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Introduction

The Massachusetts Water Resources Authority (MWRA) and Green International Affiliates,
Inc. engaged McGinley Kalsow & Associates LLP (MKA), Architects and Preservation
Planners, to evaluate the condition of the historic railings at Echo Bridge, make
recommendations for repairing the railings and meet the current Massachusetts State
Building Code. McGinley Kalsow & Associates LLP has 30-years of experience in the
evaluation and repair or restoration of historic structures and particularly historic bridges
throughout New England.

A state appropriation of $250,000 directed at MWRA has been received but additional
funding will be necessary for the work that needs to be completed for the railings at Echo
Bridge. At present, additional funding for the railing repairs is currently unavailable from the
MWRA due to continued budget cuts, existing priorities focused on “active” facilities rather
than “back-up” facilities, and the need for further Board of Directors approval.  MWRA’s
chief concern is public safety, which is why the Bridge was fenced off from the public over a

year ago. Since that time, temporary snow fencing was installed to improve safety conditions
to keep the Bridge accessible, but a more permanent solution is needed. Given that the
Bridge is on the National Register of Historic Places, MWRA cannot simply replace the
railings without review by the Massachusetts Historical Commission and the local Historical
Commissions. The intent of this report is to provide an existing conditions assessment of the
railings, a listing of alternative ways to address the safety conditions and historical
preservation issues (materials, design, etc.) with pros and cons, and provide a cost estimate
for each scenario.
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Echo Bridge — View from Charles River, 2007



Background

Echo Bridge is officially known as the Charles River Bridge and spans over the Charles
River and Ellis Street, connecting the City of Newton and the Town of Needham. Echo
Bridge is primarily an aqueduct that was built to carry water from the Sudbury River to
Boston and has also served as a pedestrian bridge. The bridge was constructed in 1876 and
1877 at a cost of $200,000. The stone and brick bridge is 475 feet in length, 19 feet wide with
seven stone arches. The arches vary in span from 127 feet to 28 feet with five arches at 36
feet 8 inches. The 127-foot arch was recognized in 1877 as the second longest span in North
America and one of the largest stone arches in the world. Echo Bridge is located in Hemlock
Gorge and connects two Department of Conservation and Recreation (DCR) parks on either
side of the Charles River. In this capacity, it serves as a well-used pedestrian bridge. The
bridge is listed individually on both the State and National Registers of Historic Places. It is
also a contributing member of the Newton Upper Falls Historic District, which is also on
_ bothstate and national rPgicfPrQ

Echo Bridge Location Map (Google Maps)
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1991 Drawing of Echo Bridge Walkway Inprovements
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Previous MWRA Maintenance to Echo Bridge

The MWRA completed limited improvements to the Bridge in 1991 under the Echo Bridge
Phase I Rehabilitation Contract. That contract included:

- Cleaning, repointing and resetting of brick masonry on both spandrels.

- Removal of the existing asphalt-paved walkway atop the bridge, and replacement
with a concrete walkway.

- Cleaning and minor repointing of granite ashlar masonry on nearly all exterior bridge
surfaces, and graffiti removal.

The rehabilitation of the bridge railings was not included in the project because the focus was
on masonry repairs to protect the public from unstable brickwork and deterioration, and
minor cosmetic improvements such as cleaning, graffiti and dirt removal. The railing
rehabilitation and/or replacement was to be addressed in a subsequent phase when MWRA
would consider the costs, public safety and continued public access to the bridge deck.

Previous Engineering Reports and Documentation of Echo Bridge
Several reports on the proposed Phase IT work were completed and are listed below:

1. 1990 Existing Conditions Report - The Society for the Preservation of New England
Antiquities documented the railing conditions as generally deteriorated by moisture
entrapment due to various factors. The main recommendation of the report was to
remove a test portion of railing and try various repair methods on it.

2. 1992 Preliminary Report - MWRA outlined a Phase II scope of work that included
repaits to existing railings.

3. 1994 Preliminary Design Report - MWRA outlined alternative methods of railing
renovations with estimated costs. Please note that these alternatives focused on in-kind

replacement using original materials and/or aluminum instead of cast iron, but would
look exactly like the original désign.

* Remove, clean, repair, and reinstall existing historic railings.
1994 estimate: $350,000. 2004 estimate: $448,000.

« Remove all railings and install new cast aluminum railings that look like the originals.
1994 estimate: $440,000 2004 estimate: $565,000.

* Remove all railings and install in-kind cast iron railings.
1994 estimate: 485,000 2004 estimate: $620,000."

! Previous Maintenance and Previous Engineering Reports and Documentation excerpted from Attachment A,
which was prepared as part of a January 29, 2007 submission to the Massachusetts Historical Commission.
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Summary of Existing Conditions

All of the highly decorative posts on the bridge and abutments are constructed of cast iron
and a variety of cast iron and steel railings connect these posts. On the bridge, cast iron
rosettes containing the initials of the Boston Water Works (BWW) are at the intersection of
the intermediate rails. The cast iron posts were secured to the granite copingstones with a
threaded steel rod that extends from the granite to a cast iron ball cap at the top of the post.
Where visible, virtually all of these threaded rods have corroded and detached from the ball
cap that clamps the post to the bridge. In 1990 it was estimated that 20% of the cast iron
posts needed to be replaced. In the past, efforts were undertaken to stabilize the posts by
partially filling the posts with a cementitious grout and then welding the cast iron ball tops to
the post. This cementitious grout not only trapped moisture but also gave a surface for ice-
jacking to take place.

At this time more than 50%
of the posts are severely

U2 T, » au O
grout that was added and
the severe rusting of
railings, half of the visually
sound posts are likely to be
damaged during the
dismantling process, leading
to replacement of
approximately 75% of all
decorative cast iron posts.
Extensive corrosion inside
the cast iron posts is taking
place as evidenced by the
rusting pattern on the
granite coping. A much
lower percentage (21%) of
the BWW rosettes have
spalled at the bottom or
rusted at the rail pipe joints
beyond repair. This number
will  also  significantly
increase during the
disassembly process. Five
to twenty-three percent of :
the railings have rust Typical Bridge Post and Rail
corrosion, reducing the

mechanical strength of the rail and its connections. However, the most severe corrosion is on
the inside of the pipe where it is not visible in-situ. Because of extensive corrosion where the
railing is connected to the cast iron post, freeing this joint without damage to one part may be
impossible in many cases. With an estimated 25% of the posts being repairable, the clear
priority should be given to refurbishing them and replacing the railings.
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Inappropriate Repairs and Eroded Paint

Paint Blistering and Rail Joint Failure at Rosette

Spalling Cast Iron at Post Base
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Echo Bridge - Bridge Railings

Existing Conditions Summary Table
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Echo Bridge - Bridge Railings

Existing Conditions Summary Table
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Echio Bridge - Landing Railings
Existing Conditions Summary Table

Newton Upper Falls Landing
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Lead Paint

The railings and posts have been repainted numerous times since they were first installed in
the late 1870’s. Most painted metals at that time were primed with red lead or lead based
paints.

Lead testing of the posts and rail components was performed by an independent testing lab.
(Please reference Appendix E for lead paint evaluation.) At least ten separate tests were
performed on each type of rail component. As expected for a railing of this age, most
surfaces showed regulated levels of lead with results above the Massachusetts residential
standard of 1.0mg/cm2.

The presence of regulated levels of lead containing paint on the posts and rails will require
compliance with both federal and state regulations. The health and safety of the workers and
the public will need to be protec iri i i i i
lead-containing materials,

Historical and Safety Considerations

A solution to the Echo Bridge guardrails must be developed and implemented which
adequately addresses the historic significance of the railings and provides safety to the
public, and is in general conformance to the State Building Code for guardrails. The ornate
railing system is a significant historic and character defining element of Echo Bridge.
Deterioration of the existing railing system is so severe and rapidly advancing due to
previously inadequate repair attempts, that the railing cannot be left in place as a “relic”
because of the danger of cast iron or steel components falling off the bridge. The existing
railing assembly, if left in place will present potential risks to pedestrians and vehicles below.
The deterioration of the railing system has been publicly recognized since 1990. It is now
imperative that a long term solution be developed and implemented that addresses both
historic and public safety concerns.

Immediate Safety Considerations

During the week of August 6", the MWRA installed areas of snow fencing to infill gaps in
the railing system. In addition to these repairs, we recommend that a structural assessment of
the existing cast iron posts and snow fence assembly take place to determine if they are
structurally adequate.
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Massachusetts Historical Commission Regulatory Review

Since Echo Bridge is listed on the State and National Registers of Historic Places, historic
review and consultation are required with the Massachusetts Historical Commission (MHC)
in compliance with Chapter 254 of the Acts of 1988. No federal actions are anticipated in this
project.

Echo Bridge is a property under the management of the Massachusetts Water Resources
Authority (MWRA), the project proponent. Limited funding ($250,000.) is being provided
through an appropriation in the State Budget. A Project Notification Form (PNF) was
submitted to the MHC on January 29, 2007. MWRA conducted two public meetings held on
March 7, 2007 with the Newton Upper Falls Historic District Commission and with local
stakeholders, MHC, and legislators from Newton and Needham on March 21, 2007.

- arCniccil ] dni ) FINATY QAC U1 €Vd g110n o 1€ CX 218 a 10 uds b [ AlE0 [}
May 2007 and determined that the existing deteriorated and non-compliant railings could not
be simply rehabilitated and made code compliant. An initial meeting was held with local
community interests and stakeholders to review evaluation findings and to solicit their input.
The community input to date has been carefully considered in the development of the
alternative design proposals and recommendations contained herein. Another community
meeting will be held shortly to present the alternative design proposals and recommendations
and to elicit public input from all stakeholders. MWRA will consult with MHC and decide
on a final design approach in compliance with Chapter 254 of the Acts of 1988 before
proceeding with final design of the project.

Massachusetts Architectural Access Board Rules and Regulations

It is important that the MWRA address the issue of accessibility with the Massachusetts
Architectural Access Board.

Summary of Alternatives

After evaluating the conditions of the existing railing system, we have explored various
alternative solutions and listed their positive and negative salient characteristics. The
common element to both of these recommended approaches is the careful refurbishment and
testing of existing sound structural cast iron posts, and cast iron BWW rosettes with the
addition of new replica structural cast ductile iron posts, rosettes and new galvanized steel
pipe iron railings. (See Summary Chart on Page 13)
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The following is a summary of various alternatives with the opinion of MKA given under the

comments heading:

Recommended Alternatives
Description

Refurbish and Retrofit Existing Railing 10 Meet Code
Refurbish sound existing structural cast iron
architectural  elements.  Replicate  deteriorated
structural elements with new cast ductile iron and use
painted galvanized steel railings. Attach stainless
steel wire mesh guard panels to railing system.

Comments

Retains or replicates historic railing

Adds opening reducing panel system to make
original railings code conforming

Probable Cost: § 1,045,000

2. Refurbish Existing Railing and Install Additional
Code Compliant Railing
Refurbish sound existing structural cast iron * Retains or replicates historic railings
architectural  elements.  Replicate  deteriorated * Adds code conforming independent guardrail
structural elements with new cast ductile iron and use system. Refurbished original rails become
painted galvanized steel railings. Construct an decorative.
independent guardrail attached to the concrete bridge *  Probable Cost: § 1,077,000
deck.
Other Alternatives Considered

3. New Steel Guardrail
Remove the existing railing system and replace with Loss of significant historic fabric
modern steel guardrails. Historically unacceptable

Probable Cost: $ 471,000

4. New Cast Iron and Galvanized Steel with New
Guardrail System
Replicate original design with all new cast ductile iron Loss of significant historic fabric
and galvanized steel. Add attached or independent Probable Cost: $ 893,000
guardrail system.

S.

Loss of significant historic fabric

and extruded dluminum tubing. Add attached or Probable Cost: $ 978,000
independent guardrail system.

6. Decorative Fiberglass Simulated Historic Guardrail

with Steel Supports

Replicate decorative cast iron and rail elements with
fiberglass. Add attached or independent guardrail
system.

Loss of significant historic fabric
Decorative fiberglass is not recommended
as a structural element

Poor substitution for cast iron

Poor long term durability

Probable Cost: $ 928,000, if used with
concealed steel structural system.
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Proposed Alternatives

Common elements to both recommended alternatives are the careful dismantling of all
components with the intent of salvaging the greatest possible number of sound decorative
cast iron elements for shop refurbishment. The interior and exterior of each element will need
to be sandblasted. Minor cracks can be repaired with nickel alloy welding electrodes (Ni-
Rods). Each existing cast iron element will need to be examined by an architectural
conservator and undergo load testing acceptable to the structural engineer. New cast iron
posts and rosettes should be cast with ductile cast iron rather than “grey” cast iron with a wall
thickness that is more substantial (3/8” minimum) and more uniform than the existing. This
will increase the ability of the new post to resist corrosion and its structural capacity. Small
detail changes to the connections, such as slightly increasing the opening size where pipe
rails penetrate the post and substituting color galvanized steel rails for cast iron, will allow
the rail system to better handle thermal movement and 1mprove 1ts durablhty All surfaces

mcludmg the inside of cast
iron elements should be

painted with a durable
industrial paint system.

Alternative Number One:
Refurbish and Retrofit
Existing Railing to Meet
Code

Directly attach a 7 feet by 3
feet framed panel of
painted 2-inch stainless
steel wire mesh to the
historic railing system. To
visually separate this panel
from the historic cast iron
posts, it would be kept
approximately 3 inches
away from each post.
Painted stainless steel is
recommended for these
panels since pre-galvanized
mesh will rust where
welded to the framing and
the panel is too light to
galvanize after assembly.

Probable Cost: $ 1,045,000

Alternative Number One: View from Bridge.
(See additional Photo on Page 15)
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View from Charles River

Alternative Number One
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Alternative Number Two:

Refurbish Existing Railing and Install Additional Code Compliant Railing

Construct a simple independent guardrail attached to the concrete bridge deck. To reduce the
visual impact of this second guardrail system, the new steel post should align with the
original cast iron posts, and the top and bottom rails should align with the historic railings.
This alternative is likely to be less noticeable when viewed from the two DCR parks but
more noticeable when viewed from the high deck.

L

Probable Cost:
$1,077,000

Alternative Number Two: View from Bridge.
See additional Photo on page 17
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Alternative Number Two: View from Charles River
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Estimated Construction Costs

We have estimated construction costs for the two recommended alternatives with the
assumption that construction will take place during 2008. Architectural and Engineering
services as well as measures needed to conform to accessibility requirements, if required, are
not included in these costs. See page 29 for itemized probable costs for alternatives 1
through 6.

Alternative Number One $ 1,045,000
(Directly attached wire mesh panel to restored railing assembly)

Alternative Number Two $ 1,077,000

(Independent guardrail separate from restored railing assembly)

Green International Affiliates, Inc. has estimated the cost to completely replace the existing
Ellis Street stairs to Echo Bridge with a new steel stair and railing system.” Architectural and
Engineering services as well as measures needed to conform to accessibility requirements are
not included in these costs.

Ellis Street Stairs $ 100,000

Construction Methodology and Schedule

Both recommended alternatives will have the same basic construction methodology and
schedule. The total construction time for both alternatives is estimated to be between 10 and
13 months during which Echo Bridge will need to be closed to the public. Since the bulk of
the work that is weather-sensitive will be performed off site, we do not believe there is a
strong preference for the start date. If begun in the fall, work could be completed a year and
three months later in the spring.

2 Although not part of this report, the repairs to the Ellis street stairs may be incorporated into
the Echo Bridge railing refurbishing and rehabilitating plan.

Page 18



Technical

Assessment &
Considerations



Schedule

We estimate the following schedule for the construction phase for this project (excluding any
accessibility improvements):

Phases

l.

Secure site with construction fencing and install
OSHA fall protection.

Paint stripping at railing locations that will be cut
during disassembly because of lead-based paint.

Disassemble railing system and preliminary
separation of potentially salvageable cast iron
elements. Conduct TCLP (Toxic Characteristic

Time Period

2 weeks

2 weeks

6-8 weeks

Leaching Procedure) sampling to separate
hazardous waste material from non-hazardous
waste material. Cleaning of rust-stained granite.

Sandblast potentially salvageable cast iron in an
off-site facility licensed to abate lead-based paint.

Shop drawings, creation of mold patterns, casting of
samples and installation of mock-up for review and
approval

Casting of ductile iron posts and rosettes.
Fabrication of new railings. Repair, inspection and
testing of original cast iron elements. Fabrication of
framed panels or independent guardrail assemblies.

Painting of cast iron elements and color galvanizing
of steel elements.

Installation of refurbished and replica historic
railing and new guardrail assembly.

Paint touch-up and inspection.

10. Remove construction fencing and repair site.

Total

4 weeks

10-12 weeks

10-16 weeks

3-4 weeks

5-8 weeks

1-2 weeks

1-2 weeks

44-60 weeks

Page 19



Technical Assessment and Considerations

The following section includes a more detailed explanation of the existing conditions survey,
regulatory review, evaluation of alternative materials, material comparison table, line item
cost estimate and other railing designs considered during this study.

Existing Conditions Survey

Posts and Railings

There are two distinct styles of historic cast iron posts and steel railings present at Echo
Bridge. Flanking both sides of the 475 feet long bridge, there is the larger and more ornate
cast iron post with a double rail and intermediate diagonal railing forming an “X”. At each
end of the bridge there are raised granite landings. The landing railing system is similar to the
bridge’s railing system but with smaller and less ornate cast iron posts and a simple three-rail
system. Present on the raised granite landings are later galvanized steel pipe posts and rails.

TTIC g

landings. The paint on all these railings is thin from severe exposure to weather and a lack of
regular maintenance. The paint system has eroded, blistered and peeled, exposing cast iron
and steel to the environment resulting in extensive rusting. The finish paint color appears to
have always been black.
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Both the bridge and
landing posts are a one
piece  iron  casting.
Traditional “gray” cast
iron is very strong in
compression but much
weaker in  tension
because of the carbon it
absorbs during
production. The wall
thickness of the cast
iron post varies from Y
inch to ¥ inch. This lack
of quality control during
casting and the resulting
thinned walls have made

the posts less durable to
corrosion and weaker in
strength than they would
be able to if all walls
were of a uniform %
inch thickness. In general, when the wall thicknesses in cast iron posts are less than 3/8
inches there is a marked reduction in their ability to adequately resist the forces of corrosion
and ice jacking, The historic cast iron posts were originally secured to the deck with a
threaded rod embedded in the granite deck that ran to the top of the post and was secured by
a threaded spherical cap. Originally these caps would have been securely tightened to hold
the past to the deck. The threaded steel rod was much more susceptible to corrosion than the
surrounding cast iron posts. In general, where the cast iron post is broken, this rod is missing
or rusted through, Rather than replacing these threaded rods, an attempt was made to stabilize
the post by adding a cementitious grout, The grout in the post cavity ranged from a few
inches to filling of the entire post. This repair attempt has greatly aceelerated the
deterioration of the posts by trapping moisture and providing a surface for ice jacking.
Typically, the ball caps are now welded to the posts.

0verly Thinned Post Section

The main bridge rail posts are 48 mches high and located 8 feet on center. Where the bridge
rails terminate at the granite landings, the railings are connected to flat 1-inch thick cast iron
pilasters that are slightly recessed into the vertical face of the granite walls. Typically the cast
iron posts are set on a % inch leveling bed of lead and set in a square recess in the granite
bridge coping stones. They were originally secured with a single % inch diameter threaded
rod embedded in the granite coping stones and tightened at the top of the post with & screw-
on cast iron spherical cap. Both 3-inch and 2-inch diameter caps are found on the posts. The
. majority of these caps are 3 inches in diameter and aesthetically this proportion relates better
to the posts below. The 3-inch spheres are most likely original and the 2-inch spheres are
replacement pieces. About 20% of these finials are missing and all except one has been tack-
welded to the top of the post to prevent removal.
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The 3-inch top, 2-Y inch bottom
and 2-inch diagonal pipe rails
are all 1/8-inch thick cast iron
with some steel replacements.
The high point of the top rail is
42 ' inches above the sloped
bridge deck. The space between
the bottom rail and the bridge
deck is less than 4 inches.

The “rosette” at the center of the
diagonal rails is a one piece cast
iron casting. This 9 inch
diameter “rosette” is cast with
the letters “BWW™. The letters

Cast Iron Spalling at Rosette

“BWW” stand for Boston Water

Works, which was the original
governing authority when the
aqueduct was constructed.

The historic cast iron posts on the granite stair landing at each end of the bridge are 44 ¥4
inches high and located 6 to 7 feet on center. Only 35% of the historic posts on both stair
landings remain. Thirty percent of these historic posts have been replaced with a “modern”

galvanized pipe railing system at the
Newton Upper Falls landing and 100%
replaced at the Needham landing. The
historic rail system has three 2Y%-inch
diameter horizontal rails. The top rail is
38 inches above the granite deck. The
space between the bottom rail and the
bridge deck is less than 4 inches.

The most serious issue with both of
these railing systems is the deteriorated
condition of the posts due to widespread
cracking, rusting and spalling. More
than 48% of the bridge and 60 % of the
landing posts have severe cast iron
breakage. These damaged posts are
beyond repair and will need to be recast.
Eighteen percent of the bridge and 20%
of the remaining landing finials on top
of these posts are missing and half of
the remaining ones are different sizes.

Fractured Post
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In examining the cast iron posts with broken
sections, 38% of the bridge and 57% of the
landing posts have been filled with a
cementitious grout composed of a sand and
cement mixture. All these posts show severe
vertical cracking from the top rail to the base
as'well as spalling. The grout shrinks after it
has filled the cavity and acts as a water
collector. When water penetrates the inside
of the post it fills the voids and freeze-thaw
cycles take place, resulting in ice jacking.
Cast iron is weak in tension. Ice expansion
and wedging (ice jacking) create stress-
relieving cracks and breaks in the cast iron.

Many of the intermediate diagonal and

bottom rails have rusted through and some
are missing or have been replaced with R e

galvanized pipe. Most of the rail damage is . \ T

due to failure at the joints where the rails Gt . >
meet the posts or the rosettes. Water Spalling at Post Cap Due to Grouting of
penetrating into the joints is trapped causing - Post and Ice Jacking

rapid oxidation of the iron from the interior.

Where water was trapped during winter seasons, ice jacking has occurred. The entire system
will need to be disassembled for inspection, refurbishing and replacement. The detailing of
the patterns needs to be revised to allow greater expansion and contraction to take place and
to prevent future failures to the new cast iron rosettes.

Paint .

Historic cast iron and steel needs to be protected from air and moisture in order to prevent
oxidation. This protection is typically done with paint. Paint is a sacrificial coating that needs
to be inspected on a regular basis and renewed every several years to maintain coating
thickness and prevent rust.

The paint on over 25% of the post and railing systems has blistered, eroded and peeled. On
some individual elements the paint failure is over 50%. This erosion and blistering is most
severe on horizontal surfaces, edges and raised details exposed to the weather. Weathering
has worn the paint thin or exposed bare metal. Where the iron and steel have been exposed,
oxidation has taken place and the rust as it develops and expands has caused additional paint
to peel and separate from the metal surface.

Shop-applied industrial paint systems for cast iron railing components and the color-
galvanized finish for steel railing components should both have a service life of about 15
years. Afier this time period, the field applied coatings typically last 5-7 years before they
should be recoated.
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Graffiti

The deteriorating condition of the rails coupled with the temporary snow fence welcomes
graffiti. With each subsequent visit to the bridge, there has been an increase in the amount
and size of the graffiti. The graffiti is appearing not only on the railings and posts but also on
the sloped concrete bridge surface. In addition, some individuals have carved initials in and
removed the sealant/expansion joint at the centerline of the bridge.

Findings

Bridge

*  75% of the decorative cast iron posts will need to be totally replaced.

* 551t0 95 % of the railing systems (i.e. posts, railings, finials) have failed (loss of strength,
break down or stop working)or are suspected to have failed due to joint failure.

* 5 to 25% of the railings have rust corrosion, reducing the mechanical strength of the rail
and its connections.

* More than 48 % of the bridge posts have severe cast iron breakage (beyond repair and
will need to be recast).

* 18% of the finials are missing on bridge.

* At least 38% of the cast iron posts on bridge have been filled with cementitious grout
accelerating deterioration (and more could have actually been filled but not observed
because there is no obvious exterior evidence of such work.) Once posts are
disassembled, more posts might suffer from the grout damage.

Recommendation: The entire system will need to be disassembled and some detailing
revised to allow greater expansion and contraction to take place and to prevent failure to the
new cast iron posts. A post-by-post interior inspection did not take place as part of this work,
which may reveal further deterioration on additional posts when construction work begins.

Bridge Landings _

Over 85% of the railings on top of granite landings have been replaced.

71% of the landing posts have severe cast iron breakage.

30% of the historic posts have been replaced on Newton side.

100% of the historic posts have been replaced on Needham side.

29% of the finials are missing (and remaining finials are tack-welded to the top of the
post). .

* 57% of the cast iron posts on landings have been filled with cementitious grout.

« ¢ &« o o

Recommendation: Since there has been so much deterioration and replacement of the
elements of the railing system at the landings on the Newton and Needham side, total
replacement for both sides of the landing is the recommended course of action.
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Regulatory Review

Massachusetts State Building Code

The bridge posts and railings in their present state will need to be brought up to current
Massachusetts Safety Codes. The posts and railings will need to be repaired, restored,
modified and replaced, depending on their condition, to have them meet the structural load
requirements of 780 CMR 1615 Special Loads for guardrails. The guardrails must be able to
resist a 200 pound concentrated load in any direction and uniformly distributed loads of 100
lb/ft vertically and simultaneously 50 Ib/ft horizontally. This load condition must be met
without exceeding the allowable design working stresses of the materials, anchorage and
connection devices.

The rails must also meet the provisions of 780 CMR 1021.0 Guards for height and opening
limitations. The guards must be at least 42 inches high measured vertically above the
adjacent walking surface. Open guards shall have balusters or other solid material such that

not have an ornamental pattern that would provide a ladder effect.

Presently the bridge’s 42'%” high railings exceed the minimum 42-inch height requirement
for safety. The bottom rail meets the maximum 4-inch opening requirement between it and
the bridge deck. The railing fails in the opening sizes between the diagonal “X” rails and the
top and bottom rails as well as at the post. The present size of the openings varies from 1
inch to 2 feet.

The granite landing railings are 38 inch high and fall 4 inches short of the required 42-inch
height requirement. The distance between bottom rail and the granite deck meets the
maximum 4-inch opening size requirement. The open space between the top, bottom and
intermediate rails is 13 inches, exceeding the maximum 4-inch requirement.

Lead Paint and Lead

The railings and posts have been repainted numerous times since they were first installed in
the late 1870’s. Most painted metals at that time were primed with red lead or lead based
paints. In 1978 due to increased knowledge and health concerns about lead containing paint,
it was banned from residential use in the United States. Prior to this date, all paint is suspect
of containing lead.

Lead was also used extensively in cast iron railing systems to seal the joints between the rails
and the posts and in sheet form to level and plumb the posts. While no lead caulking was
observed, lead was observed at the base of posts as a means to level them.

Lead testing of the posts and rail components was performed by an independent testing lab.
(Please reference Appendix E for lead paint information.) It was performed using an RMD
x-ray fluorescence analyzer on site. At least ten separate tests were performed on each type
of rail component. As expected for a railing of this age, most surfaces showed regulated
levels of lead with results above the Massachusetts residential standard of 1.0mg/cm?2.
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The presence of regulated levels of lead raises issues about protecting public health and
safety during disassembly. A small amount of chemical paint stripping on-site will likely be
required prior to disassembly of the railing system. The majority of paint removal must be
done under controlled and licensed shop conditions.

Material Evaluation

The following is an evaluation of cast iron, carbon steel, aluminum and reinforced polyester
as alternative materials to restore, repair and/or replace the damaged components of the two
railing systems.

Cast and Ductile Iron

The existing historic posts and “BWW?” rosettes are made of cast iron. As the name implies,
it is easily poured when molded for both structural and decorative purposes. It is an iron-
carbon alloy with high carbon content. This makes cast iron able to resist great compressive
forces but poor in elastic behavior (tension). It has generally good resistance to corrosion
but requires a coating of paint in order to adequately protect the surface. Since it is used as a

ot Pourad ate 5 §-suBjectto perteetio d & a4 HES;

cold shuts (imperfections caused by cooling of the molten surface during casting or
interruption of pouring), cracks and cinders. These can weaken the final product. The mold
pattern is just as critical in the process to ensure these defects do not occur and that proper
wall thickness meets the specifications and is maintained during repetitive castings.

Today, ductile iron is often used to recast historic pieces. Ductile cast iron is superior to
historic “gray” cast iron in that it has high ductility as well as high strength. This is due to
the presence of carbon in the form of spheres rather than flakes. Using ductile iron instead of
historic “gray” cast iron will add about 20% to the cost of the material. This is well worth the
cost since the quality of the casting and the longevity of the material are greatly enhanced.

Steel

Steel is an alloy of iron and carbon. It typically has a lower carbon content than cast iron. It
generally possesses great strength and ductility, Steel generally has poor resistarice to
corrosion. Steel can be galvanized to increase resistance to corrosion. Galvanization places a
sacrificial coating of zinc on the metal’s surface. The type and thickness of this zinc coating
determines how well it is able to resist corrosion in any particular environment. However,
there is no need to galvanize cast iron. The cost of steel by weight is slightly higher than cast
iron.

Since steel cannot be cast, it would not be a good substitute for making replicas of the
existing posts. The diameters of the existing pipe railings are standard manufactured steel
pipe sizes, making it a cost effective substitute for cast iron. Color galvanized steel would be
appropriate as a replacement material for the pipe rails for strength, durability and cost. Color
galvanization is a two set process that can be provided by three independent facilities in the
Boston area. This process has successfully addressed the paint failure problems typically
associated with painting galvanized surfaces. Galvanized metal accepts paint well for the first
48 hours after galvanization and after six months of exposure to the atmosphere. Color
galvanization takes advantage of the first 48-hour time period and comes with a 20 year paint
warranty.
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Aluminum

Aluminum is a durable metal derived from bauxite ore. It is about one half the weight of cast
iron and highly resistant to corrosion. However, it is very soft and has about the same ductility as
lead. Aluminum can be cast and easily worked by most metal fabrication methods.

Aluminum is predominantly more valuable as a substitute for decorative elements than for
structural tubes and beams. For this application, the cast iron posts could be easily recast in
aluminum. The structural connection of the aluminum post to the granite deck will need to be
reinforced with a stainless steel anchoring system. The collars where the pipe rails connect with
the post will also have to be reinforced. To use aluminum as a pipe railing component would
require tubing for the 8-foot spans. This would be costly compared to standard steel pipe. One
cannot use standard steel pipe rails in place of aluminum rails, since this would introduce
different metals and the occurrence of galvanic corrosion. Galvanic corrosion is the
electrochemical reaction that occurs when two different metals come into contact and moisture is
present. If dissimilar metals are used then the contacts must be isolated by a nonporous gasket or
caulking in order to avoid galvanic corrosion. These neoprene gaskets, buty! rubber and other
isolation materials typically have a limited lifespan of 8 maximum of ten years. It is critical that

K0 o a—and o o gy ey » ..

replaced before the end of their life span.

The cost of aluminum by weight is 2-3 times that of cast iron. However this figure is deceptive.
Typically if an aluminum casting is made of the same cast iron object, the weight (amount of
material) is greatly reduced and the overall increase in material cost would only be 15-20%
higher.

Reinforced Polyester

Reinforced polyester (fiberglass) is a lightweight and cost effective method for recreating
decorative non-structural elements. It is usually lighter than aluminum and shrinks less during
casting than cast iron. Because it is not metallic, it does corrode like iron, steel or aluminum and
does not have the associated problem of galvanic corrosion when combined with metal
components. ,

Decorative fiberglass is weak structurally as a single element and in its ability to form structural
connections. The main fabricator of architectural fiberglass in New England does not
recommend its use as part of a guardrail system. If it were to be used to replicate the posts, it
would require a hidden structural stainless steel post to be installed with the appropriate pipe rail
connections. The fiberglass post would have to be cast in two halves and fastened together to
hide this structural post. While fiberglass pipe of the appropriate rail diameter is a standard
manufactured item, it is not an appropriate structural element for 8-foot spans. If reinforced,
fiberglass rails might be used. However the fiberglass needs to be protected from ultra violet
(UV) light by painting, otherwise it deteriorates. UV light breaks the chemical bonds in
fiberglass and this first appears as a chalky surface. The rails would be particularly vulnerable if
the protective paint coating is not maintained. Fiberglass pipe, as a result of UV damage, time
and stress, tends to produce glass shard splinters. This is a serious safety hazard for its use as a
guardrail.

The associated fabrication and material costs for fiberglass are much lower than cast iron or cast
aluminum. However, there are additional costs associated with providing a hidden metal
structural post system for the decorative fiberglass. Fiberglass is also regarded as a poor
substitute material for cast iron.
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Summary of Rail Alternatives

Alternative One

Restore salvageable historic posts and rosettes. Replace unsound posts and
rosettes with new ductile iron castings that replicate the historic components,
Replace all existing rails with new color galvanized steel rails. Infill the rail
openings with new 2"x2” stainless steel mesh panels mounted on the internal
side.

Alternative Two

Restore salvageable historic posts and rosettes. Replace unsound posts and
rosettes with new ductile iron castings that replicate the historic components.
Replace all existing rails with color galvanized steel rails. Add an entirely
new and independent guardrail system to the inside of the existing rail system,

Alternative Three

Totally remove the existing historic rail system. lnstall an entirely new and
“off the shelf” steel guardrail system built from the manufacturer’s standard
rail components.

Alternative Four

Totally remove the existing historic rail system. Install an entirely new ductile
cast iron post and rosette rail system with color galvanized steel pipe rails.
The posts and rosettes would be cast from molds replicating the existing cast
historic components. Infill the rail openings with new 2"x2” stainless steel
mesh panels. This alternate, when painted, would look similar to Alternative
One above.

Alternative Five

Totally remove the existing historic rail system. Install an entirely new cast
aluminum post and rosette rail system with color galvanized steel pipe rails,
The posts and rosettes would be cast from molds replicating the existing cast
historic components. Infill the rail openings with new 2"x2" stainless steel
mesh panels. This alternate, when painted, would look similar to Alternative
One above.

Alternative Six

Totally remove the existing historic rail system. Install an entirely new
decorative fiberglass post and rosette rail system with color galvanized steel
pipe rails. An internal structural steel post is required. Posts and rosettes
would be cast from molds replicating the existing cast historic components.
Infill the rail openings with new 2"x2” stainless steel mesh panels. This
alternate, when painted, would look similar to Altemative One above, but
would not have the look or feel like cast iron. The major difference between
them would be the size of the posts. The fiberglass post would be noticeably
larger (About 2-4” larger at the base) in order to cover the steel structural
railing system. The post and rosettes would need to be cast into two separate
pieces in order to install them over the hidden steel structural system. This
Joint between the post and rosette halves would be clearly visible.

Alternative Three
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Other Railing Designs
Considered

Two other guardrail systems were
explored during the design process.
These systems were developed in order
to illustrate the range of designs
considered. PhotoShop renderings are
included so that they can be considered
by all stakeholders.

Both designs are variations on
Alternative  One. The difference
between Alternative 1 and these designs

the safety issues created by the large
openings at the existing rails.

(13

by installing 1/2” diameter vertical
galvanized steel bars at 4” on center
between the upper and lower rails. This
design introduces a vertical element that

contrast with the existing horizontal

railing system. Alternative One, Vertical Bar
Design, would be comparable in cost to
Alternative One or $1,045,000.

Design “la”:
Vertical Bar Design,
View From Bridge

Design “la”:
Vertical Bar Design,
View From Charles River
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Design “1b” resolves the safety issue
by installing 27x2” stainless steel
mesh panels between the triangular
shaped openings formed by the
railings. This design clearly delineates
the geometry of the original historic
structure. Design “1b”, Recessed Mesh
Panels, would be approximately five
percent ~more  expensive  than
alternative One or $1,098,000.

Design “1b":
Recessed Mesh Panels,
View From Charles River

Design “1b":
Recessed Mesh Panels,
View From Bridge




Probable Construction Costs of Alternatives

Echo Bridge
Item# Description
Alternative Six
Entirely New
Decorative Fiberglass
Sim. Hist. Guardrail®

Alternative Five
Entirely New
Alum. Simulated
Hist. Guardrail *

1 General Conditions

Install site fencing + fall protection

For safety reasons, the bridge railings are defn

Field stripping of lead based paint at cui 25.000 25.000
Remove rust stains from granite 10,000 10,000
Disassemble + remove offsite historic 10.000 10.000
Shop blast + removal of lead paint off si 63.000 63.000
TLCP Testing, lead paint removal off sii _ 0 0
Refurbish existing posts + roseites with 25.000 25,000
COnServator inspection and sTucral e 0 U
Pattern cast of bridge post 0 0
Pattemn cast of “BWW” rosette 20.000 7.000
Pattern cast of landing post 2,500 2.500
Replacement posts 12,000 5,000
Replacement rosecttes 186,300 100.000
‘Supply + fabricate pipe railings 46,§OO 30,000
Color galvanize steel pipe railings 71,500 55,000
Sand blast + paint new cast iron 0 27,500
Install railing assembly 0 0
Site repair 165,000 178.750
3.000 3.000
Safety and Code Compliance
Galvanized steel structural post system
Steel pipe rail of meshed panels 0 78.000
Color galvanize railing system 0 0
Core drill post holes 0 0
Install guardrail 0 0
Stainless steel wire mesh panels 0 s 0
Paint wire mesh panels 66.000 55.000
Instal! wire mesh panels 13.200 11.000
Accessibility compliance 33.000 27.500
. N.ILC. NIC.
752,300 713250
General Requircments
Contingency

Bond 188,075 178313

_37.615 35,663

977,990 927,225

g the possibility of an accidental fall,
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