new operating rope drums with new pitch diameter, including rack
and pinion gears.

o Al o

2. Operating Ropes

a. Install new operating ropes.
b. Replace operating rope rollers, deflector sheaves, and intermediate sheaves.
New rollers and sheaves to have new pitch diameter.

Scoping Study for the US 1 Over the Piscataqua River, Page M-12
Memorial Bridge Report



New Hampshire Department of 'T'rénspc;rtation

3. Counterweight Assemblies

a. Replace all counterweight ropes.

b. Replace counterweight rope connections, including replacement of the
equalizing devices with a fixed connection for each counterweight rope.

¢. Clean and paint counterweight guides.

d. Replace counterweight sheaves, trunnion shafts, and trunnion shaft
bearings.

4. Live load bearings and Span Guides

a. Replace live load bearings.
b. Replace span guides.

5. Span Balance

a. Adjust span balance of counterweight with respect to new span.
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Appendix A

Machinery Diagram
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Appendix B
Photos
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Photo M-1: The thruster brakes are old style GE brakes and are no longer commercially
available products.
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Photo M-2: The electro-magnetic disc brakes are old and are no longer commercially
available products.
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Photo M-3: Both reducers suffer from moisture intrusion into the interior of the housing,.
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Photo M-4: The LPG back-up motor transmission leaks oil.

Photo M-5: Most shafts and couplings have paint related deficiencies.
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Photo M-6: It should be noted that the motor couplings C1 and C2 are gear type couplings.

Photo M-7: Coupling C-11 may have a loose hub which does not fully engage the center
spider of the coupling.
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Photo M-8: The machinery bearings have minor maintenance related deficiencies and in
most cases have wear beyond the standards for clearance.

Photo M-9: The gear teeth show significant wear in all the open gear sets of the movable
span, Southeast drum gear raise face shown.
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Photo M-10: The gear teeth show significant wear in all the open gear sets of the movable
span, West pinion gear raise face shown.

Photo M-11: There is a kink in the East, northeast uphaul rope at about the just before the
double rollers when the span was approximately 1/3 open position. The kink in the rope
was visible when the load on the rope was relieved and the rope went slack.
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Photo M-12: These rollers show evidence of groves and scoring over the outer diameter of
the rollers caused by contact with the operating ropes.

Photo M-13: The crack in the outboard web of the NE sheave was confirmed and showed no
additional growth since the previous inspection.

Scoping Study for the US 1 Over the Piscataqua River Page MB-9
Memorial Bridge Report



[ '
A ias /(.-l 171 4

New Hampshire Department of Transportation

Photo M-14: The worn clearance between the pins and bars of the counterweight equalizing
device have not increased since the previous inspection.

Photo M-15: All of the live load bearings were found to have only minor deficiencies, with
no visible, significant wear.

Scoping Study for the US 1 Over the Piscataqua River Page MB-10
Memorial Bridge Report



# [
Tl dal l’(.:l-ffl__.ﬂd’:l’ i

New Hampshire Department of Transportation

Photo M-16: All of the span guides were found to have only minor deficiencies such as paint
failure and corrosion.

Photo M-17: During inspection it was noted that the bolts for the wear plate on the
Northwest lower span guide were loose.
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Appendix C

Field Measurements
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Bearing Clearances:

Bearing Mark, Location Previous Measured Original Fit
Description Clearance Clearance Clearance

Northeast East N/A 0.035"" 0.015”
Trunnion Bearing

Northeast West N/A 0.055"" 0.015”
[Trunnion Bearing

Northwest East N/A 0.048"" 0.015”
[runnion Bearing

Northwest West N/A 0.035"" 0.015”
Trunnion Bearing
Southeast East N/A 0.023"" 0.015”
Trunnion Bearing
Southeast West N/A 0.007"* 0.015”
Trunnion Bearing
Southwest East N/A 0.035"" 0.015”
Trunnion Bearing
Southwest West N/A 0.037"* 0.015"
Trunnion Bearing

Bearing B1, East 0.022" No Measure 0.010"
inboard Pinion

Bearing B2, East N/A 0.008” 0.010"
outboard pinion

Bearing B3, West N/A 0.025”" * 0.010”
inboard pinion

Bearing B4 West N/A 0.006" 0.010”
outboard pinion

*Bearing clearance noted is between the trunnion journal and cap, not a running fit.
*Requires immediate attention.

Scoping Study for the US 1 Over the Piscataqua River Page MC-2
Memorial Bridge Report



Bearing Clearances (Cont.):

New Hampshire Department of Transpo_rtation

butboard drum

Bearing Mark, Location Previous Measured Original Fit
Description Clearance Clearance Clearance

Bearing B5, NE inboard 0.017” 0.020” 0.010”

drum

Bearing B6, NE N/A No Measure 0.010”

outboard drum

Bearing B7, SE Inboard 0.016" 0.017” 0.010”

drum

Bearing B8, SE outboard N/A No Measure 0.010”

drum

Bearing B9, SW inboard 0.022” 0.024” * 0.010”

drum

Bearing B10, SW N/A No Measure 0.010"

outboard drum

Bearing B11, NW N/A 0.025"* 0.010"

Inboard drum

Bearing B12, NW N/A No Measure 0.010”

*Bearing clearance noted is between the trunnion journal and cap, not a running fit.
*Requires immediate attention.
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Tooth Thickness
Pinion Gears measured at addendum = 0.662”
Drum Gears measured at addendum = 0.645”
Chordal Backlash
Gear Mark Previous Measured Previous Measured
Drum Gear 1.205” T-1.198" 0.110" 0.1137”
Northeast
M- 1.205”
H- 1.205”
East Pinion 1.205” T-1.093"
M- 1.092"
0.047" 0.114"
H-1.095”
Drum Gear 1.205" T-1.200"
Southeast
M- 1.204"
H-1.203"
Drum Gear 1.205” T-1.120" 0.069" 0.065”
Northwest
M-1.120"
H-1.190"
West Pinion 1.205” T-1.220"
M- 1.190”
0.047" 0.098”
H-1.200"
Drum Gear 1.205” T-1.184"
Southwest
M- 1.180"
H-1.184"
Scoping Study for the US 1 Over the Piscataqua River Page MC-4
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Counterweight Rope Measurements:
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Southwest Corner

Average Period Rope
Rope Number (seconds) Tension (1b) Deviation Lay Length Diameter
1 8.18 37157.41 8.76% No Measure No Measure
2 No Measure No Measure No Measure 10.800" 1.635"/1.638"
3 No Measure No Measure No Measure 10.569" 1.628"/1.639”
4 8.70 32869.96 -3.14% No Measure No Measure
5 8.30 36064.25 6.00% No Measure No Measure
6 No Measure No Measure No Measure 11.250” 1.632"/1.635”
7 No Measure No Measure No Measure 10.700” 1.635"/1.630”
8 No Measure No Measure No Measure No Measure No Measure
9 No Measure No Measure No Measure | NoMeasure | No Measure
10 No Measure No Measure No Measure 10.644” 1.631"/1.644”
11 8.38 35417.81 4.28% 10.700” 1.632"/1.634"
12 8.57 33818.51 -0.24% No Measure No Measure
13 No Measure No Measure No Measure No Measure No Measure
14 No Measure No Measure No Measure 10.495" 1.649"/1.647"
15 No Measure No Measure No Measure 10.850" 1.631"/1.634"
16 9.41 28075.44 -20.75% No Measure | No Measure
Average Tension (1b) 33900.56
Rope Layout at Lifting Girder:
2 4 6 8 10 12 14 16
N;oooooooo
OCO0OOO00OO00OO
1 35 7 9 11 1315
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Northwest Corner
Average Period Rope
Rope Number (seconds) Tension (lb) Deviation Lay Length Diameter
1 8.42 34896.38 6.07% 10.231” 1.649”/1.649"
2 No Measure No Measure No Measure No Measure
3 No Measure No Measure No Measure 10.744" 1.651”/1.651"
4 9.40 27979.56 -17.15% 10.770" 1.627"/1.635”
5 No Measure No Measure No Measure No Measure No Measure
6 No Measure No Measure No Measure No Measure No Measure
7 No Measure No Measure No Measure No Measure No Measure
8 No Measure No Measure No Measure 10.762" 1.638"/1.645"
9 8.53 34015.74 3.64% 10.824" 1.666”/1.758"
10 8.56 33817.70 3.07% No Measure No Measure
11 No Measure No Measure No Measure No Measure No Measure
12 No Measure No Measure No Measure 10.683" 1.634"/1.632"
13 No Measure No Measure No Measure 10.385”" 1.651"/1.664"
14 No Measure No Measure No Measure No Measure No Measure
15 8.11 37801.88 13.29% No Measure No Measure
16 9.37 28162.34 -16.39% 10.700" 1.624”/1.629"
Average Tension (Ib) 32778.93
Rope Layout at Lifting Girder:
2 4 6 8 1012 14 16
N?OOOOOOOO
O00000O0O0
1 3 5 7 9 11 1315
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Southeast Corner
Average Period Rope
Rope Number {(seconds) Tension (1b) Deviation Lay Length Diameter
1 8.09 37971.25 9.36% No Measure | No Measure
2 No Measure No Measure No Measure No Measure | No Measure
3 8.77 32389.42 -6.26% No Measure | No Measure
4 No Measure No Measure No Measure No Measure | No Measure
5 No Measure No Measure No Measure No Measure | No Measure
6 8.59 33892.58 -1.55% No Measure | No Measure
7 No Measure No Measure No Measure No Measure | No Measure
8 No Measure No Measure No Measure No Measure | No Measure
9 No Measure No Measure No Measure No Measure | No Measure
10 8.46 34655.74 0.69% No Measure | No Measure
11 8.51 34354.10 -0.18% No Measure | No Measure
12 No Measure No Measure No Measure No Measure | No Measure
13 No Measure No Measure No Measure 10.800" 1.630"/1.631"
14 No Measure No Measure No Measure 11.113” 1.636”/1.640"
15 No Measure No Measure No Measure 10.985” 1.628"1.642"
16 8.64 33236.05 -3.55% 10.770" 1.635"/1.632"
Average Tension (lb) 34416.52
Rope Layout at Lifting Girder:
2 4 6 8 1012 14 16
" ‘ O0O00OCO0OO0O
CO0OOQ0O0O0OO0O
1 35 7 9 11 1315
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Northeast Corner

Average Period Rope
Rope Number (seconds) Tension (1b) Deviation Lay Length Diameter
1 No Measure No Measure No Measure 10.760" 1.626"/1.634"
2 9.18 29478.99 -11.11% 10.670” 1.630"/1.640"
3 8.59 33627.89 2.60% 10.911” 1.634”/1.640"
4 9.16 29664.36 -10.42% 10.687" 1.630"/1.651"
5 No Measure No Measure No Measure No Measure | No Measure
6 No Measure No Measure No Measure No Measure | No Measure
7 No Measure No Measure No Measure No Measure | No Measure
8 8.67 33.35.57 0.85% No Measure | No Measure
9 8.31 35935.17 8.85% No Measure | No Measure
10 No Measure No Measure No Measure No Measure | No Measure
11 No Measure No Measure No Measure No Measure | No Measure
12 No Measure No Measure No Measure No Measure | No Measure
13 No Measure No Measure No Measure No Measure | No Measure
14 No Measure No Measure No Measure No Measure | No Measure
15 8.46 34786.97 5.84% No Measure | No Measure
16 No Measure No Measure No Measure No Measure | No Measure
Average Tension (lb) 32754.82
Rope Layout at Lifting Girder:
2 4 6 8 1012 1416
" * O000C0000
00000000
1 3 5 7 9 11 1312
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Operating Rope Measurements:

Rope
Rope Location Lay Length Diameter
Northwest No Measure No Measure
Southwest
Raise East 12.830” 1.018”
Raise West 12.660” 1.025”
Lower East 13.087” 1.012”
Lower West 13.085” 1.025”
Northeast No Measure No Measure
Southeast
Raise East 12.780” 1.031”
Raise West 12.700” 1.014"
Lower East 12.800” 1.028”
Lower West 13.085”" 1.024"

Counterweight Rope Sheave Groove Measurements:

All Grooves Measured with 1 5/8” + 3/64” Guage

Groove Number Northeast Northwest Southeast Southwest
1 Worn Worn Worn Worn
2 Worn Worn Worn Worn
3 Worn Worn Worn Worn
4 Worn Worn Worn Worn
5 Worn Worn Worn Worn
6 Worn Worn Worn Worn
7 Worn Worn Worn Worn
8 Worn Worn Worn Worn
9 Worn Worn Worn Worn

10 Worn Worn Worn Worn
11 Worn Worn Worn Worn
12 Worn Worn Worn Worn
13 Worn Worn Worn Worn
14 Worn Worn Worn Worn
15 Worn Worn Worn Worn
16 Worn Worn Worn Worn

Scoping Study for the US 1 Over the Piscataqua River
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Counterweight Rope Equalizer Pin Clearance Measurements:
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*Measurements of pin clearance were only possible at the tertiary level pins

Groove Number Northeast Northwest Southeast Southwest
D 3/4" 3/16“ 3/8" 3/8"
E 0.069" No Measure No Measure No Measure
F No Measure 0.085” 0” 0"
G 9/16" 1/2" 0.135” 0”

*

Pin Naming Convention:

!
VIEW F-F

Scoping Study for the US 1 Over the Piscataqua River
Memorial Bridge Report
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New Hampshire Department of Transportation

Appendix D

Field Inspection Sheets
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ELECTRICAL STUDY

1 EXECUTIVE SUMMARY

The Memorial Bridge Movable Span Electrical facilities were inspected on May 27t and 28th
of 2009. The electrical inspection team examined all the accessible components of the
bridge electrical and control systems. The bridge electrical system was found to be nearing
the end of its reliable service life and many of the system components have become obsolete
with unavailable spare parts. Three levels of rehabilitation scope were considered,
described as follows: (1) Minimum Rehabilitation which represents the minimum repair
recommendations required to resolve the findings that affects the bridge reliability and
general public and maintenance staff safety and should be resolved in a timely manner, (2)
Moderate Rehabilitation which represents repair recommendations that will further
increase the electrical and control system reliability, (3) Major Rehabilitation which
represents repair recommendations that will make the bridge electrical and control
systems very safe and reliable as per the current design standards. Recommendations for
each level of rehabilitation are presented in Section 5.

2 DESCRIPTION OF SYSTEMS

This bridge is a span drive vertical lift bridge that carries a single roadway deck of US Route
1 between the towns of Portsmouth, NH and Kittery, ME.

The bridge is manned 24/7 year round and is operated from the machinery control house
located on the top of the movable span. A gate tender is stationed on each end of the bridge
to manually operate a pair of structural steel swing gates. In addition to the manually
operated gates, there are two remotely operated warning gates located at the abutments.
There are curtain style barrier gates located at the approach spans. The barrier gates are
abandoned in place. The remote operated gates are controlled from the gate tenders house
near each abutment.

The utility power feeder is supplied from the south end of the bridge from Portsmouth, NH.
The power is transferred to the movable span thru vertical catenaries on the south tower.

Bridge back up power is supplied through a diesel two cylinder Onan, air cooled propane
generator to run the hotel loads and a propane operated motor is used to lift the movable
span in case of a power failure. A pair of magnetic DC brakes powered off the propane
motor DC system is used for braking during the emergency bridge operation. There is no
backup power for the gates. The heat rejected from the engines is rejected into the control
house. Doors are opened on each end to allow the heated air to escape. The propane tanks
are located at the roadway level in a fenced enclosure.

Two 100HP motors with a single SCR thyristor drive are used to operate the span. Both
motors are controlled by the same drive and they are both required to run in order to lift
the span. An over speed switch and a tachometer generator are installed on the back end of
each motor to provide the feedback required by the drive. The tachometer is switch selected
providing redundancy.

There are no span locks on the bridge. The operator pulls tension on the downhaul ropes
and then applies the brakes to hold the span closed.
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Other ancillary systems such as navigation, access and egress lighting are located at various
locations about the bridge.

The bridge electrical and control system was found to be operational but the reliably of the
system is questionable. Some of the system components have become obsolete. Finding a
retrofit replacement in an emergency situation may be challenging and require an extended
period of operating with the backup engine. The components most susceptible to failure
with prolonged outage are the brake thrusters, thyristor drives and the rotary cam limit
switch.

3 INSPECTION APPROACH AND METHODOLOGY

A visual inspection of the bridge electrical and control systems components was conducted.
All the accessible cabinets and enclosures were opened and inspected. Tests consisting of
insulation resistance and load current measurements were also conducted. Tests were
performed to highlight areas that could be problematic towards the continued safe and
reliable operation of the bridge as well as its effectiveness in supporting both roadway and
marine traffic operations.

4 INSPECTION FINDINGS

4.1 Main Electric Service

There is one utility feeder supplying power to the bridge from Portsmouth NH at the south
end of the bridge. The system voltage is 480/277V three phase. A separate feed supplies the
equipment at the north tower and equipment on the approach span from Kittery, Maine.
The main service disconnect switch for the bridge is located on the south abutment and
feeds power to the exposed bare bronze catenaries on the face of the tower. The power is
then transferred to the movable span through spring loaded bronze rollers that are in
contact with the catenaries, these rollers remain in contact with the catenaries as the span
is moving. The main disconnect switch does not have the clearance required to safely access
or operate the switch. Any rehabilitation should include the relocation of the disconnect to
a new location that meets NEC code for clearances around electrical equipment.

The catenaries are problematic since they are an electrical hazard to trespassers, or
authorized persons performing maintenance or inspection on the bridge. The catenaries
also ice up in the winter. Local switching is required to provide heating power from the
deicing transformers that are installed on the tower at the south end of the bridge at the top
chord of the truss to melt the ice (See photo E-1). This process must be performed in the icy
environment that has an elevated risk of accidents for the maintenance and operation crew.
As a part of a moderate or major rehab the catenary system should be replaced with a droop
cable system. The droop cable system will require less maintenance, enhance the reliability
of the electrical system and minimize the risk of accidents. Installing droop cables on both
towers would provide the means for the gates and traffic signals to be powered from the
emergency generator. The droop cables shed any ice accumulation as they flex when the
span is moved.

4.2 Back up Electric Service

The back up power is provided from an air cooled 4KW two cylinder Onan propane fired
engine generator set. This generator is sized to supply back up power to some of the hotel
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loads in the machinery and control room that are powered normally from a branch circuit in
the 120/208V lighting panel. The loads include the span height indicator. None of the
normal bridge control devices are powered from this engine. An Automatic Transfer Switch
(ATS) is used to switch the branch circuit when the main power feed is lost or catenary
deicing is required. All the bridge hotel loads on the single branch circuit are connected
directly to the load side of the ATS. The ATS is an obsolete model that uses magnetically
held contactors. During the HDR inspection, the ATS failed to switch when required. The
electrical service contractor was called out to perform repairs. Any rehabilitation approach
should include the replacement of the existing ATS with a modern electrically switched
mechanically held transfer switch in order to increase the system reliability.

A propane powered, four cylinder, spark ignition engine is used to operate the span when
the main power feed is lost. A gear type manual clutch is used to connect the output shaft of
the engine reducer to the primary gearbox. Limit switches are provided to disable the main
control system to assure that the engine reducer is not back driven by the main span
motors. During emergency operation the thruster brakes are hand released and the DC
powered magnetic brakes are used for braking. In case of an emergency where the DC
powered magnetic brakes fail to set; the operator will have to leave the control station to
manually set the thruster brakes. Any design rehabilitation approach should include the
upgrade of the generator to a three phase unit with sufficient capacity to allow the thruster
brakes to be electrically operated when the backup engine is being used. This upgrade will
enhance the reliability of the electrical system and enhance the safety of the operators and
personnel in case of the failure of the DC magnetic brakes. As part of a major rehabilitation,
a substantially larger generator with the appropriate power system equipment should be
installed to eliminate the propane engine and provide for normal operation of the span
drive. The generator and ATS could be located on shore if a droop cable system is installed.
There is sufficient real estate for the equipment. As part of any rehabilitation approach, the
usage of the propane fueled engine in the operator house requires carbon monoxide
detectors to be installed to alert the operator of any exhaust or plenum leaks (See photo E-
2). A CO detector is generally required where gas fired space heaters are installed as is the
case in the Memorial Bridge control house.

4.3 Motor Control Centers (MCC)

The MCC is located in machinery and control room and is fed directly from the catenary
system located at the south tower. The MCC is 1950’s design and requires personnel to
open the doors to manipulate breakers with exposed bare copper bus and other exposed,
energized components. (See photo E-3). This practice is unacceptable by today’s standards
since it exposes the electrician to the arcing faults that might result during a switching
process. Any rehabilitation approach must include provisions to de energize the MCC
without opening the door or replace this MCC with a modern dead front style MCC where
the switching is performed without personnel being exposed to energized conductors.

4.4 Motors and Drives

The span is raised and lowered using two 100HP, 585RPM, 460V, 3 phase, 60 cycle, wound
rotor type motors. These motors are controlled by a single Westinghouse Silicon Controlled
Rectifier (SCR) thyristor drive that is located in the machinery room MCC. Both motors are
connected directly to the load side of the drive through independent three phase breakers.
Resistor grids are connected to motor secondary windings and are used to modify the speed
torque characteristics of the motors The inspection found the motors brushes to be in
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serviceable condition, however the motors have excessive grease inside which should be
cleaned as part of regular maintenance. It was also identified that the lead wire insulation
on the secondary circuit of the north motor was chaffing on the motor frame. The electrical
service contractor was requested to provide corrective action. Temporary measures were
taken to minimize the potential for the insulation on the rotor leads to chafe through and
short out as they leave the motor rotor housing by adding rubber insulation (See photo E-
4). More permanent measures should be taken.

The motor secondary resistor grids are mounted in the machinery room next to the MCC.
The secondary resistors have limited guards in place. Non grounded parts and conductors
are exposed (See photo E-5). Guard should be installed to completely cover the resistors.

The motor primary and secondary windings were megger tested during the inspection and
the insulation resistance values were found to be 550 Megohm for all the windings. These
values are acceptable and the motors windings appeared to be in good condition.

With the current drive configuration, one thyristor drive is used to run both motors. If this
thyristor drive fails, there will be no means to operate the bridge electrically. Circuit board
level parts for this drive are no longer available from the Original Equipment Manufacturer
(OEM). With the advent of modern digital motor drives, there are few technicians familiar
with this technology should repairs be required. A minimum rehabilitation scope should
include the installation of a new redundant thyristor drives to enhance the reliability of the
system. The motors should be cleaned and serviced by a qualified motor shop to replace
the secondary circuit extension leads. The motor secondary resistor grids should be
replaced with modules that have factory designed and installed guards to minimize the
hazard of the exposed energized conductors. A moderate and major rehabilitation scope
should include the replacement of the span motors and installation of modern flux vector
drives.

4.5 Brakes

The bridge braking system consists of two thruster actuated machinery brakes and two
Direct Current (DC) electro-magnetic disc brakes. The thruster brakes are mounted on the
output shaft of each motor and the electro-magnetic disc brakes are mounted on the
opposite end of the input shaft to the reducer. The thruster brakes are used when the bridge
is operated using the electrical power and the DC electromagnetic brakes are used when the
bridge is operated on the emergency engine.

The electromagnetic brakes are powered from the DC system of the emergency motor and
they appeared to be in a good condition. The emergency motor self charges the batteries
when it is running.

The thrusters are 460V, 3 phase units and even though they appeared to be in a good
condition they are an obsolete GE model. Spare parts, such as seals, are not available (See
photo E-6). Both brakes must be released, electrically or by hand to operate the span using
the electric motors or emergency engine. A design provision is that only one thruster brake
can be hand released and still operate the electric drive. The brake thrusters were megger
tested and the insulation resistance was found to be 550 Megohm or greater for each. These
values are acceptable and the brakes appeared to be in a good condition. Two lever arm
limit switches are mounted on each thruster brake for brake released and brake hand
released indication. These switches appeared to be in a good condition. A moderate and
major rehabilitation scope should include the replacement of the existing thruster brakes
with modern single piston thruster brakes and the installation of new limit switches.
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4.6 Control Desk

The main control desk is located in the machinery and control house. The desk has seen
several modifications over the years and a new console was added next to the original
control desk for gates and lights. The modifications have made the controls separated and
not laid out in a logical order that follows the sequence of the bridge operational
procedures. The gates and traffic lights on each abutment are actually controlled from a
control panel that is located inside the gate attendant shacks and the original controls on
the add-on console are bypassed. Any rehabilitation approach shall include the
replacement of the control desk with a human factors designed integrated control desk that
provides for all bridge operating controls at the main control desk with provisions to
operate the gates from remote control stations should the need arise. An industrial quality
radio communication system with redundant links should be used to communicate with
local gate controls. In addition, a significant amount of video equipment is clustered near
and on the control desk. This equipment should be segregated in to a separate cabinet.

47  Gates And Traffic Signals

The bridge has electrically operated warning gates at the abutments, and electrically
operated curtain gates at the towers. The bridge staff indicated that the curtain gates do not
work in cold weather and have been abandoned. One gate attendant on each end of the
movable span manually operates a pair of structural steel swing gates. The gate attendants
have to be onsite for any bridge opening. The structural steel swing gates may not conform
to current requirements for barrier gates and any rehabilitation approach should include
the replacement of these gates with AASHTO compliant barrier gates rated for this
application.

Attendant shacks are provided for the gate attendants and a traffic signals and gates control
console is located inside these shacks. The traffic signals and gates controls are not
interlocked with the main bridge controls. The lack of interlocks requires a high level of
vigilance on the part of the gate tenders and bridge operators. A human error might lead to
incidents such as the movable span being lifted before the gates are closed and locked.
Providing a data link for remote indication and control for the gates and traffic signals to the
control system will allow the operator to operate the bridge without relying on any other
staff. This option will decrease the labor cost associated with the bridge operation and will
enhance safety by providing built in interlocks and eliminating the presence of the gate
attendant in the roadway. This recommendation should be included with any rehabilitation
approach that involves the bridge control system.

4.8 Limit Switch

Field limit switches are provided for span closed, normal open and full open. The field
wiring for the new span seated limit switches uses THWN wire. THWN wires are not
compliant with AASHTO requirements. Over the long term the insulation wears through due
to vibration and causes short circuits. A major or moderate rehabilitation should include
the installation of RHW type wire for the limit switches wiring in conformance with the
latest guidance provided in the 2008 interim revisions to the AASHTO LRFD Movable
Highway Design Specifications section “8.9 Electrical Conductors”.

4.8.1 Span Seated:

The movable span is provided with one heavy duty, plunger operated, limit switch on each
end of the span that is tripped by a structural steel target mounted to each rest pier to
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provide span seated indication (See photo E-7). The switches have been recently replaced
and are in a very good condition. From field experience the plunger switches can be
problematic. If they are not adjusted properly, they may be jammed and will no longer
operate reliably. It is recommended as part of a moderate or major rehabilitation to replace
the existing plunger switches with proximity sensors. Proximity sensors are a more reliable
since they do not need to make physical contact to function.

4.8.2 Span Position:

The bridge has one multi turn, chain driven lead screw rotary cam limit switch. This switch
is the main input used for the bridge control system. It is an obsolete model and will be
difficult to find repair parts or to replace the switch in case of a failure. From a functional
stand point this switch is difficult to adjust (See photo E-8). It is recommended as part of a
moderate or major rehabilitation to replace the lead screw rotary cam limit switch with a
modern state of the art rotary cam limit switch.

4.8.3 Full Open and Over Travel:

There are several lever arm limit switches on each corner near the top chord of the truss.
One switch at each corner is used to provide the full open indication and one switch is used
for over travel indication. The existing switches did not appear to be functional and some of
them were missing levers (See photo E-9). Functional over travel and full open limit
switches are essential components in the bridge control system that enhance the safety and
reliability of the bridge control system. The installation of new full open and over travel
lever arm limit switches should be included in the scope of any rehabilitation approach. A
control system upgrade should trigger a complete review of limit switch requirements,
including limit switches for use during emergency engine operation.

4.9 Navigation Lights

Navigation lights are installed on the piers and on the north and south face of the lower
truss over the navigation channel of the movable span to provide visual guidance for the
marine traffic. Several junction boxes are tied to the bridge with wire and several access
doors on the navigation lights are open due to missing or defective closing hardware (See
photo E-10). Operational and reliable navigation lights are important indications to
mariners and are required to be installed and be maintained by US Coast Guard
requirements. It is recommended that as a part of any rehabilitation scope the lighting
fixtures, supports and raceways be rehabilitated A major rehabilitation scope should
include the installation of new navigation lighting system.

Aircraft warning beacons are installed on the top of the towers. As part of any
rehabilitation, the beacons should be relamped with energy efficient, long life LED lamps. A
major rehabilitation should trigger the replacement or the entire aircraft warning beacon
with FAA compliant units.

4.10 Miscellaneous

The 480V distribution panel board and the lighting transformer inside the machinery and
control room appears to be original bridge equipment, and items such as closure plates on
the face of the breaker panels are missing. The equipment appears to be beyond it normal
anticipated 40 year life and should be replaced to assure continued reliable service. Circuits
in the new panels should be designed to provide proper coordination, selectivity and
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segregated to assure that tripping of breakers for non critical loads do not interrupt critical
functions.

5 RECOMMENDATIONS
5.1 Minimum Rehabilitation:

1. Main electric service

a. Install new main disconnect switch in an accessible location with the

appropriate access and work clearances on the south pier.
2. Back up electric service

a. Replace the ATS

b. Install carbon monoxide detection system in the machinery room

¢. Upgrade the generator to provide additional power required to operate the
thruster brakes when bridge is run on the emergency engine.

3. Motor control centers
a. Install a new main deadfront disconnect switch in the operators house.
4. Motors and drives

a. Replace existing motor secondary resistor grids with modules that have a
factory designed and installed guards.

b. Install a two thyristor drives for the span motors to ensure reliability.

c. Replace the drive motor rotor extension leads and add bushings or other
protection where they pass through the motor frame. Replace motor
brushes and clean motor interiors.

5. Brakes

a. Provide remote control for thruster brakes next to the magnetic brake

controls for use during operation with the emergency engine.
6. Control desk

a. Replace the control desk with a human factors designed integrated control

desk, incorporating the gate control stations
7. Traffic gates )

a. Install AASHTO compliant barrier gates

b. Provide data link and remote communication and control modules
coordinated with the bridge control system to allow gate to be operated
from control house and interlocked with the control system.

8. Limit Switches
a. Replace the over travel and full open lever arm limit switches
9.  Navigation lights

a. Rehab or replace navigation lighting that is missing functional access door

closure hardware or has degraded raceway system
10. Miscellaneous

a. Provide instrument rack and relocate all video equipment from the control

desk
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5.2 Moderate Rehabilitation:

1. Main electric service
a. Install new main disconnect switch in an accessible location with the
appropriate access and work clearances on the south pier.
b. Replace catenary system with a droop cable system.
2. Back up electric service
a. Replace the ATS
b. Install carbon monoxide detection system in the machinery room
c. Upgrade the generator to provide additional power required to operate the
thruster brakes when bridge is run on the emergency engine.
3. Motor control centers
a. Replace MCC with a modern dead front MCC.
4. Motors and drives
a. Replace span motors and install new flux vector drives.
5. Brakes
a. Provide remote control for thruster brakes next to the magnetic brakes
controls by the back up emergency engine
b. Replace thruster brakes with modern brakes
c. Install new brake limit switches
6. Control desk
a. Replace control desk with human factors designed integrated control desk
and integrate the remote gate control stations
7. Traffic gates
a. Install AASHTO compliant barrier gates
b. Provide data link and remote communication and control modules
coordinated with the bridge control system to allow gates to be operated
from the control house and interlocked with the control system
8. Limit Switches
a. Replace the over travel and full open lever arm limit switches
b. Replace existing span seated plunger switches with proximity sensors
¢. Replace lead screw rotary cam limit switch with modern state of the art
rotary cam limit switch
d. Replace the THWN wires used for devices wiring with RHW wire.
9. Navigation lights
b. Rehab or replace navigation lighting that is missing functional access door
closure hardware or has degraded raceway system
10. Miscellaneous
a. Provide instrument rack and relocate all video equipment from the control
desk
b. Replace lighting transformer and lighting panel board. Rewire operator’s
house to provide selectivity between circuits.
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5.3 Major Rehabilitation:
1. Main electric service
a. Install new main electrical service with droop cable system
2. Backup electric service
a. Install new emergency generator and ATS capable of electrically operating
the bridge in case of a power failure.
3. Motor control centers
a. Install new motor control center
4. Motors and drives
a. Install new flux vector drives and motors
5. Brakes
a. Install new thruster brakes with modern single piston thruster and new
limit switches
6. Control desk
b. Replace control desk with human factors designed integrated control desk,
7. Traffic gates
a. Install AASHTO compliant barrier gates
b. Provide data link and remote communication and control modules
coordinated with the bridge control system to allow gates to be operated
from the control desk in the control house or locally
8. Limit Switches
a. Install new limit switches
9. Navigation lights
a. Install new navigation lighting system
b. Replace the aircraft beacon system with FAA compliant system
Scoping Study for the US 1 over the Piscataqua River Page E-9

Memorial Bridge Report



New Hampshire Department of Transportation

Appendix A
Photos
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Photo E-1: Catenaries are problematic since they ice up in the winter and local switching is
required to provide heating power from the transformers that are installed on the top of the
bridge truss level at the south end to melt the ice

Photo E-2: The use of propane fired emergency engine in the machinery and control room
requires the installation of carbon monoxide detectors to alert the operator of any exhaust
or plenum leaks
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Photo E-3: The MCC is of obsolete design with exposed bare copper bus which exposes the
switch person to the arcing that might occur during the switching process

Photo E-4: Temporary measures were taken to minimize the potential for the insulation on
the rotor leads to wear through and short out as they leave the motor rotor housing
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Photo E-5: The secondary resistors have exposed energized elements and conductors and
the existing guard does not fully encompass for the hazard

Photo E-6: Even though the thruster brakes appeared to be in a good condition, they are an
obsolete GE model and no spare parts, such as seals, are available
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Photo E-7: From field experience the plunger switches for the span seated indication are
problematic. If they are not adjusted properly, they get damaged easily.

Photo E-8: The lead screw rotary cam limit switch is an obsolete model and it is very
difficult to adjust
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Photo E-9: Many of the existing lever arms limit switches normally used for span full open
and over travel indication switches are not functional

Photo E-10: Several access doors on the navigation lights are open due to missing or
defective closing hardware
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Appendix B

Field Inspection Sheets
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