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REPLY TO
ATTENTION OF:

NEDED-E 10 January 1979

SUBJECT: Cape Cod Canal Bridges
Major Rehabilitation Project, Design Memorandum

HQDA (DAEN-CWE-B)
WASH DC 20314

1. In accordance with ER-1130-2-417, there is submitted for review anc
approval the Design Memorandum for Cape Cod Canal Bridges, Major Pehabili-
tation Project.

2. Reconnaissance Reports for the project were submitted in July and
August of 1977 and the project accepted under the Major Rehabilitation
Program.

3. A supplementary environmental impact statement has been prepared for
the project and will be forwarded under separate cover.

4. It is recommended that the project plan submitted in this memorandum
be approved as the basis for preparation of contract plans and specifica-
tions.

5. It is recommended that authority for review of the plans and specifi-
cations for the Bourne Bridge be delegated to the Division Engineer. This
will permit an earlier award and ensure sufficient lead time for full
construction activities to begin 5 Sept 1979.

FOR THE DIVISION ENGINEER:

ﬁ M—/
Incl (10 cys) E JOE B. FRYA% j

as Chief, Engineering Division



DAL - wk-BB (XEDED-E, 1V Jan ‘(v) 1st Ind
SUbdect:  Cape Cod Cunal Bridges
Major Rewabilitation Yroject, besign tcmorandumn

DA, foiée of the Chief of Engineers, washington, D.C. 20314 12 February 1979
T0: Division Engineer, New England, ATTN: NEDED-E

1. The subject design memorandum is approved, subject to the comments
furnished in the following paragraphs.

2., The design memorandum should be supplemented for the record to provide

“ {nformation as to the ownership of the Bourne and Sagamore Bridges and

whether or not additional permanent or temporary interests in real estate
will be required. The jnformation should include a brief Attorney's
Report establishing the present ownership (compensable interest) in the
existing bridge facilities and the right-of-way in which they are located
(see ER 1180-1-1, paragraph 73-20k).

3, Paragraph 16e. The last sentence in this paragraph should be modified
to include lightweight concrete aggregates produced by the sintering process.

}, Paragraph 16i. This paragraph should include data on the bondability
of epoxy bituminous waterproofing to steel grid and lightweight concrete

as well as data on the bondability of the waterproofing to the bituminous
pavement.

5, Paragraphs 21, 22 and page 30. Although the Bourne Bridge has almost
twice the square footage as the Sagemore Bridge, item A2 shows the same
unit price. The schedule also shows the same construction time for both
bridges. These apparent time and cost jnconsistencies should be rectified.

6. Basic letter, paragraph 5. The recommendation that approval authority
for the plans and specifications be delegated to the Division Engineer is
not approved. However, an expedited :eview by OCE staff, including on-
board review, if required, will be arranged to minimize any adverse impact
on the construction schedule.

FOR THE CHIEF OF ENGINEERS:

’ / R 4
cxbk ‘[. (’ﬂ/}@'vnrdrw
Incl /}éCK R. THOMPSON

wd cting Chief, Engineering Division
Directorate of Ccivil Works
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MAJOR REHABILITATION PROJECT
CAPE COD CANAL BRIDGES
CAPE COD CANAL
BOURNE, MASSACHUSETTS

A. PERTINENT DATA

PROJECT NAME
PURPOSE
PHYSICAL FEATURES

Cape Cod Canal

Navigation

" Total Length including Dredged Approaches 17.4 miles

Vertical Clearance above MHW

Sagamore Highway Bridge

Length in Land cut - - - 7,7 miles
Minimum Channel Width : - 500 feet
Minimum Depth at Mean Low Water 32 feet
VESSELS TRANSITING - 1977
Commercial €,981
Recreational 22,225
FEATURES TO BE REHABILITATED
Bourne Highway Bridge
Number of Lanes 4
Width of Lane 10 feet
Total Length 2684 feet
Number of Spans 7
Maximum Span Length 616 feet
State Highway Route 28

135 feet min.

Number of Lanes 4

Width of Lane 10 feet
Total Length 1833 feet
Number of Spans 3
Maximum Span Length 616 feet
State Highway Route 6

Vertical Clearance above MHW

135 feet min.



ESTIMATED COST OF REHABILITATION

Bourne Highway Bridge

Repairs to Structural Steel

Remove and Replace Concrete Deck

Paint Superstructure

Contingencies

Preparation of Plans and Specifications
Supervision and Inspection

Sub-Total
Sagamore Highway Bridge
Repairs to Structural Steel
Remove and Replace Concrete Deck
Paint Superstructure .
Contingencies

Preparation of Plans and Specifications
Supervision and Inspection

Sub-Total
Total Estimated Cost of Rehabilitation

B. AUTHORIZATION

$ 1,160,000
4,406,800
400,000
1,183,200
350,000
600,000

$ 8,100,000

370,000
2,640,000
270,000
650,000
250,000
320,000

$ 4,500,000

$12,600,000

1. Project Authorization. - Reconnaissance reports were prepared and submitted
to the Chief of Engineers on 3 August 1977 for the Sagamore Bridge and on

31 August 1977 for the Bourne Bridge. The first endorsement to these reports,
Office of the Chief of Engineers to Division Engineer, New England, dated

5 December 1977, states that the proposed project qualified under the Major
Rehabilitation Program and was included in the FY 79 President's Budget

request to Congress. This memorandum was prepared as required by paragraph

6c. of ER 1130-2-417 and its scope and content is in accordance with Appendix B
of that regulation.

C. LOCATION AND DESCRIPTION

2. Project Location. - The Cape Cod Canal is a sea level canal located about
50 miles south of Boston, Massachusetts, crossing a narrow neck of land which
joined Cape Cod to the mainland. The canal extends from Cape Cod Bay at the
east end to Buzzards Bay on the west end. Cape Cod became an island with
construction of the canal. Communities adjacent to the canal are the Towns




of Bourne and Sandwich, Massachusetts. State Highways 6 and 28 and a single
track rail line cross the canal on three separate bridges. The highway
bridges are high level structures providing for the project vertical clearance
of 135 feet above mean high water. The railroad bridge is a single span
vertical 1ift bridge which is lowered to pass trains but is normally kept

in its up position to provide the required vertical clearance for shipping.
The two highway bridges, known as the Bourne Bridge (carrying Route 288 and
the Sagamore Bridge (carrying Route 6), the superstructures of which are the
features of the Cape Cod Canal to be rehabilitated under the current project
are the subject of this memorandum.

3. Description of Bourne Bridge. - The Bourne Bridge traverses the canal in
the Town of Bourne, Massachusetts carrying State Highway Route 28. It provides
one of the two crossings for motorists and pedestrians traveling to and from
the Cape. The bridge is located approximately two miles from the western
entrance to the canal as shown on the Location Plan, Figure 1. The bridge
carries four ten-foot wide traffic lanes plus a sidewalk and provides a
minimum vertical clearance of 135 feet over a horizontal distance of 480 feet
for shipping using the canal. The bridge consists of seven spans. Simple
truss spans of 240 feet and 270 feet on the south side and 240 feet and 208
feet on the north side, flank the three continuous channel spans. The trusses
in the center of the channel span are arched, reaching a height of 120 feet
above the roadway, with the roadway suspended by wire rope hangers. The
substructure consists of two channel piers, four intermediate piers and
two abutments, all of reinforced concrete. The total bridge length between
centerlines of abutment bearings is 2,384 feet. In addition, each abutment
provides a concrete framed deck, 150 feet long, making the total structure
length 2,684 feet. Figure 2 is a photograph of the bridge and Figure 4 is
a key plan identifying major features of the bridge. In addition to its
?ighway function, the bridge carries telephone lines and a natural gas pipe-
ine.

4. Description of Sagamore Bridge. - The Sagamore Bridge traverses the canal

in the Town of Bourne, connecting State Highway Route 3 on the mainland with

State Highway Route 6 on Cape Cod. It provides the second of the two cross-

ings for motorists and pedestrians traveling to and from the Cape. The bridge

is located approximately two miles from the eastern entrance to the canal at

Cape Cod Bay as shown on the Location Plan, Figure 1. The bridge carries four
ten-foot wide traffic lanes plus a sidewalk providing a minimum vertical clearance
of 135 feet over a horizontal distance of 480 feet for shipping using the canal.
The main support of the structure consists of two three span continuous trusses,
jdentical to those of the three center spans of the Bourne Bridge, supported

1




by concrete abutments and two concrete channel piers. The approach spans
are 396 feet long and the center spap across the canal is 616 feet long
for a total length of 1408 feet between centerlines of abutment bearings.
In addition, concrete framed decks of 225 feet in length at the south side
and 200 feet on the north side are provided by the abutments, making the
total structure length 1833 feet. Figure 3 is a photograph of the bridge
and Figure 5 is a key plan identifying major features of the bridge. In
addition to its highway function, the bridge carries telephone lines and

a natural gas pipeline.

D. HISTORY OF BRIDGES

5.  Original Construction. - The Cape Cod Canal was originally constructed
by private interests, being completed in 1916. The United States Government
purchased it in 1928. The canal was placed under the supervision of the
Corps of Engineers and was widened and deepened to its present capacity
under the National Industrial Recovery Act of 1933. The War Department
authorized funds in 1933 for the construction of three new bridges made
necessary by the widening of the channel. A total of $2,967,000 was
expended on the construction of the two highway bridges; $1,603,000 on
theiBourne and $1,364,000 on the Sagamore, which were opened to traffic

in 1935.

6. Original Design. - The structures were designed substantially in accor-
dance with the Standard Specifications for Highway Bridges and Incidental
Structures adopted by the American Association of State Highway Officials,
published in 1931, extended to cover silicon steel. The main truss members
are composed of built-up members of riveted construction with numerous
lacing bars and stay plates. The use of high strength (silicon) steel,
lightweight (Haydite) concrete and continuous design of the trusses for

the Sagamore and center three spans of the Bourne, contributed to the
graceful lightweight appearance of the bridges. The concrete roadways are
supported by longitudinal steel stringers, spaced 5 feet on centers, which
in turn are supported by transverse floorbeams located at truss panel
points. The bottom surface of the roadway slab is flush with the underside
of the stringer flanges thereby providing lateral support for the top
(compression) flanges. Details of the superstructure framing are shown

on Figures 6 thru 16. The center 550 feet of span one on each bridge

is suspended from the arched trusses by 3%-inch diameter wire rope hangers.
The geometric design of the bridges provides for a roadway width of 40
feet (4 - 10-foot Tanes) flanked by a 6 foot 8 inch wide sidewalk on one
side and a 2 foot wide safety curb on the other. Sixteen-inch high vertical




granite curbing separates the roadway from the sidewalk and curb. A

heavy duty combination traffic and pedestrian railing is located on the
outsides of the safety curbs and sidewalks. The approach roadways to span 1
over the canal are on a six percent vertical gradient with a 700 foot

long vertical curve which has its point of intersection (crown) at the
center of span 1 (Panel Point 16).

7. Effects of Storm Damage. - There is no evidence that the bridges have
ever suffered storm damage. The bridges have withstood the effects of
several hurricanes without apparent distress.

8. Progressive Deterioration. - Progressive deterioration has occurred

at both bridges to more or less the same extent. Most of the deterioration
which has occurred can be attributed to either the salt atmosphere or to
the effects of deicing salts used on the roadways during winter. The
original roadway concrete was waterproofed with an unreinforced cut back
asphalt. The waterproofing did not function well and allowed salt-con-
taminated water which penetrated the bituminous concrete wearing surface

to enter the concrete, deteriorate the reinforcing steel embedded in it

and cause spalling, especially in the areas adjacent to the curbs. This
necessitated considerable patching of the roadway slab and replacement

of five foot widths of slab adjacent to the curbs in 1962 at the Sagamore
Bridge and in 1963 at the Bourne Bridge. The salt atmosphere, water penetrat-
ing the roadway and wator leaking thru the open roadway joints has made
maintenance of the paint system difficult and some deterioration of the
supporting steel has occurred. An additional factor contributing to the
current poor condition of paint on the structural steel, is the details

of construction of the truss and bracing members. The built-up box type
members with numerous lacings and plates are very difficult to clean
properly before painting. Evidence of areas of poor consolidation of the
1ightweight concrete in the roadway slab has been apparent since shortly
after construction was completed, with the occurrence of several holes in
the roadway slab, the first being at the Bourne Bridge in 1937. Deteriora-
tion has reached the stage where normal maintenance procedures will not
suffice making the current rehabilitation project necessary.

9. Repairs Previously Made. - Tables 1'and 2 present chronologies and
costs of maintenance work contracted during the 1ife of the Bourne and
Sagamore Bridges respectively. Not included are costs of periodic inspec-
tions and maintenance performed by government personnel, administrative
costs or fees of consultants retained to perform inspections and prepare
condition evaluation reports. Previous major rehabilitation of the bridges
was carried out during 1962 at the Sagamore and during 1963 at the Bourne
as shown in the tables.




TABLE 1

BOURNE HIGHWAY BRIDGE

CHRONOLOGY OF EXPENDITURES FOR MAINTENANCE AND REHABILITATION

FISCAL
YEAR CONTRACT TITLE DESCRIPTION OF WORK COST
1938 PAINTING PAINT SUPERSTRUCTURE $§ 14,046
1938 PAVING SEAL COAT - SHEET ASPHALT 8,838
1947 PAINTING PAINT SUPERSTRUCTURE 34,550
1949 PAVING REPLACE BITUMINOUS PAVEMENT 29,490
1952 PAINTING PAINT SUPERSTRUCTURE 65,879
1958 PAINTING PAINT SUPERSTRUCTURE 44,494
REPAIRS TO BOURNE AND
1959 SAGAMORE BRIDGES REPLACE 4 ANCHOR BOLTS - PIERS 3 AND 5 1,468
BOURNE HIGHWAY BRIDGE RESURFACE ROADWAY AND SIDEWALK, INSTALL NEW CURBING, REPLACE 1,039,848
1963 MAJOR RENOVATION 5-FOOT STRIPS OF DECK CONCRETE ADJACENT TO CURBS, ELECTRICAL WORK,
NEW ROADWAY SCUPPERS, REPAIRS TO CONCRETE, ACCESS LADDERS, PLATFORMS
AND DOWNSPOUTS
1967 PAINTING PAINT SUPERSTRUCTURE 144,400
SAGAMORE AND BOURNE
1969 HIGHWAY BRIDGES PRESSURE GROUTING OF CRACKS IN ABUTMENTS AND PIERS 27,455
STRUCTURAL REPAIRS
1971 PAINTING PAINT RAILINGS 21,497
1973 PAINTING PAINT SUPERSTRUCTURE 260,970
STRUCTURAL REPAIRS REPAIRS TO 2 STRINGERS - SPAN 4
1976 TO BOURNE BRIDGE REPLACE SIDEWALK BRACKET - 3FAN 1 40,720
—_—— == e ——— === e —————
REMOVAL OF BIRD EXCREMENT
1976 FROM ABUTMENTS — $ 6,835
HANGER CABLE
1976 REPLACEMENT REMOVE 2 PAIRS OF CABLES FOR TESTING AND REPLACE WITH NEW CABLES 146,370




TABLE 2

SAGAMORE HIGHWAY BRIDGE

CHRONOLOGY OF EXPENDITURES FOR MAINTENANCE AND REHABILITATION

FISCAL

YEAR CONTRACT TITLE DESCRIPTION OF WORK COST

1938 PAINTING PAINT SUPERSTRUCTURE $ 8,000

1938 PAVING SFAL COAT - SHEET ASPHALT - 5,149

1942 PAINTING PAINT RATLINGS 4,314

1947 PAINTING PAINT SUPERSTRUCTURE 18,000

1952 PAINTING PAINT SUPERSTRUCTURE 36,000

1955 PAVING REPLACE BITUMINOUS PAVEMENT 22,985
REPAIRS TO BOURNE AND

1959 SAGAMORE -BRIDGES REPLACE ROLLER NEST WEST TRUSS BEARING AT NORTH ABUTMENT 4,000
RENOVATION OF SAGAMORE RESURFACE ROADWAY AND SIDEWALK, INSTALL NEW CURBING, REPAIR

1962 HIGHWAY BRIDGE EXPANSION JOINTS, REPLACE 5-FOOT STRIPS OF DECK CONCRETE ADJACENT 560,747

TO CURBS, ELECTRICAL WORK, NEW ROADWAY SCUPPERS, REPAIRS TO CONCRETE

1963 PAINTING PAINT SUPERSTRUCTURE 35,090
BOURNE AND SAGAMORE ADD ACCESS LADDERS AND PLATFORMS, SCUPPER DOWNSPOUTS, REPAIR

1963 HIGHWAY BRIDGES MAJOR UNDERDECK CATWALK, REPLACE RAILING BOLTS 80,000
REHABILITATION-STRUCTURAL
SAGAMORE AND BOURNE

1969 HIGHWAY BRIDGES STRUC- REHABILITATION OF SIDEWALK AND CURB, REPATR CRACKS IN SUBSTRUCTURE 90,000
TURAL REPAIRS

1969 PAINTING PAINT SUPERSTRUCTURE 154,200
SAGAMORE BRIDGE REPAIR STRUCTURAL MEMBERS, CONCRETE, EXPANSION JOINTS, RAILINGS

1974 RENOVATION AND MISCELLANEOUS WORK 679,308




10. Current Condition. - In-depth inspections of the bridge superstruc-
tures were conducted during 1975 and 1976. The results of the inspections
and related investigations are contained in two Condition Reports filed
with the Chief of Engineers on 18 April 1977. Those reports are entitled,
"Sagamore Highway Bridge, 1976 Condition Report" and "Bourne Highway
Bridge, 1976 Condition Report." They constitute the source for the des-
criptions of current conditions and recommended repairs described in this
memorandum. The current condition (1976) of the various general categories
of components of the bridges are summarized below.

a. Abutments and Piers. - The abutments and piers are in good condi-
tion with no serious cracking. Hairline cracking evident at most of the
piers was determined to be structurally insignificant. A spalled area on
the west pylon of Pjer 6 at the Bourne Bridge will require repair. Founda-
tion stability of the substructure components was evaluated as part of the
1969 Condition Survey of the Sagamore Bridge and the 1971 Condition Survey
of the Bourne Bridge. It was concluded in the reports of those surveys
that the foundations were in a stable condition. Horizontal and vertical
controls have been established for abutments and piers and are surveyed
periodically. The results of these surveys and soundings taken at the
channel piers indicate that the conclusions regarding foundation stability
‘at the two bridges are still valid.

b. Truss Bearings. - Truss bearings are functioning properly and are
generally in good condition being maintained yearly. Certain truss bearing
anchor bolts at Piers 3, 4 and 5 of the Bourne Bridge are bent and will
be modified.

C. Truss Members and Connections. - The plates and shapes which make
up the truss members are in good condition although a number of rivets,
lacings and stay plates require replacement. Truss connections are in
good condition mainly requiring the replacement of a limited number of
rivets whose heads have deteriorated beyond an acceptable level. Additionally
at the Bourne Bridge, several stiffener plates and a gusset plate require
repair.

d. Truss Bracing Members and Connections. - The bracing for the
trusses is comprised of the upper lateral, lower lateral and sway bracing
systems. The upper and lower lateral systems account for the greatest
number of deteriorated members on the bridges. Numerous rivets and Tacings




[

require replacement. Many horizontal gusset plates and the ends of the
bracing members connected to them have deteriorated due to moisture and
guano deposits and require reinforcement or replacement. Heavy rusting
between back to back angles has distorted many of the angles making up
the bracing members. Many of the upper Tateral bracing members of spans
4, 5, 6 and 7 of the Bourne Bridge are sagged due to their own weight,
in some cases as much as 7 inches. These members and the lower lateral
bracing in the same spans do not meet the slenderness ratio requirements
of current specifications and will be stiffened by adding additional
steel to them. The stiffening will also provide strengthening to those
members which have lost significant area due to deterioration. Certain
vertical sway bracing requires strengthening in the same manner.

e. Cable Hangers. - The cable hangers which support the suspended
roadway of span 1 were the subject of intensive investigation and testing.
The pairs of cables at panel points 12'W and 16E on the Bourne Bridge and
at panel points 14'W and 15E on the Sagamore Bridge were removed and
replaced with new cables. The removed cables were subjected to physical
and metalurgical testing to determine their strength and probable remain-

ing 1ife. The results and conclusions of the investigations are contained

in a report entitled, "Sagamore and Bourne Highway Bridges - Suspended
Cables 1976 Condition Report." In summary, the report states that the
tested cables still possess their originally specified strength and that
the galvanized coating has started to breakdown, particularly at the
bottom of the cables where they enter the bottom socket. These areas
are subject to roadway sand and drainage from salt contaminated snow-
melt. They are difficult to clean and practically inaccessible for
maintenance. The report further states that it will be 10 to 15 years
before extensive corrosion may be expected to occur. Continued regular
inspection is recommended in order to detect accelerating corrosion
which might occur and certain maintenance procedures are outlined.
Eventual replacement of the cables is foreseen as no known maintenance
procedure will completely arrest the deterioration of the galvanized
coating and subsequently the wire strands at critical locations. The
Reconnaissance Reports excluded the replacement of these cables from
the current rehabilitation project in accordance with project guidelines.
The first endorsement to the Reconnaissance Reports received from the
0ffice of the Chief of Engineers on 5 December 1977, suggests that a
waiver of the guideline requirements (ER 1130-2-417) could be requested
if justified by economies of scale resulting from early replacement and
inclusion in the current rehabilitation project.



Further study indicates that while such economies of scale might be
achieved, other considerations make it advisable to defer replacement at
this time. The seasonal traffic volumes carried by the bridges limit the
length of construction season, useful for deck replacement, to such an
extent that inclusion of cable hanger replacement would extend the construc-
tion period an additional year at the Bourne Bridge. With experience
gained from work at the Bourne Bridge, the first to be rehabilitated,
consideration will be given to including cable replacement in the rehabili-
tation of the Sagamore Bridge. Cable replacement when not done in con-
Junction with the rehabjlitation, would not require closing down lanes

of the bridges for long periods and the bridges could be fully open for
heavy weekend traffic. Recommended maintenance procedures relative to

the cab}es will be closely followed to slow deterioration and extend their
useful Tife.

f. Roadway Supporting Steel. - The 60-inch deep floor beams spanning
50' between trusses, spaced at distances from 26 to 44 feet apart in the
various spans of the Bourne Bridge and at 44 feet at the Sagamore Bridge,
are generally in good condition. Typical corrosion in the floor beams
has occurred at the top flanges beneath the sidewalk areas and at those
floor beams located beneath the roadway expansion joints. The brackets
attached to the floor beams supporting the sidewalk and curb channels
at the ends of the suspended spans are in poor condition and require
repair. There are nine lines of stringers supporting the roadway between
floor beams. They are spaced at 5 feet and are either 24-inch or 27-inch
deep beams of various weights depending on the spacing of the floor beams.
Typical corrosion at the stringers has occurred on the top of the bottom
flange and bottom of webs on the outside roadway stringers, a result
of water leaking through the roadway at the gutter lines. The worst
of this corrosion has occurred at the point where the stringers connect
to the floor beams and the worst two were repaired in 1976.

g. Suspended Floor Bracing. - The bracing for the suspended floor
consists of lTongitudinal wind chords at each side of the deck connected to
the ends of the floor beam and diagonals. At panel points 10 and 10°
on the Bourne Bridge Teakage through the roadway joints has caused
significant deterioration to the lacings and rivets of the end struts
connecting the wind chords. Another area at which corrosion has occurred
in both bridges is at the diagonal members where the catwalk grating rests
upon them. The diagonals must be reinforced where significant loss of
mental has taken place.
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h. Sidewalk Supporting Steel. - The channels supporting the side-
walk are in good condition except for deterioration at the clip angles
which support them at the top of floor beams. Corrosion is also common
in the angles and connecting gussets of the sidewalk bracing. Most of
the space between upper and lower horizontal bracing connecting the two
sidewalk support channels is occupied by wooden telephone ducts. These
ducts will have to be moved temporarily to properly clean and repair
the bracing.

i. Deck Concrete. - Condition of the deck concrete was determined
by visual inspection of the underside of the deck and by tests made on
six 4-inch diameter cores taken from the decks of each of the bridges.
The deck between the exterior stringer and the first interior stringer
on each side of the bridges were rebuilt during the 1962 and 1963 reno-
vations of the Sagamore and Bourne Bridges, respectively. Buckle
plate construction was used in these areas and the underside of the
concrete could not be visually inspected. The bituminous concrete
wearing course precluded inspection of the top surface of the deck
concrete. The under deck inspections revealed numerous areas of
spalled concrete and exposed reinforcing steel. The typical areas of
spalling occurred along the top flanges and the floor beams, between
stringers and at areas where patching has been done previously. It is
estimated that 5 percent of the area of under deck concrete is spalled.
The deck concrete was constructed with lightweight (Haydite) aaarecate.
The core samples indicate extensive honeycombing of this concrete anc
deterioration of the reinforcing steel in it. Four cores at the Bourne
Bridge and one core at the Sagamore Bridge exhibited excessively high
chioride contents. Eight of the twelve cores were described as being
either honeycombed or poorly compacted, with one of the cores from the
Bourne Bridge, tested for strength, exhibiting extremely low (1320 psi)
compressive strength. The following paraaraph 1is contained in the
report on core sample investigations by the Construction Technology
t aboratories of the Portland Cement Association and summarizes their
conclusions regarding the existing deck concrete:

. “In terms of materials and type of application, the Haydite concrete
is o§v10usly inadequate due to lack of consolidation, areatly facilitating
cyclic freeze-thaw damage and paste deterioration via deicer chemicals. )
Petrographic observations of the paste revealing microcracks, some open or
partially filled with ettringite suggest continuing deterioration.”
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It is concluded that the concrete decks of the structures are in poor
condition throughout and in need of complete replacement at this time.

j. Bituminous Concrete Wearing Course. - The 2%-inch thick bituminous
concrete pavements on the roadways were replaced as part of the renova-
tions of 1962 and 1963. Currently there are numerous cracks in the pave-
ment which allow water to penetrate.

k. Miscellaneous Items. - The following is a listing of miscellaneous
bridge components together with a summary of their general condition.

Catwalks - A limited number of support angles and gratings are
deteriorated and require repair or replacement. Some sections of gratina
require refastening. Generally the catwalks are in good condition and
provide safe access. ‘ '

Failings - The main structural elements of the railings are in
good condition. The 1-inch square palings are subject to roadway spash
and require continual maintenance and repair.

Light Standards - Some rivets, bolts and lacings are deteriorated
and require replacement.

Roadway Expansion J)ints -

Sagamore Bridge - The original roadway joints (a total of four)
were replaced in 1974 with transflex type joints. They have performed well
except for damage to the tops of the larger joints by the action of plow
blades during snow removal.

Bourne Bridge - The roadway joints (a total of eigh?) were replaced
as part of the 1963 renovation with sliding plate or open finger joints similar
to the original joints. The existing joints still allow passage of wgter
resulting in continued deterioration of supporting steel. Epoxy co§t1ngs
and the addition of baffle plates has slowed the rate of deterioration of the
steel beneath the joints.

1. Painting System. - The original painting system protecting the
structural steel on the bridges consists of two coats of red lead and linseed
0il and a finish coat of white lead and linseed 0il. The finish coat had
the following formulation by weight:
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White Lead, basic sulphate 67.6 Per Cent
Linseed 0il, raw 23.6 " "
Tinting Color 6.1 " "
Drier 1.8
0.9

Turpentine

Subsequent repaintings have been done with a ready-mixed paint consisting
of aluminum paint, tung oil and phenolic varnish. The steel within 10 feet
of the roadway joints was coated with a coal tar epoxy. The Sagamore Bridae
has been repainted five (5) times since its construction. The painting
contracts were awarded in fiscal years 1938, 1947, 1952, 1963 and 1969. The
Bourne Bridge has been repainted six (6) times since its construction.
Painting contracts for the Bourne Bridge were awarded during fiscal years
1938, 1947, 1952, 1958, 1967 and 1973. The latest repainting contracts

at the bridges specified the following:

Surface Preparation and ~ Fresh water jetting, solvent

Pretreatment cleaning and wire brushing (or
equivalent)

First Coat Fed. Spec. TT-P-86, Type II

(Red Lead - mixed pigment -
alkyd varnish - linseed oil
paint)

Second Coat and Third Coat ’ Aluminum Paint, Tung oil -
Phenolic Varnish (Ready Mixed)

The paint on the bridges is currently in poor condition. Flaking, blister-
ing and surface rust is evident to some degree on all members. The problem
is especially evident on horizontal connection plates and at areas where
water has leaked through the roadway. Improper cleaning prior to repainting
is a serious cause of continued deterioration. Much of the steel work con-
sists of built up members with numerous lacing bans, stay plates, rivets
and connection plates. This type of steel construction is very difficult
if not impossible to clean by ordinary methods. Certain areas, such as the
insides of truss members, present difficult working conditions and have not
received adequate attention during repaintings.

11. Suitability of Original Design. - The bridges as originally designed
were suitable for the intended project purpose. They were designed and
constructed in accordance with the most advanced state of the art at that
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time and have carried all of the vehicular traffic to and from Cape
Cod for the 43 years since they were built. The deficiencies which
are apparent today are a result of increased traffic volume, high
speed travel, size of vehicles, increased use of truck transportation
and use of deicing salts, all of which could not have been projected
40 years into the future by those who conceived the structures that
were built.

12. Adequacy for Current Conditions. - As stated previously the bridaes
are 1inks in major state highways with approximately 8,000,000 vehicles
crossing the Bourne Bridge and 9,500,000 vehicles crossing the Sagamore
Bridge each year. The number of vehicles has increased substantially
since the bridges were constructed and is projected to continue to
increase in the future with further development in the Cape area and
increasing use of recreational facilities available there. The road-
ways on each bridge provide four 10-foot wide traffic lanes, two in

each direction, with no provision for shoulders or breakdown lanes.

The average daily traffic during the months of July and August can

run as much as one and one-half to two times the average daily traffic
for the year. Numerous delays occur during peak travel hours of the
peak months due to vehicles breaking down on the bridges. The sub-
standard lane widths, lack of shoulders, steep vertical grades and
roadway circles on the north approaches to the bridges impede the

flow of traffic even when there are no obstructions on the bridges.
Repairs to the structures which would affect traffic movement must be
scheduled during off-peak periods. This requirement restricts the prime
construction season for such work as deck replacement to approximately
three months in the spring and three months in the fall. From the
latter part of December to the end of February, climatic conditions

and the exposed environment limit meaningful progress. Even during
off-peak seasons, the weekend traffic can be heavy with long delays

to motorists resulting if any lanes are closed. Eventually, increasing
traffic volumes will necessitiate an additional bridge across the canal.
There are no current plans for an additional crossing and the Bourne

and Sagamore Bridges must continue to perform their functions within
their geometric limitations. The bridges as constructed are capable of
carrying present traffic volumes with the peak period travel delay mentioned
above. It is not feasible to add to the roadway width of the existing
structures to an extent which would appreciably increase current design
highway loadings without significant overstress.
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13. Necessity for Proposed Rehabilitation. - It is necessary that the
rehabiiitation project be undertaken at this time so that required work can
be accomplished during a reasonable time span with inconveniences to the
traveling public kept to a minimum. The bridges are essential 1links in

the state highway system and critical to the region they serve. Their
project purpose would not be served by making 1imited repairs which would
increase in frequency, resulting in disruption of traffic including commuter
transportation, school buses, emergency vehicles and higher ultimate costs.
The proposed rehabilitation project will ensure the ability of the bridges
to perform their function an estimated 40 years into the future with normal
maintenance. It is most probable that the impetus for a new or additional
bridge will materialize within this time and that the existing bridges will
have served their purpose or have their use somewhat diminished.

" E. PLAN FOR REHABILITATION

14. General. - The intent of the rehabilitation project is to repair or
replace those portions of the structures which have deteriorated to an
extent where their integrity is affected or could be affected if deteriora-
tion is allowed to continue. The major features of the project include
removal and replacement of the concrete deck which accounts for seventy (70)
percent of the estimated cost, repairs to deteriorated steel and strengthen-
ing of certain bracing members which will require approximately twenty (20)
percent of the project cost and cleaning and painting of the steel super-
structure which accounts for the remaining ten (10) percent of the cost.

15. Repairs to Structural Steel. - Required repairs to the structural steel
at the Bourne Bridge are listed on Figures No. 19 thru 22 and at the Sagamore
Bridge on Figures No. 23 and 24. Details of strengthening the lateral bracing
systems on the approach spans (spans 4, 5, 6 and 7) of the Bourne Bridge are
shown on Figure 25. The slenderness ratio of these bracing members is above
that allowed by current code and they have sagged considerably. The proposed
strengthening consists of adding angles or channels to the existing members
which will remain in place. Figure No. 26 shows typical details for repairs
to stringers and for repair or replacement of brackets at panel points 10 and
10' at both bridges. The temporary support systems depicted have been
utilized in previous repairs and proven satisfactory. A summary of the number
and types of steel repairs required at the bridges is tabulated below. Where
the percentage of rivets being replaced at a member connection exceeds 50,
all of the rivets in the connection will be replaced.
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TYPE OF REPAIR ~ SAGAMORE BOURNE TOTAL

1-3 4-7
Replace Rivet with
H.S. Bolts 929 2126 372 3427
Repair or Replace Plates 102 144 31 277
Replace Lacings 878 2249 339 3466
Repairs to Members 46 88 125 259

It is anticipated that additional steel repairs will be required in areas which
are now obscured by the deck and which will become apparent when the decks are
removed. The estimate.of costs for steel repairs includes an allowance of 20
percent of the cost of known repairs for this contingency. Certain truss
bracing members in spans 1, 2 and 3 of the bridges must also be strengthened
due to the torsional effects of phased deck removal.

16. Removal and Replacement of Concrete Decks. - Removal and replacement of
concrete decks must be accompTished in a sequence which will allow maintaining
one lane open for traffic at all times and all lanes open during the peak
summer travel season. Procedures for removal and replacement together with
necessary restrictions are discussed in the paragraph on construction pro-
cedures. Details of the recomended replacement decks are shown on Figure

No. 27. The proposed toncrete filled steel grid deck was selected after

study of the eight alternative systems listed in Table 3 with their approximate
weights and relative costs. The reinforced concrete alternatives (I thru IV)
were developed from guidelines set forth in the "Federal-Aid Highway Program
Manual," Volume 6, Chapter 7, Section 2, Subsection 7, "Concrete Bridge Decks."
Consideration was also given to orthotropic steel plate and precast concrete
systems. An orthotropic plate deck would require the addition of a system of
sub-floorbeams between stringers to brace their top flanges and make it
possible for the rib elements to be oriented in the direction of traffic. This
alternative was thusly eliminated from further consideration despite obvious
advantages due to prefabrication. The precast concrete system was eliminated
from serious consideration because of its inherent multiplicity of joints

which could cause future maintenance problems. Alternate I is the same system
used in the original construction except for the waterproofing membrane. This
system has performed well considering its age and considering that adequate
waterproofing was not installed until some 26 years after construction. Alter-
nate Il was discounted because it is considered inadvisable to have water
which penetrates the bituminous wearing course in contact with an unprotected
lightweight concrete slab. Alternates III and IV, if adopted, would result
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‘ TABLE 3
SUMMARY OF ALTERNATIVE DECK SLAB SYSTEMS

SYSTEM WEIGHT / SF COST / SF *
T — % 7 Inch Reinforced Lightweight concrete and membrane waterproofing
+ 2 Inch Bituminous Concrete Wearing Surface : 90 $10.38
1T — 7 Inch Reinforced Lightweight Concrete and Cpoxy Coating of Top
Reinforcement + 2 Inch Bituminous Concrete Wearing Surface aC 7.53——
IIT - 7% Inch Reinforced Normal Weight Concrete Including % Inch Integral
Wearing Surface + Epoxy Coating of Top Reinforcement . 97 7.24
IV = 7% Inch Reinforced Normal Weight Concrete Inciuding % Inch Integral N
Wearing Surface + Cathodic Protection of Reinforcement 97 12.24
V - 6% Inch Reinforced Lightweight Concrete + 2 Inch Low Slump
Dense Concrete Overlay 80 7.15
VI -7 Inch Reinforced Lightweight Concrete + 1% Inch Polymer (Latex)
Modified Concrete Overlay - 83 8.73
VIT = ** 5 Inch Lightweight Concrete Filled Steel Grid + Membrane Water-
proofing + 2 Inch Bituminous Concrete Wearing Surface 88 20.09
VIII = 5 Inch Lightweight Concrete Filled Steel Grid + 1% Inch Polymer
Modified Concrete Overlay 81 18.61

* Same As Existing Decks

** Selected Replacement Deck

*** Costs Include Only Those Items Which Are Variable Between Alternates




in an increase in slab deadload of 8 percent with attendant decrease in live
load capacity. This was unacceptable and those alternates were rejected.
Alternates V and VI were compared with Alternate I to select the most accept-
able reinforced concrete system. Alternates V and VI consist of a reinforced
Tightweight concrete slab overlain with a layer of special concrete which acts
compositely with it. The overlays, in effect, replace waterproofing and the
bituminous wearing surface of Alternate I. The overlays are not considered

to be experimental and are recommended by the Federal Highway Manual which

also permits membrane waterproofing systems as acceptable alternatives pro-
vided reliability of service can be established. Because we feel that the
waterproofing system developed and installed on the bridges in the early 1960's
has proven to be effective, the major damage to the decks having occurred before
their installation, and due to the rather short service history of concrete
overlays on major structures, Alternate I was concluded to be the best of the
reinforced concrete alternates. Alternates VII and VIII are concrete filled
steel grids overlain with membrane waterproofing and bituminous or polymer
modified concrete respectively. Both of these systems offer some reduction

in dead weight and unprotected steel grid decks have proven durable over a
period of 40 years on major structures, although not without some difficulties.
The chief advantage of Alternates VII and VIII is their constructability. They
can be installed more rapidly than conventional concrete decks, do not require
Tengthy curing time before supporting traffic and can support traffic prior

to installation of the top protection system. Disadvantages include the
extensive welding required to attach them to the supporting steel, reduced
depth of slab which makes more difficult the accommodation of large movement
expansion joints and the probable eventual rusting out of metal form pans.
Alternate VII was selected as the better of the steel grid alternates again
because of the short history of polymer overlays. The final step in select-
ing the preferred alternate was making a choice between the reinforced concrete
deck, Alternate I and the steel grid, Alternate VII. Both are considered to

be adequately durable and relatively maintenance free with the exception of
periodic renewal of the bituminous wearing course. The two remaining parameters
to be compared are cost and constructability. Estimates indicate that the

cost of steel grid systems installed at both bridges would exceed the total
cost of reinforced concrete decks by $1,500,000. This is a significant premium to
pay for the selected steel grid alternate and is justified by comparing the
constructability of the two systems. Because of the limitations placed on
traffic interference, the prime summer construction season is lost for work

on the decks. These restrictions are most critical in the construction of

the reinforced concrete decks and an additional year of construction would

be required for work at the Bourne Bridge beyond that required for a steel

grid deck. Cost factors which would be affected by an additional year of con-
struction would include contract administration, traffic control, additional
vehicle detour miles and economic impacts on the area. The cost to the
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traveling public for the additional detour miles, estimated at $3,000,000,
is enough to justify the additional expenditures for the grid deck without
attempting to quantify the other: factors. It is also felt that the restric-
tions which require construction during the early spring and late fall would
be detrimental to the quality of a reinforced concrete deck. Based on
constructability considerations and cost factors affected by them, the steel
grid system is the most cost effective of the acceptable alternates and was
selected as the proposed replacement deck for Bourne and Sagamore Bridges.
Items of work associated with the removal and replacement of the decks are
described below. ‘

a. Removal. - The existing deck can be removed in sections by excavat-
ing a harrow band around the periphery of each section and burning off the
reinforcing steel. The deck is not composite with the stringers and should
come free of the stringer flanges without difficulty. The space between
stringers will be boarded over at the bottom flange level to prevent any
material from falling to the ground or canal below. The buckle and 1/4-
inch steel plates located at the bottom of the existing slab in the fascia
bays will be removed. The bolt holes in the top flange will have to be
filled where not covered by grid steel to prevent new concrete fi11 from
leaking through. The granite curbs will be removed with care, cleaned,
stored and reused in the replacement deck. Stage removal sequence is shown
on Figure No. 27 and described in the paragraph on construction procedures.
The disposal of the demolition material will be the responsibility of the
contractor.

b. Barricades. - Traffic barricades will be bolted to the decks to
prevent vehicles from entering the work area. In addition to providing
protection against traffic, the barricade will provide a solid barrier
extending a minimum of 4 feet above the roadway surface for protection
against flying debris.

c. Supporting Steel. - After the deck has been removed required
repairs will be made to the stringers, floorbeams and sidewalk supporting
steel. The steel will be inspected by a representative of the Contracting
Officer to determine if any repairs in addition to those specified are
required. The top flanges of the stringers and floorbeams will be blast
cleaned in addition to any other areas which need such cleaning in prepara-
tion for painting.

d. Sidewalks and Safety Curbs. - Sidewalks and safety curbs will be
constructed of cast-in-place reinforced 1ightweight concrete topped with a
combination epoxy waterproofing wearing course. This system will permit
encasement of the conduits and railing anchor bolts. Stay-in-place forming
will be used for the sidewalk slab because of the limited space between the
bottom of slab and top of telephone ducts which must remain in place during
construction.

19



e. Grid System. - The grid will be constructed of 5-inch deep "I"
beams at IU-incﬁes on centergwe1ded to cross bars top and bottom. pEach "
bar will be welded to the supporting stringers with special requirements

for welding to the silicon steel stringers at the Sagamore Bridge and

spans 1, 2 and 3 of the Bourne Bridge, A588 steel will be specified for

the grid and it will_be filled, full depth, with 1ightweight concrete.

Painted form pans will retain the concrete at the bottom of the grid between
stringers with the concrete coming into contact with the tops of the stringers
and floor beams. The 1ightweight concrete will be made with an expanded
aggregate, rotary kiln type, producing a concrete weighing approximately

100 pounds per cubic foot and with a minimum ultimate compressive strength

of 4000 pounds per square inch.

f. Roadway Joints. - The roadway joints will be replaced as part of
the project. Federal Highway guidelines recommend one piece seals for deck
joints. Such joints are not possible for these bridges because of the
Timited space available from top of roadway to top of floorbeam and the
required phasing of construction. Segmental traffic seals such as the trans-
flex or Waboflex SR types will be specified at the larger joints whereas
one piece compression or strip seals can be used at the smaller joint
openings. The transflex type was installed previous]¥ at the Sagamore
Bridge and has proven effective in excluding water. The major problem
with the joints has been the damage done to the surface of the larger
joints by snow plow blades. Recent improvements to this type of joint
provides armoring of the surface with steel for use in areas where plows
operate and the armoring will be specified for the joints used in this

project. Tension devices will also be provided at the larger joints to
hold them down and prevent slapping under traffic.

g. Palings. - The palings and their pipe supports will be removed
from the railings on both sides of the bridges. The existing posts and channel
rails will be retained to support new palings spaced at 6-inch centers which
will extend 11 feet 9 inches above the sidewalk to provide a suicide
deterrent in addition to the traffic and pedestrian function. Post anchor
bolts currently embedded in the sidewalk and curb concrete will be cleaned
and inspected. Those which show appreciable deterioration will be replaced.

h. Scuppers. - New drainage scuppers will be provided at the location

of existing ones and connected to existing down-spouts which will conduct
water away from the supporting steel.
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i. Waterproofing. - Deck, sidewalk and curb concrete will be water-
proofed with a multi-layered coal tar epoxy glass-reinforced membrane.
Flashing will be provided at roadway scuppers and be mopped into the
layers of waterproofing. The membrane will be turned up behind the granite
curbs and at expansion joints. Weep holes will be provided at the edge of
the membrane behind the curbing on the high side of deck joints to allow
water migrating between the wearing course and waterproofing to escape.

j. Wearing Course. - The wearing course will be constructed by placing
a prime coat on the waterproofing followed by a 1-inch binder course, a
bitumen tack coat and a 1-inch thick surface course. The binder and surface
course will consist of dense, airfield pavement-type asphaltic concrete.

k. Utilities. -

(1) Existing Communication Circuits. Each of the brid eSfarriﬁi
telephone circuits. ey are located 1n banks of six wooden ducts located under
the sidewalks. The cables, owred by New England Telephone Company run the
entire length of each superstructure between concrete pylons. They must
remain in service during construction and precautions will be taken for their:
protection. The owners have been notified of the proposed rehabilitation

work in order that they may specify any special protection required and co-
ordinate any work relative to them in conjunction with the project. A Govern-
ment owned multiconductor cable for intercommunication between the North and
South banks of the canal is supported along the catwalk below the road surface
of span 1 of the Bourne Bridge. It will remain in service during construction.

(2) Gas Lines. - Ten inch diameter gas pipes are located beneath the
deck at the approximate centerline of each bridge, supported by the stringers
adjacent to them. The gas line extends between abutments at the Sagamore Bridge
and between piers 3 and 4 at the Bourne Bridge where they descend to the ground
surface and continue underground. The gas lines will be protected and remain
in service during construction.

(3) Existing Electrical Circuits. -

, Bourne Bridge. - Electrical circuits on the bridge consist of (a)
series lighting for the south bank of the Cape Cod Canal, 616 feet of multi-
conductor cable being supported along the catwalk below the road surface of
span no. 1 only, (b) series 1lighting for the bridge, 4848 feet of single
conductor cable run in one of two fiber ducts extending from end to end
along each side of the bridge, within the concrete curb on the east side
and within the sidewalk on the west side, including 22 rectangular steel
handholes with covers, one at each bridge 1ight Tocation for enclosure of
transformers, and (c) navigation lighting for marking the channel and
obstruction 1ighting at the highest point of the bridge, 1181 feet of multi-
conductor cable run in the second of the above-mentioned two fiber ducts
under the walk along the west side from the north pylon to the center of
the bridge.
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Sagamore Bridge. - Electrical circuits on the bridge consist
of (a) series Tighting for the south bank of the Cape Cod Canal, 616 feet
of multiconductor cable and 3 conductor #4-5KV power cable being supported
along the catwalk below the road surface of span no. 1 only, (b) series
lighting for the bridge, 2896 feet of single conductor cable run in one
of two fiber ducts extending from end to end along each side of the bridge,
within the concrete curb on the east side and within the sidewalk on the
west side, including 14 rectangular steel handholes with covers, one at
each bridge light location for enclosure of transformers, (c) wiring for
future receptacles; 2 conductors #6, 600 volt type RR run in the second of
the above-mentioned two fiber ducts, and (d) navigation lichting for markina
the channel and obstruction lighting at the highest point of the bridge, 784
feet of multiconductor cable run in a third fiber duct from the north pylon
to the center of the bridge.

(4) New Electrical Work.

Bourne Bridge. - A third duct will be added between the
center of span no. 1 and the north pylon. This will permit running a 120
volt receptacle circuit in one of the two ducts along the entire lencth of
each side of the bridge. The third duct, 1161 feet in length, will be
incorporated in the rebuilt sidewalk section and curb section of duct line
between the center of span nc. 1 and the north pylon. In all, 2446 feet of
new 2E duct and 2322 feet of new 3E duct will be installed; approximately
4848 feet of new single conductor bridge 1ighting cable (circuit b) and
approximately 1181 feet of new three conductor navigation and obstruction
1ighting cable (circuit c¢) will be installed.

Existing electrical handholes and any missing or corroded covers,
angles frames or cover screws will be replaced; new reoprene gaskets will be
furnished for all electrical handholes. Lighting transformers in 11 west
side and 11 east side handholes will be removed, reinstalled in the new hand-
holes and reconnected to the new series lighting cable. Figure No. 29 shows
electrical details for the bridge.

Sagamore Bridge. - A third duct will be added between the
center of span no. 1 and the north pylon on both sides. This will permit
reinstalling a 120 volt receptacle circuit in one of the two duct s along
the entire length of each side of the bridge. The third duct, 704 feet in
length, will be incorporated in the rebuilt sidewalk section and curb sec-
tion of duct 1ine between the center of span no. 1 and the north pylon.

In all, 1408 feet of new 2E duct and 1408 feet of new 3E duct will be
installed, approximately 2896 feet of new single conductor bridge 1ighting
cable (circuit b) and approximately 724 feet of new three conductor naviga-
tion and obstruction Tighting cable (circuit c) will be installed and existing
2 conductor #6 will be removed and reinstalled (circuit d).
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Existing electrical handholes and any missing or corroded covers, angle
frames or cover screws will be replaced; new neoprene gaskets will be furnished
for all electrical handholes. Lighting transformers in 7 west side and 7 east
side handholes will be removed, reinstalled in the new handholes and reconnected
to the new series lighting cable. Figure 28 shows electrical details for the
bridge.

(5) Temporary Electrical Work. No interruption to canal 1lighting
navigation and obstruction Tighting can be tolerated and one side of the bridge
Tighting must be kept in operation during the construction period. Temporary
construction power and power for highway barricade lightinc may be obtained
by the contractor from the Plymouth County Electric Company in the vicinity
of the north pylons and from the Cape and Vineyard Electric Company in the
vicinity of the south pylons.

17. Cleaning and Painting. - The bridges will be repainted as part of the
rehabilitation project. In accordance with recommendations contained in the
condition reports, the reconnaissance reports prepared for the rehabilitation
project stated that the existing paint systems would be completely removed

and a new, long 1ife, vinyl system applied. Subsequent jnvestigation has

shown that this approach would be jmpracticable, very costly and unnecessary.

A coatings expert, from the Construction Engineerina Research Laboratory, (CERL),
visited the bridges evaluated the condition of the existing paint and made
recommendations which have been included herein as Appendix B. In summary they
recommend that the existing paint system be retained and that the bridges be
repainted with certain changes to the specification which have been used pre-
viously. It is recommended that blast rather than water jet cleaning be used,
that type I red lead primer be used in lieu of type Il previously specified

and that particular consideration be given to the amount and compeniency of
inspection work. The recommendations contained in the CERL Memorandum will
form the basis from which the specifications for repainting the structures are
developed.

18.. Basic Data and Criteria. -

a. General. - Basic criteria for the project requires that no interruption
or hazard to canal shipping result and that interference with vehicular traffic
be kept to an absolute minimum, the latter because of the importance of the
bridges to the essential services of the communities in which they are located
and their importance to the economy of the region. To meet the above criteria it
will be required that no material be allowed to fall from the bridge and that
the protrusion of safety netting and other construction material below the
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struc@ure be restricted. The basic guidelines established for vehicular
traff1c are that only one bridgs will be under construction at a time, that

a minimum of one lane will remain open to traffic at all times on the bridge
un@er construction and that for the period of the year extending from mid-week
prior to Memorial Day until mid-week following Labor Day, no work will be
a11oweq which interferes with full operation of four lanes on both bridges.
Prov1s1oqs.for detouring traffic during construction and the justification
for_requ1r1ng that one lane remain open are discussed in the Supplementary
Environmental Impact Statement prepared for the project. "

b. Safety. - Prior to the start of construction safety, construction
and traffic control signs will be erected in accordance with the require-
ments of the Massachusetts Department of Public Works. The contractor
will be required to direct and control traffic for the protection of the
traveling public and construction personnel at all times except when the
bridge is fully opened to traffic. All pedestrians and trucks in excess
of 1 ton capacity will be exciuded from the bridge under construction
except when fully opened. During periods when one lane is open on a
bridge, it will be necessary to reverse direction as required to accommo-
date peak traffic flows and for emergency vehicles on demand. All construc-
tion operations will be in accordance with EM 385-1-1, dated 1 June 1977,
"General Safety Requirements Manual." That manual requires full protection
for workers, such as safety belts, 1ife lines and safety nets. One inch
mesh netting is required to protect accessible areas beneath construction
from falling debris.

¢. Design Criteria. -

(1) General. - Allowable stresses, loading conditions, design
assumptions and other criteria were based on applicable parts of the following
references:

Working Stresses for Structural Design
EM 1110-1-2101, 1 Nov 1963

Standard Practice for Concrete
EM 1110-2-2000, 1 Nov 1971

Standard Specifications for Highway Bridges

Twelfth Edition, 1977

The American Association of State Highway and
Transportation Officials

Detailed criteria for the major construction materials are given below.
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(2) Concrete. - Concrete used for fi1ling the steel grid and in
construction of the sidewalk and curbs will contain lightweight aggregate
conforming to ASTM Standard C33, " jahtweight Agaregates for Structural
Concrete.” Materials will be proportioned to produce a high quality .ir-
entrained concrete with a minimum compressive strength of 4,000 pounds per
square inch and a unit weight not to exceed 100 pounds per cubic foot.
Maximum allowable working stress inflexure is 1,600 pounds per square inch
for extreme fiber in compression.

(3) Reinforcing Steel. - All reinforcement is designed for a
working stress of 20,000 p.s.i. in tension. The reinforcement will be
deformed bars made of new billet steel, intermediate grade (ASTM A-615,

Grade 40), conforming to Federal Specification Q0-S-632C, Type II, Class B40.

(4) Steel Grid. - The steel grids will be made of ASTM, A588
designation steel. The metal form pans will be made from 18 gage commercial
quality steel. The underside of the steel bearing bars and form pans
will be painted.

(5) Structural Steel. - Structura1 steel used in repairs will be
ASTM, A36 designation. Deteriorated rivets will be replaced with ASTM A325
bolts.

19. Comparison with Original Design. - The proposed construction will differ
from the original and existing construction in several aspects. A concrete
filled steel grid will replace the existing reinforced lightweight concrete
slab. The proposed grid will allow more rapid construction than if the decks
were replaced in kind, and will require less maintenance in the future. The
expansion joints will be replaced with impervious types which will arrest
deterioration of supporting steel caused by leakace through the existing
joints and will reduce the amount of repair work in the future. New palings
on the rails will provide greater resistance to deterioration thereby reduc-
ing required painting and will provide a suicide deterrent not provided by
the existing railings. Strengthening of the lateral bracing system will
correct a deficiency in the original desian when compared with present day
codes.

F. CONSTRUCTION PROCEDURE

20. Genera1..— Condensed construction schedules were prepared to outline
p]anneq traffic restrictions, describe construction procedure and ncte where
a required sequence is necessary for design considerations.
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In addition to restrictions noted in the schedules below, it will be
required that not more than 132 feet of deck (1/2 width) be removed without
replacement with filled grid. This will prevent excessive movement at

the truss bearings. Prior to installing new railings, the slab adjacent

to them will be completed and on spans 1, 2 and 3, the bottom lateral
bracing in bays 9-10 and 10'-9' and the ends of the wind chord at truss
strengthened. The schedules assume that the contractor will work 16 hours
a day on deck replacement during the spring and fall.

21. Construction Schedule - Bourne Bridge. -

Date Traffic Restriction Work to be Accomplished
Friday, 1 Jun 79 A11 lanes open to Award contract. Submit shop
traffic. drawings and work schedule for
to approval. Install safety nets.
Free sliding joints at ends of
Tues., 4 Sept 79 suspended span. Strengthen top

and bottom lateral bracing of
approach spans. Strengthen top
lateral bracing of spans 2 and 3
at bays 0'-1' & 0-1. Strengthen
sway bracing in spans 3 and 2 at
panel points 0, 9, 9' and 0Q'.
Perform other steel repairs,
sand blasting and painting which
will not interfere with flow

of traffic.

Wed., 5 Sept 79 One lane (reversible) Erect temporary signing and
Open to traffic. install deck barricade to pro-
to . tect traffic lane adjacent to

curb (east side). Start removal
Tues., 20 May 80 of west side of roadway and
sidewalk concrete. Continue
removal and installation of
concrete filled grid, sidewalk
and joints in west half of spans
7, 5, 3, and to mid-point of
span 1. Relocate barrier to
protect traffic lane adjacent
to sidewalk (west side) and
repeat procedure so that the
deck in spans 7, 5, 3 and half
of span 1 deck is complete. In-
stall waterproofina and wearing
surface before opening of bridge
fully on 21 May 1980.
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Date |

Wed., 5 Sept 79 (Cont'd.)
to ‘
Tues., 20 May 80

Wed., 21 May 80
to
Tues., 2 Sept 80

Wed., 3 Sept 80
to
Tues., 19 May 81

Wed., 20 May 81
to

Thurs., 28 May 81

Fri., 29 May 81

Traffic Restriction

A11 lanes open to
traffic.

One lane (reversible)
open to traffic.

A11 lanes open to
traffic.

A1l lanes open to
traffic.

29 Construction Schedule - Sagamore Bridge. -

Date Traffic Restrictions

Monday, 3 Aug 81 A11 lanes open to traffic.

to
Tues., 8 Sept. 81

Work to be Accomplished

Before any deck is removed in
span 1, the top lateral bracing
in bays 9-10, 10-11, 11'-10' '
and 10'-9' of span 1 will be
strengthened. Work on steel
repairs, cleaning and painting
will continue without inter-
ference with one operating lane.
Cover or remove temporary sign-
ing and remove barricades.

Continue steel repairs and
cleaning and painting without
interruption to traffic.

Erect temporary signing and
install barricades to protect
traffic lane adjacent to curb.
Remove and replace deck, side-
walk and joints in west half
of spans 2, 4, 6 and north side
of span 1. Install new railings
on west side of bridge. Relocate
barrier to protect a traffic
lane adjacent to the sidewalk
and repeat procedure on the
east half thereby completing
deck on spans 2, 4, 6 and 1.
Work on Steel repairs and
painting to continue. Install
waterproofing and wearing sur-
face, Remove temporary signing
and barricades by 19 May.

Complete painting, remove all
surplus materials, debris,

temporary signing and equipment
from site.

Project complete.

Work to be Accomplished.

Award contract. Submit shop draw-
ings and work schedule. Install
safety nets. Strengthen top
lateral bracing in bays 0-1 and
1'-0'. Strengthen sway bracing
at panel points 0, 9, 9' and C'.



Date
Wed., 9 Sept 81
to

Tues., 25 May 82

Wed., 26 May 82

. to

Tues., 7 Sept 82
Wed., 8 Sept 82

to
Tues., 24 May 83

Wed., 25 May 83

Traffic Restriction

One lane (reversible)
open to traffic. .

A11 lanes open to traffic.

One lane (reversible)
open to traffic.

A1l lanes open to traffic.

28

Work to be Accomplished

Erect temporary signing and
install barricades to protect

lane adjacent to curb (west side).
Start removal of east side of
roadway and sidewalk concrete.
Continue removal and installation
of concrete filled grid, sidewalk
and joints in east half of span 3
and part of span 1. Install water-
proofing and wearing surface. When
half of construction season is
over, move traffic lane barricade
to east side and repeat procedure
on west side so that deck, joints,
sidewalk and curb are complete
full width of bridge at stopping
point when full bridge is reopened
to traffic. Before any deck is
removed in span 1, the top lateral
bracing in bays 9-10, 10-11, 11'-
10" and 10'-9' will be strengthened:

-Steel repairs, cleaning and paint-

ing will continue withcut inter-
ference with the operating lane.
Cover or remove temporary signing
and remove barricades.

Continue steel repairs and clean-
ing and painting without interrup-
tion to traffic.

Erect temporary sianing and install
barricades to protect lane adja-
cent to curb. Repeat procedure
for removal and replacement of
deck, sidewalk and curbs at

span 2 and the portion of span 1
not completed the previous year.
Install new railings on completed
deck at time when lane adjacent to
them are closed. Finish steel
repairs, cleaning and painting.
Remove surplus materials, debris,
temporary signina, barricades and
eauipment.

Project complete.



G.. CONSTRUCTION COST ESTIMATE

23. Construction Cost Estimate. On pages 30, 31 and 32 is an estimate of
the cost of contract construction including contractor's overhead and profit
based on price levels as of November 1978.

24. Project Cost Estimate. - The following is an estimate of project costs
which include estimated cost of construction, a twenty percent contingency
allowance, costs of engineering, design, supervision and administration.

MAJOR REHABILITATION PROJECT
—=CAPE COD CANAL BRIDGES
~PROJECT COST ESTIMATE

Bourne Bridge Sagamore Bridge
Construction Cost

Repairs to Structural Steel $ 1,160,000 $ 370,000
Remove and Replace Concrete Deck 4,406,800 2,640,000
Cleaning and Painting 400,000 270,000
SUB TOTAL $ 5,966,800 $ 3,280,000
Contingencies (20%) 1,183,200 650,000
SUB fOTAL - CONSTRUCTION COST $ 7,150,000 $ 3,930,000
Engineering and Design 350,000 250,000
Supervision and Administration £00,000 320,000
| TOTAL $ 8,100,000 $ 4,500,000

TOTAL PROJECT COST: $ 12,600,000
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ITEM NO.

NoOYOoO PR wnh -~ oL wn—

Noophwnh -~

CAPE COD CANAL

HIGHWAY BRIDGES - MAJOR REHABILITATION PROJECT

COST ESTIMATE*

BOURNE BRIDGE

DESCRIPTION QUANTITY U.p.

REPLACE BRIDGE DECK

Remove existing deck 10,600 s.y. $ 45,
5" Steel grid filled with lightweight concrete 95,000 s.f. 16.
Epoxy resin bituminous waterproof membrane 10,600 s.y. 30.
21 Bituminous concrete wearing course incl. prime 10,600 s.y. 3
Traffic lines 1 job L
Paint underside of grid 95,000 s.f. 0
SUB TOTAL
REPLACE SIDEWALK
Remove existing sidewalk 400 c.y. 260
Lightweight concrete sidewalk 400 c.y. 220
Reinforcing steel 82,000 1b. 0
Adjust anchors for fence post 1 job L.
2" Bituminous concrete w/prime 185 tons 36
Epoxy resin bituminous waterproof membrane 1,650 s.y. 30
Remove & reset granite curbing 2,380 1.f. 8
SUB TOTAL
REPLACE CURB
Remove existing concrete curb 390 c.y. 230
Lightweight concrete curb 390 c.y. 115
Reinforcing steel 27,000 1b. 0
Adjust anchors for fence post 1 job L.
2" Bituminous concrete w/prime 60 tons 40
Epoxy resin bituminous waterproof membrane 540 s.y. 33
Remove & reset granite curbing 2,380 1.f. 8
SUB TOTAL

30

00
00

.90
.30

.00
.00
.40

.00
.00
.00

.00
.00
.40

.00
.00
.00

$

($

($

(%

AMOUNT

477,000
1,520,000
318,000
41,340
5,960

28,500

2,390,800)

104,000
88,000
32,800
6,000
6,660
49,500

19,080

306,000)

89,700
44,850
10,800

4,390

2,400
17,820
19,040

189,000)

|

SAGAMORE BRIDGE

QUANTITY

240 c.y.
240 c.y.
49,000 1b.

110 tons
1,000 s.y.
1,410 1.F.

230 c.y.
230 c.y.
16,000 1b.
1 job

35 tons

320 s.y.

1,410 1.f.

u.P.

$ 45.00
16.00
30.00

3.90
L.S.
0.30

260.00
220.00

36.00
30.00

230.00
115.00

40.00
33.00
8.00

$

AMOUNT

283,500
876,000
189,000
24,570
4,130
16,800

($ 1,414,000)

($

($

62,400
52,800
19,600

3,600

3,960
30,000
11,280

195,000)

52,900
26,450
6,400
3,010
1,400
10,560
11,280

112,000)




ITEM NO.
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CAPE COD CANAL
HIGHWAY BRIDGES -

LITATION PROJECT

DESCRIPTION

NEW EXPANSION JOINTS

Bridge Expansion Jt. Type -200
Bridge Expansion Jt. Type -300
Bridge Expansion Jt. Type -650
Bridge Expansion Jt. Type -900
Bridge Expansion Jt. Type-1300
Repair Slotted connections @ FB 10 & PB 10'

SUB TOTAL
SUICIDE PREVENTION FENCE

Remove existing fence
Erect new fence
Paint new fence

SUB TOTAL
ELECTRICAL WORK

SUB TOTAL
TRAFFIC CONTROL

Install & remove signs
Barricades, barrels & cones
Traffic Officers

SUB TOTAL

SUB TOTAL DECK WORK

31

COST ESTIMATE*

(CONT'D)

QUANTITY

200 1.f.
100 1.f.

150 1.f.

2 sets

4,768 1.f.
4,768 1.f.

1 job
1 job
24,000 m.h.

BOURNE BRIDGE

$

U.P.

550,00
1,250.00

2,400.00
20,000.00

L.S.

—rr
ownwnm

($

($

($

($

AMOUNT

110,000
125,000

360,000

40,000

635,000)

35,760
298,000

18,240

352,000)

115,000
115,000

40,000
115,000
264,000

419,000)

$ 4,406,800

SAGAMORE BRIDGE

QUANTITY

100 1.f.
50 1.f.
50 1.f.

1 job

1 job
1 job

18,000 m.h.

u.P.

550.00 $
2,000.00
2,900.00

($

($

($

AMOUNT

55,000
100,000
145,000

300,000)

21,150
176,250
6,600

204,000)

102,000
102,000)

35,000
80,000
198,000

313,000)

$ 2,640,000
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ITEM NO.

CAPE COD CANAL

HIGHWAY BRIDGES - MAJOR REFABILITATION PROJECT

DESCRIPTION

STRUCTURAL STEEL REPAIRS

Replace rivets with high strength bolts
Replace lacing bars

Strengthen lateral bracing
Replace & repair bracing angles
Repair gussets

Repair stay plates

Repair stiffeners

Repair webs

Repair flanges

Replace grating

Miscellaneous repairs

SUB TOTAL
PAINTING EXISTING STEEL
Superstructure
SUB TOTAL
TOTAL

*November 1978 Price Levels
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COST ESTIMATE*

(CONT'D)

QUANTITY

2,700
2,500
240,000
112,000
37,000
13,000
10,000
6,000
33,000

1

ea

ea

1b.
1b.
1b.
1b.
1b.
1b.
1b.

job

job

BOURNE_BRIDGE

u.p.

bt

45,
50.
.90

—

00
00

1.20

[FSEASEACE S RN

L.

.25
.25

.25
.25

S.

AMOUNT

$ 121,500
125,000
451,600
212,800

83,250
29,250
22,500
13,500
74,250

26,950
($ 1,160,000)

400,000
($ 400,000)

($ 5,966,800)

QUANTITY

1,050
900
60,000
16,000
15,000
1,000
17,000
3,000
500

1

SAGAMORE BRIDGE

ea
ea
1b.

1b.
1b.
1b.
1b.

s.f.

job

job

u.p.

c—

65.00 $
60.00
1.90

2.25
2.25
2.25
2.25
2.25
14.00
L.S.

($

L.S.
($

AMOUNT

68,250
54,000
114,000

36,000
33,750
2,250
38,250
6,750
7,000
9,750

370,000)

270,000
270,000)

$ 3,280,000




25. Comparison With Previous Ecfimate. - The total project cost is now
estimated to be $12,600,000 as shown in the previous paragraph. This
cost is to be compared with the latest previous estimate of $12,883,000
nresented in the Reconnaissance keports. The difference in the estimates
is best shown by comparing the various line items of which they are com-
posed. For the purposes of a meaningful comparison, a cost escalation
factor of 7 percent has been applied to the previous estimate to place
the estimates on the same cost basis.

Reconnaissance
Reconnaissance Estimate Current

Item Estimate Escalated Estimate Difference
Repairs to L el
Structural Steel $ 1,915,000 $ 2,049,000 $ 1,530,000 $- 519,000
Replace Deck 6,403,000 6,851,200 7,046,800 + 195,600
Cleaning & Painting 1,132,000 1,211,200 670,000 - 541,200
TOTAL CONST. cOST $ 9,45C,000 $10,111,400 $ 9,246,800 - 864,600
Contingencies 2,363,000 2,528,400 1.833,200 - 695,200
Engineering & 350,000 374,500 600,000 + 225,500
Design ‘
Supervision & 720,000 770,400 220,000 + 149,600

Inspection

TOTAL $12,883,000 $13,784,700 $12,600,000 $-1,184,700



The reduction in estimated cost of repairs to structural steel is a result of
the more detailed estimate possible with the develcpment of details during
preparation of this memorandum. The net increase in cost of deck replacement

is actually the result of a decrease in cost of the deck system and an increase

of $550,000 for the proposed suicide deterrent railings which were not con-
templated at the time the reconnaissance estimates were prepared. The
substantial reduction in estimated costs of cleaning and painting is due to
the decision not to completely remove existing paint and apply a new vinyl
system as was assumed for the reconnaissance estimate as explained in para-
graph 17. The reduction in contingencies reflects the assumption of a 20
percent factor applied to the latest estimated construction cost in place of
a 25 percent factor used for the reconnaissance phase estimate. Engineering
and Design cost estimates were increased in anticipation that considerable
engineering during construction may be required. when the need for additional
work becomes apparent during the progress of deck removal. Supervision and
inspection costs were increased because of the time span of the project and
the intermittent nature of certain phases.

26. .FundianRquirements. - The fb]]owinq is an estimate of the fundinc
requirements qur1ng the fiscal years of the project. The figures shown
are reported in thousands of dollars.

Project Current Budget

Item Estimate FY 1979 FY 1980 . FY 1981 FY 1982 FY 1983
Bourne Bridge
Construction 7,150 140 3,700 3,310 -
Sagamore Bridge |
Construction 3,930 - - 100 2,700 1,130
Engineering & ‘
Design 600 280 100 160 < 30 30
Supervision and
Administration 920 &0 300 260 190 a0

TOTAL 12,600 500 4,100 3,830 2,920 1,250
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H. PROJECT SCHEDULE

27. Project Schedule. - The following is a bar gra
the anticipated progress of the Supplementary E.I.S., prep
and specifications and construction of the project.

35
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CAPE COD CANAL HIGHWAY BRIDGES
MAJOR REHABILITATION PROJECT
PROJECT SCHEDULE

PROJECT PHASE

FISCAL YEAR
1978

FISCAL YEAR
1979

FISCAL YEAR
1980

FISCAL YEAR
1981

S ——
FISCAL YEAR
1982

FISCAL YEAR
1983
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PREPARE PLANS and
SPECIFICATIONS
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OCE-REVIEW-PLANS and
SPECIFICATIONS
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AWARD CONTRACT \
N
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BOURNE BRIDGE - SAGAMORE BRIDGE [N




APPENDIX A
COMPUTATIONS

INDEX TO SHEETS

SUBJECT | PAGE NO.
Proposed Deck Replacement Alternatives : Al
Design-Conc. Filled Steel Grig A7
Top Lateral Bracing - Bourne Bridge o A9
Bottom Lateral Bracing - Bourne Bridge ' A12
Fence and Slab Removal - Strengthening of Bracing Al5

Slab Removal - Joint Displacements A25
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DEPART;WENT OF THE ARMY UCT 31 1978

CONSTRUCTION ENGINEERING RESEARCH LABORATORY
P. 0. BOX 4005
CHAMPAIGN, ILLINOIS 61820

CERL-EM

SUBJECT: Coatings on the Sagamore and Bourne Highway Bridges_

Division Engineer

U.S. Army Engineer Division, New England
424 Trapelo Road

Waltham, MA 68102

1. On 19 Oct 78 Mr. Beitelman of this laboratory accompanied

Mr. Harrington and other persons from New England Division on an
inspection of the Sagamore and Bourne Highway Bridges. The attached
Memorandum for Record reflects the observations made.

2. If there are further questions, please contact Mr. Beitelman,
FTS 958-7421 or Commercial (217) 352-6511.

FOR THE COMMANDER AND DIRECTOR:

i;;zlgu lﬁﬂcrdﬂf'Jaqp1éngwﬂ9AEz
W

1 Incl ILLIAMSON, Ch1ef
as Eng1neering & Mater1als Division
CF:

Robert Harrington



DEPARTMENT OF THE ARMY
CONSTRUCTION ENGINEERING RESEARCH LABORATORY
. 0. BOX 4005
CHAMPAIGN, ILLINOIS 61820

CERL-EM

MEMORANDUM FOR RECORD
SUBJECT: Coatings on the Sagamore and Bourne Highway Bridges

1. On 19 Oct 78 at the request of Carter Laing of New England Division,
I visited the Cape Cod canal area to observe the coating system on two
of the bridges over the canal. Other persons at the site included
Robert Harrington, Structural Engineer, Robert Maki, Specifications Sec-
tion, and Frank Hocam, Construction Section. It was requested that I
offer comments on a coating system suggested by an engineering firm
along with my recommendations on a coating system for the structures.

2. The coatings were observed on both the Sagamore and Bourne Highway
Bridges. Although the coating on the Bourne is newer than that on the
Sagamore, it is in somewhat poorer condition. The cause of this differ-
ence in performance is unknown; however, inadequate surface preparation
often leads to early coating failure. The major coating failures on the
~ bridges are in the areas that are subjected to heavy concentrations of

deicing salts. Much of this problem could be eliminated by installing
waterproof expansion joints in the roadbed. Extensive corrosion is also
taking place in some of the lattice structurz. The difficulty of pre-
paring the surfaces and painting these lattice stiructures has probably
led to poor paint systems and premature failures.

3. The engineer's repart suggests sandblasting to either a commercial
or near-white grade and applying a paint system consisting of three
coatings; i.e., an organic zinc primer, a vinyl butyral wash coat, and a
vinyl finish coat. The report suggests that this system should have a
20-year 1ife span, thereby compensating for its higher costs over the
current system. To this system, I would offer the following comments:

a. This would constitute a major change in the paint system. The
proposed coatings would probably 1ift any of the current system which
might remain on the structure. It would, therefore, be of utmost im-
portance that the proposed surface preparation remove all traces of the
existing coating from the entire structure. -

b. In order for a zinc-rich coating to be truly effective, the zinc
must be in intimate contact with the steel. Thus, san@b]asting to near-
white metal would be more appropriate than the commercial grade.



CERL-EM
SUBJECT: Coatings on the Sagamore and Bourne Highway Bridges

c. Although I have had no experience with this particular system,
it sounds quite effective and should meet the 20-year life span if it
could be properly applied. I would, however, question the statement
that it is cost-effective.

4. The engineer's report states that the coal tar epoxy (SSPC-Paint No.
16) should be removed and indicates that, as such, it should not have
geen applied over a zinc-rich primer. The following comments are of-
ered:

‘a. If the proposed system is applied, it is appropriate that all
existing coatings be removed, ‘including the coal tar epoxy.

b. At the time the SSPC-16 specification was written, its per-
formance over zinc-rich primers was unknown. Current technology has
proven the effectiveness of such primers. SSPC is in the process of re-
writing the specification, and the new version will suggest the use of
inhibitive primers such as organic zincs.

5. It is my opinion that the system proposed in the engineer's report
is impractical for use on the structures. An oil base system similar to
the one in existence would be much more practical.

a. The proposed system wuuld require sandblasting of the entire
structures to the near-white grade (see paragraphs 3.a. and 3.b.). This
would be very costly and time-consuming. With an oil base system, sur-
face preparation could consist of spot blasting only the corroded areas
to a brush-off or commercial grade.

b. The proposed system would be considerably more expensive in
terms of material costs and application costs. The proposed paints are
more expensive on a per-galion basis. Because more area and greater
thicknesses are required, more galions would be required. The inter-
mediate coat and perhaps also the primer are multi-component materials
with 1imited pot lifes, thus resulting in additional time for mixing and
additional material loss due to the limited pot life. In addition, con-
tractors often charge a premium for applying what they might consider
"exotic" systems.

c. The majority of the coating failure taking place is occurring
not on the massive surfaces, but rather in the crevices and joints (es-
pecially on the lattice). The cause is poor -- or perhaps impossible --
surface preparation. The proposed system is less tolerant of poor sur-
face preparation than is the oil base system. Given equal surface
preparation in these areas, it is possible that an oil base system would
be equal, if not superior, to the pioposed system.




CERL-EM
SUBJECT: Coatings on the Sagamore and Bourne Highway Bridges

1
6. I suggest the bridges be mairtained in the following fashion:

a. An effort should be made to keep deicing salts from coming in
contact with the coating. The installation of waterproof expansion
joints would greatly extend the life of any coating system in the areas
below the joints.

b. A1l areas where corrosion is evident should be sandblasted to at
least the brush-off grade. Blasting to the commercial grade in areas
where extensive corrosion is taking place would be of additional bene-
fit. Power tool cleaning of these structures is impractical. - Water jet
cleaning forces moisture into crevices which often does not evaporate
prior to painting, thus accelerating early paint failure.

c. All areas where bare metal is exposed should be spot primed with
a coat of TT-P-86, Type 1, followed with a topcoat of TT-P-38. Because
of the complex structure, it would be beneficial if the primer were ap-
plied by brush. The topcoat may be spray applied.

d. An overall topcoat of TT-P-38 should be spray applied to the
entire structure.

e. If given areas cannot be isolated from the deicing salts, the
members in these areas shculd be encapsulated with a system consisting
of E-303 epoxy zinc and C-200 coal tar epoxy. TT-P-38 may be used as an
additional topcoat for aesthetic purposes.

; f. The ultimate success or failure of the above outiined paint
system would be determined to a great extent by the amount and com-
petency of the inspection of the work. An inspector should be on the
Job evaluating each days sandblasting operation as well as the applica-
tion of each coat of the new paint system.

7. A question was raised concerning the use of inorganic zinc primers,
perhaps as a shop coat on replacement members. Industry is often able
to offer a considerable savings by shop blasting and shop priming with
inorganic zincs. Members so primed have added protection in areas which
would be otherwise inaccessible to sandblasting and painting after fab-
rication. Caution must be exercised, however, to avoid allowing the oil
base aluminum topcoat to come in direct contact with the zinc primer as
a chemical reaction could take place. The use of an intermediate coat,
such as the wash primer, DOD-P-15328 or C-200 coal tar epoxy, would be
necessary to isolate the topcoat from the zinc primer.



CERL-EM |
SUBJECT: Coatings on the Sagamore and Bourne Highway Bridges

8. A question was raised concerning the procurement of galvanized rail-
ings for the structures. It is not felt that galvanizing will provide
significant benefit over the current 0il base paint system. If alterna-
tive materials are desired, it is suggested that 316 stainless steel be
considered. If the galvanizing is to be painted, it should be pre-
treated with the wash primer, DOD-P-15328. Many coatings will adhere to
this material, including TT-P-38.

ALFRED BEITELMAN
Chemist
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PLAn oM Borrosmw Cromo In thé truss diagrans the vertical dimensions shown
(Far Truss) are computed 1o the certer of e chanrels of Hhe tgp chord
N members and rot-1o 1he rneviral axes or werking lines which are
AT ) b4y o oer iy ey et v 15 s
Mer - | e o - . fy imersions are a5
DEAD ,Lme' Wino DEsIGN MaKE-uP, oF SECTION |Gross| ner |Aosemar| o % Us Y% % “ a - cover plates of the Tap chord ata definite distarnce f7om e
W-Ur 48 |-48 |2-18 B @ 427% Cover R 21x % 3.8 LC_-%J <5 k) crown of the roadway.)
U1 | -651| -269 | -63 |-1252|2-18 £ @ 58" Cover R2x % 1757 D 45.8 g & .L, 3
Uy Us | -981 | 401 | 63 |-1826|2-18"8 @GP " bover R2+ %" 2RBW2 7:1%54GD | 70.5 03 |z ‘N
L~y | =79/ [-326| 67 |-1508|2-18 88 cover 82 % 2R Ex " G)|s20 0O _lséd |, 2 L L P & 2
Ul -¢8 |-48 (2-15°80 427" Cver R U % 7427, 368 3 ot T2z d— z ey
LoLe | #348] +144 1657\ 2- 182 @ 427" i ‘ @\ 250 za5 | €3] & FPanels @ 26'0=208" afior /65,
N Le-te | #2539 #355| +13 |#1620|2- 188 @ 587 2R 18x%_ . G sa7]50¢ | €3 N EcevaTion
Lyl | 795/ (7393 | 713 (#1790|2-18 K @ 38" %R %7  veaiomlk @) €43 5.0 | €3
1e-zg [#262] 192 +873|2-188 4D - ' Q|40 270 | €3 : Note:-
Lo-t | -536|-247 1038 2- 168 @ 50" 2R /5% - &) 506 L1 7] X e a See Sheet No. . for additional rotes
UY-Lz | +455|#220 + 90/ |2- 1880 427" 2RI5 Y G362z (3.7 | £ 5§ - ) . g—fmm;)—ﬁrajfk_wjuﬂgm
La-lh |-294|~17¢4 ~é4z|2-/188 @ 455" &) zcs C1 |65 § i’ £, for Fanel e R ickness, rum rid size of gusset
_ * < Q N plates at all main fruss joils fo be deferrmined.
ULy | #1975 I"” ::,51 2-154 oy -3 G| r96 (166 | £ 3 Q qﬁ £ 2 % o cantroctor fo carny Viewire, cirec sess
Lotk | +43|T T275|2-/5 K @339 198|166 | L3 \§ o § o/ g DS . ond shear: -
Gtg |-219 |15 | -527|2-18 86 5.5 — : ; 304 T3 el ¥ it & ﬂ N i/ 0 .
L-th | #424|+209: +845\2-/8° 88 58" N % 3402720 | £3 y w )
ULy | -626|-282 ~i210\z-15 K@ 8" 2RI - 520° €1 |59
Lth | ~49|-82 | <37 |-25¢|2-15 £@ 2397 Lyl & ) 19.8 C 161 : -
Lotk | =01 |-88 | =9 |-278|2-15" 802" LY tolh LulLsth bl Lol /9.8 1 ' 54 _@_"/g_@:/
% 448] 205 | 37 | : > . R ‘ HaLr PLAN OF 7o LATERAL BRACING 'HaLr FLAN oF Borrom LATERAL BRACING ol = 88 6
= 2 w - N 3 G : = : Lioor Bearm Y A ion Led = éj? WAR DEPARTMENT
—= — - Togr ) Jreacel 10 =2/ CORPS OF ENGINEERS U. S. ARMY
1L AMax. /" ]Iﬂ/’ — OFFICE OF DISTRICT ENGINEER,BOSTON,MASS,
Notes: v 3 ‘ Dl =758 HIGHWAY BRIDGES
o The stress in We. colomn_marked Design Jiress “apials for axch member; The largest o forl- 263, OVER CAPE COD CANAL
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Materiz) listed vncer *Make-up of Section and Fo be of silicor steel. Main FAY, SPOPFORD 8 THORNDIKE, ENGINEERS APPRO i e o Gawens
Truss gusset phafes fo be of carbon stee/ urfess ofkrm’e a/grnmfed or 1he plans. AV Up Lo Updo, Us—Lyg, ULy . 5 8 obb Ls " 2 - sy W_ . Co. iy
other materis] including rivets fo be of carbor sreel. SwAY BRACING = = DECEMBER

Scae SUPERSTRUCTURE CONTRACT PLANS SHEET NalSoF M
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CORPS OF ENGINEERS

A B
n ! $ ? i f : G H U. S. ARMY
:
Exssting %" bars - chaned { FIG. I7
of ag’:;ncm:, cutof a:f shawn
” 7 and o info Néw concrere ‘0°
f 20" /—Waferproaflry 40'0" Roadway . "] 68" sidewalk " L0
1 Saw cot 17 Cgt top of existing -4 f If 5%
. " X PPy 7 stripgers as necessary . \— Normal temperature
. 'j!" /-— asked off \o_Second removal Sirst removal existi.ig only(7yp); Waterproofing to provide exparnsion * perery
> ¢ Road with Ight Masked off—"< [ ¢ cleararnce at expansion j
Ewisting ™ ; L. oy preumotic epuipment — = g = . Jornts as approved lew)beveled 2%
7e3%% K7 ~ . Provide 2-*5x426"on cach ] b £X137ing COpCTE -Fxisting, Elec. Duck by Cortracting officer
A= Anchor, see detail /—S/‘dc of all scuppers each Anchor. see detail -8 - Sidewalk To remain’ K to remain . —\
?'l_D.c{gl. J h [“L 5%/7"Granite curb Skde of bridge. . ) i A Remove conc. as P “ + "
condu - 9 2!6" lap Saw cu? 2'6" 1, 5% 17" Gronite curb — 2- /&P anchor bars to each Lxisting #ill solid with new Wew)cont 2" B phig -1
Eyisting, R See detail 1 T~ F-. £ see catail fence post shall remoin 218 x % plate concrete welded fo Eplate ’sit )
oL 4275 e ' 3 oLor pave ment, see 9072 " - o 2'Bit conc.(Wew)~ (New)waterproofia Bevel L 24 2"Bit conc.(Wew
‘ L e T E AN VAN TAVE gisting, | O 1O 1 O B I Nemlwaterproohing 7 15X /
3 g 2 X > v’;?‘ Z LaA o c o) ‘ Y
X b or i P OR R !
4 X LWelded] ("‘S’,"'?f" . = = ez - (Wew)waterproofing
. | N i v . . (Wew)4 ' 4372 L welded 7o L . (New)e tora'corcs _,._—\——‘__ codi
N Stee/ plate Lxrsting stringer (Wew)5/l6steel buckle ishino SH 56 stee! buckle (New) 44" sheel plate - weld to Existing Telephone € /0, é’%&ﬁ'ﬁ 7p of existing
wedfo L buckte gb. plate, see detail Ewsting STringers plate, see detail < . ol ang S bekle plate Co. wooden ducts 4 5—/’7‘ Beveled filler B as regl. stringers.
o012 g & | s| 1o PR 7eided mesh- 40 5 m e s o to ramain Top ofexist stringer <9 ‘ 94
bars %6 as hown Lo 50 ! 520 New)#e ®12= Longit bars as shown , ¢ ,v)_y/q high ,;;,eyf/,
Nofe: Cut bend and weld exi3hng Filler Ras reqd (%o/r;}s wi fz :}evq/e”washcr:
Note!: Longltvdinal int. sh - " Cut exssting roadwa slab hor b F each fenc NewZE¥igh strength bolts rill pew hales in Flanges
ote; Longltvdinel reinf. shall be # & rernts /_“mgl;t Z’b’ ﬁom;;j 7 7 :Z;/.aga’:rj 2 //«Z: e b ((ﬁ'%ez:qu;gﬂ'vdx asregd) 7;‘1&6515’7’,’93;4) 4 8 -2
TYPICAL SECTION - SPANS "I THRU™ exposed exsting bors Shellbe  gidkle s with Y6 welds ol around (ewCont /6'8s form emove exishing rivefsas regd
ScALE. ©"- 1o EXISTING STRINGERS baffles over top Flunge ,
Spans 1,2,3 —2TCBIT - Silicon steel g‘fﬂ brms. Depth euocomobe |
w47 -27¢885 —Carbon " oy b 4°F, i
" s -Z7rB97 - M “ m. a;rar b adrom |
52 | v & -2d4cB8I - " Curb fo L of roadway {2 Eusting
Buckl . /8¢
vekle £ 14" battle plate (Wew) ~Replace all ;xisting dﬁer/mtz
g i - rivets with high strength bolts
New /4 steel sy high New Portland _—~ to repair the 3/iding anchorage
» o Existng shengin “"’”Er ”"’;’f Ffor the stringers at the bearing
5%, Pier*d srringer ﬁi«”’ g &xisting Floor Bm seats on the tloor beams.
‘o N G G Ere: 1-8" -
Pler*3 7 L EXPANSION_JOINT-SPAN®I 3
i “FHoles i 1R 6 /6 16 '
pier*a 6@212"6050’. r ” SECTION AT P P 10 &10
pier"3 3 I SCALE 1"« )'-0"
B Contractor to submit fram'ing B .
support method for approval Surface b‘?"’d‘d with
epoxy resin grout
/{gxz;g 0,4%
No.Abut .
Countersunk rivets or bolfs Surface bonded with S—— Sensy 2’ it conc(wew)
o mateh holes i existing 3R epoxy resin grov CFlat corve) /2 N :r =y
/ _— :
! ~Cont 3V2'<¥4"Bor(Wew) . Fin. Roadwa, T : S
o3 ; ° 2'Bit cant:iNen) Y = % — (New)waterproofing
(/v G)‘;’,J, po [~ New) T3 22T == 3 — .
g . - T | (Vew) ax3xiee 110" / y Existing "e@0”
& 22'9/2;:7:%55{5'2”) Existing 6:0%33 8 S"”,@“’ 2'8it canc.(Wew) o S - WY AR ‘ fo be tut to
2°Bit Conc.(New) (Wew)B* 4 weided fo %4 = : | AL A 4 X Levisting length shown
Bif. (New, -3, 1"bent A -_(New) waterproofin p 5 N o (Stringers 2
Fin. Roadwa LY 9 0 p 3 £ J
i Y S0 Ex/sting conc.slab 2%k y8'x/-/" [ ‘ (X - ¢
T3 2% Gend Fo road- T Anchors €1-0CC, a Sy i
Waferproofir camber Hen G oo Surface bonded stagger camber i
Wew) | P46 cronn, 1 4 L Gew) 78S bolts with cpoxy resin grovt : Ao : |
y - or k() -o lew) 14 R mef/de@end toroad comber ﬁg’ :f,""’o" ¢ ”:IZ ~J ' )“69 " -5
Existil @10 - | toot f1bent B4 ¢ Mesh ~10 rem Y +—(Wew)'e €10
7 (Wew) T3 bolts = ew)l Bent toothed !
geroc 327" [ Butt weld to T¢
2:8%’t ) N
Z| T2 Cont 4% 4%% Yy (Vew) 1 -7 : . i1 \ NOTE
- \veriry ir. £e1d B g 5 | BTV AT 5 2-0 Shans %6 ¢ °7 ADDITIONAL DETAILS FOR EXISTING
Continuous seql weld fo web (fyp) Exist. damaged rivels /'i,d/l(‘é’dw/mibalfsv . »N;'¢"9a'/qb§7/,_ﬁen”‘ DECK AND EXPANSION JOINTS CAN BE
_j —— 1/4 Baffle s (Ngw) New Portland cement RV I i FOUND ON THE FOLLOWING DRAWINGS
weld to bean as shown. rout CTygical) R W e a . | 1156 E- 1-1 DEC.963 SHEETS 3,4,5,6,7
For grovting fverting Gy N Drill € pipe tap 1%5# greut holes as grovt (gL Existing & x2-0 openings 1= . . N |
L R} necessary Fo completaly befween conc. beams U o Newvd'BaFle R £ Existing Floor Bm.
£Existing Floor Brn. Fill area behind bafFle Res 5£ Existing Floor Bm (Finéd brg. @ truss)
(Rotler k1 g € Fruss) \ B T Provide plugs ¢end closures (oller brg.@frusg) 6
———SPAN 4 50" Normal @ Fiers *3¢ %2 SPANZ m‘é%%:ﬁr——'-
SPAN 5 f Seans— S FIEIECR S Normal emperatre DEFLECTION JOINT
frrter i tack weld(Typ) 7 e SECTION AT NORTH ABUTMENT
L (New) 2" (SOUTH ABUTMENT SIMILAR)
EXPANSION JOINT SCALE 1"=1"-0"
SECTION AT PIERS*34%4 PLAN. w'epier's
SCALE I"={'-0" I‘,—,‘;:frm; tv/ svbmit fram - = T Flosh— 96 @Pier's 2'Bit. conc.(Wew)
Scpport plen for appra @ B 2"
re Bit conc.(New) Sow cu?
. 7]
Fin. Raadwa E£xisting conc. slab 7
(Wew)wateroroofi s (New)Waterproofin
Jwa Varies by 4 frem 7
curb o & roadway(Typ)
Exist. damaged rivel Exict. damaged rivets replaced w/H.S, bolts
replaced, wl 15,620 "
2uf 'k 1-0" . P
d Existing "6 @1-0' PART ;
$ L rmser atng e e
CORPS OF ENGINEERS
WALTHAM, MASS.
0% BY
' SBAPHIC SOMLES ===~ [MAJOR REHABILITATION PROJECT] ¢
ST CAPE CODCANAL BRIDGES
Surface bonded with
epoxy resin grout BOURNE HIGHWAY BRIDGE
e Boffle 3 (New) — EXISTING DECK DETAILS ‘
MA!
g;ﬂ:’c’ s SPAN ¢ L SSACHUSETTS
SPAN 5
¢ Existing Floor Bm -f{ EXPANSION JOINT ¢ Existing Floor Bm.
(Roller brg @truss) (Fixed brg £
SECTION AT PIERS*58%6 ¥
SCALE Iv=1-0"
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CORPS OF ENGINEERS A B c D E F | ) .
. I - ] | | 13 ¢ h U. S. ARMY
£xistng 1B" steel o/ R y
( &eparsion jt E179 2T Rermove exist. bit conc. New 2 bit. comc FIG. 18
. /'-&" Min. Femove conc. s reqd. fill_solid with new Lphtwe/ah aa/z-sﬁr/hi//zi concrek - &" Min.
YY" Bar wiradiused fop cut or bend Complete existing New #5 bors. Bepd as regd for
New 75 bars. Bend as regd for welding | fo road camber before welding (Typ) assembly on I6CE¥ stringers welding fo ol existing resirt. and 7o
to alf existing reinf ond to new L 44 fo be removed. Gritd fop of rew chormnels. Weld fo channel/
Weld fol 4:4 before 1} ic welded fo . flanges os regd for rew work before qssembly /s welded Fo
1623 | New £ 454"« 0"4" weld | V]
to exist MC € /2c.C. Transflex 2004 i -1
rhvise AN - New 2" b1t conc. Iocate to accormadate Fanstler bolfs Squ/an/ ()~ / ~ New 2" bit. conc.
1 Let A Sow cut \ /ﬁ/jg,—iz M?*E?‘;‘_f\ 2% i \/ P Sow w,,_‘\
A\ A - —
| \ [New waterprooting(Tyn)  Sow cui~\| Vew /3 / = 2 2 -Sow cut == New waterproofing . LL/_"/_ Waterprooting lop
| | - S - S g ; g PP D!
10 Nebp pod o v : R - o P AR st OE T By
Lxist €€ & f{Bh—,é‘E/.\ & ‘\91__‘ . @ |

% S sanct
Gos (4 per
brocket)

New 852" Steel blocks®@2:0tcc. 7 _T

TYPICAL SECTION

AT HOLD DOWN DEVICE

SCALE t1/2"=1'-0"

Exist P5@2° Staggered ——/—< S

Laist 27" Stringer ——_,

Surtace bonded with

epory resin grout (Typo)

[
MMCé-/j/@/ff Cut top 1o clear angle ]
/

o

backup strip. Grind 12" bent R for backup
strip. Deoth of cut vares with camber.

New L6335 %" with 3% leg cu? € beseled for weld
Weld bockup strip Fo angle in shop. Set angle agccurately

to roadway St and grind Strip for slope against V2" bent
_

pl. Bend angle fo road cornber.

. ¥

%"# A325 bolts whuts
¢ woshers @ /6°c. ¢ (Gov,)

Transflex 650 _North -

New 2" Bi1 conc. 2

Sealant

Transflex /1300 South

S
' /—670 nd too edge of C  New 2" 81t conc

eafart

Cut

—

2™ 7L

Sstee! bar
Existing
TE3HE KLY
2°1.0.elect.

New water-| - *
proofing = \ |L\. . NP
IH . 1 New
E RN ‘--L—D— o (e = e ‘1‘%15:'3%“
Surface bonded mth \No\ 7 v T k‘on,/ )
expoxy resmn grout- S « N] , R ) \L Cumoered
SN WA AELL
Fxist 41" @ top of B beams. '\\\\\ g »‘\\,‘_; ;ﬁfaj -
Bend as shown for claronce’ S et 06’ %' A Comb .
F 1 A S ECE
of new wor . k N &"‘ \b J | (20" 1209tks) |
New "9 bars welded to edsting s W e e
172 bars and dofso fo top of IR
New %" %”faf;lbe/e /2’ < -
ISR T e 275 7
Wedge # Holes 1n wes| ,;’ spnce
T9p) o . as requireq ctween WS
. ‘;\ - o
) .
jg'v, £ 6" Long welded -~ q:*“\ Yt £asst concrete
studs-stagger @ 6" (Typ) ¥ W See fypical section
4 IR at hold down device

20"
. ‘ 2" Bituminous binder pavement, with prime coot
¥z Stpe % drajn_|

(A~ 5520 Granite curb

d V—L Anchor, see cletoi!

New %4 »¢"lg welded
studs @ 12"

EXISTING EXPANSION JOINT

SECTION AT NORTH ABUTMENT
(SOUTH ABUTMENT SIMILAR)
SCALE 3"=1-0"

. Secondremo val

e

7,‘7'/2 4" )0 sHrap
P Y. gnehors B/0C ¢ (75‘//”)
%9 4325 bor's €1 0c.c /

New water-
proofing

—Shop rill ¢ reom foles
for tight FF(Tp)

.
\]*— Tack weld (Typ)

Existing % Pbars - cleaned
of o/d Concrefe, culoff as shawn
and bonded into néw concrefe

618" Sidzwalk

First removal

vtk light

a4 L
e Roadwoy poreumatic equipment
i

! dnchor, see detail = 1 oy
i

sweo Gronte curb—Y, N\

- frist ’5@2'5/0;59/?;{-{

New (613 0r C5+9 @ /2'c.c Determine
deptt regd. by fleld measarement.

Liler R as regd snder chonnels Weld 10 by Flongel
5

|
\Wew L3N N 04" @ 210" c.c welded fo Flonge |
exist. 18CB for setting rew L 86, Frovide verf slolfed |
bojes in | 3B 34" Fcsh bolfs in vert leg of L b«6.

= - \ ~Surfoce bonded with
epovy resin grout (4p.).

~ ”
T—Exist 27 stringer

" . " V
Yo'd 4325 bolts winuts £ woshers @ /ZC.c. (Golv). Tock ryéd (typ.)

!
B to rood camber to here. t
Messure i Freld os regd

© Bitumunovs bmder pavement
- S/ope To drarn

top of existing Yo" bent

EXISTING EXPANSION JOINT

Lxisting /18CB

N New L 85631" with & leg cuf fo clear stringer Flanges
Bend ongle to rood cumber:

_-.;’/ -

SECTION AT P P 10

&10'

SCALE 3"=1'-0"

Pz steel bar

sicde walk Yo re

Frime coa? B
Fxisting coperefc

- Fristing £lec. Duch

maln

Note: Longltvdinal reint. shall be #&

TYPICAL SECTION-SPANS 1,243

SCALE: "= 10"

T cut existing roadway slab
remtorcement. as shown. Al
exposed exisiing bors shall be
cleoned of old concrete.

G//Z Baonchor bars to each

Leisting
sholl remain 24 < T plate
£xisting

18°C 56%-

c"”f"".”f’ For pavement. 2:6" 4 ._,___MP__——I Fence post
Existing : see detarl ! For pave ment, see deto i
8L 227 S ———————— = ¥ T
Ant— ‘7“_‘*—‘L—_‘_—"_“=‘r_- i i e
74 i S _we/dedme:h%"’aé"e. F:‘?f\ et -
p \ 'l =___,/;. L | i - S =" " New 4% &3t welded ta 18°L
New 4 steel plate [ /s ting " steel buckle (10 piepi 27°CB 977~ B STes! buckle, | Existing New 74" stee) vlate - weld To
. 1 a7“c5. 97% plate, see detor! Exrsting 27°C8 9 ! p/afc/'f;jdgsf:‘/s o GPecew 127 ‘;:55 97 angle and ex/sFing E7"sir1hg
GC® 12 long! - Z { 50" o 3 50" G @12 Long"! bars "G 05 shown
bors %6 as shown - ] [ —
e

NOTE
ADDITIONAL DETAILS FOR EXISTING
DECK AND EXPANSION JOINTS CAN BE
FOUND ON THE FOLLOWING DRAWINGS
1137 E-6-1 MAYI196] SHEETS I-4
CAP 21 MAY 1972 SHEETS 1-6,8
CAP 44 OCT.1976 SHEET |

-2

DATE DESCRIFTION

DEPARTMENT OF THE ARMY
NEW _ENGLAND DIVISION
CORPS OF ENGINEERS

AM, MA

[ JMAJOR REHABILITATION PROJECT
CAPECODCANAL BRIDGES
SAGAMORE HIGHWAY BRIDGE

EXISTING DECK DETAILS

MASSACHUSETTS
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CORPS OF ENGINEERS A B ¢ b i { | ¢ ! U.S_ARMY
: _ ' F16. 19
A oF REPAIRS | BID
oy [ e CESCRIPTION OF REPAIR "s:.i;'“ :E,?ém sum::':: '::l"fm. "*'3 NoTES Ty [amvese] ewae DESCRIPTION OF REPAIR n:{%f’w zs&:t su"m:; e I%:él NOTES e [T vee] “Sween " DESCRIPTION OF REPAIR n::'i;m gEQ:L su"mw s eu | noTes
SPAN 3 SPAN 3 SPAN 3 (fONT'D) sPaN 1 GeontTp)
0-1 A | LOE-LIE REPAIR DETERIORATED LACING cecs sH9 s 6-7 A | Lew-umw REPAIR DETERIORATED LACING CoC4 SH3L 7 B FBIL REPLACE | DETERIORATED BOTTOM COVER RIVET cocs sH29 1
A | jog-vow REPLACE + 5% OF LACING cecs su33 3 A_| Lv-urw REPAIR DETERIORATED LACING CCC4_SH36 5 Rl  oeoire re cieicc AT WEST END 1
A Low-LIW REPLACE + 5% OF LACING CCC4_SHY. s B FB6N REPAIR 2 FLOOR BEAM STIFFENERS cccs SHI 2 B 7-9 EPAIR_UNDERSIDE OF TOP FLANGE CCC5_SH6146) 1
B FBON REPLACE 2 BOTTOM FLANGE RIVETS @ EAST END cCch SH3 2 B | FeN REPLACE 7 BOTTOM FLANGE RIVETS @ EAST END cceu skl 7 19 110 REPLAGE LACE OF STRUT @ L10 cees sHs0 60
B FBON REPAIR FLOOR BEAM STIFFENER @ WEST END ccch SH3 1 B FBTS REPLACE 2 BOTTOM FLANGE RIVETS @ EAST END CCC4_SH4. 2 G 110 REPLACE + 50% OF LACING RIVETS AT STRUT €CC5_SHSO 20
4 SIDEWALK REPLACE UPPER BRACING GUSSET @ SOUTH END CCC4_SH42 1 C | SIDEWALK REPLACE 3 DETERIORATED BRACING ANGLES COC4 SH4L 3 G LIOW REPLACE 8 LOWER GUSSET RIVETS @ L1OW CCC5 SH46 8 -1
C | SIDEVALK | REPLACE 3 NUTS @ EAST SIDEWALK ccc sHa2 N * le L6W REPLACE 4 UPPER GUSSET RIVETS @ L6W cocy sHS0 4 ¢ | viop REPLACE 20 UPPER GUSSET RIVETS @ LIOE coCs SHAG 20
* 1D REPLACE DETERIORATED SOUTHEAST UPPER GUSSET cCC4_SHEL 1 * |E L6W REPAIR DETERIORATED UPPER GUSSET @ L6W CCC4 SHS0 1 G LIOE REPAIR LOWER _GUSSET @ L10E CCCS5_SB46 1
* D REPLACE 20 SOUTHEAST UPPER GUSSET RIVETS CCC4_SH61 20 E L6W REPLACE 6 LOWER GUSSET RIVETS @ L6W cCC4 SHSO 6 G L10E REPLACE + 80% OF RIVETS THROUGH WIND CHORD CHANNELS CCC5 SHAT A0
D REPLACE 9 SOUTHWEST LOWER GUSSET RIVETS coc4_SHEO 9 E L6w REPATR DETERIORATED UPPER GUSSET @ L6E oy S50 1 @ SOUTH END
D REPLACE SOUTHEAST LOWER GUSSET CCC4_SH60 1 * |E [REPAIR DETERLORATED LOWER GUSSET @ L6E coc SHSO 1 G | L1ow-L11E__|REPAIR UPPER FLANGE OF BRACING cces sHa7 1
E L0 REPLACE + 75% OF LACES OF STRUT @ LO coch_sHs1 93 * 1E L6E REPLACE 3 LOWER GUSSET RIVETS @ L6E ccce SHSO 3 G | L10W-LLIE _|[REPATR LOWER FLANGE OF BRACING cces sHaT 1
E L1 REPAIR # 25% OF LACES OF STRUT @ L1 CCC4 SHS1 31 E L7E ccca SH1S 1 11-12 A | Liw-L12v_ [REPLACE SOUTH UPPER STAY PLATE CCC5 SHS 2
F REPLACE + 75% OF LACES OF LOWER WEST BRACING CCC4 SHE6 52 E LJE REPLACE 5 LOWER GUSSET RIVETS @ L7E lccch SH1S 5 A L11W-L10W__||REPLACE NORTH UPPER & LOWER STAY PLATES CCCS SHS 2
F REPLACE 1 LACE OF UPPER CAST CCC4_SH66 1 E L7 REPLACE 3 DETERIORATED LACES OF STRUT coc4_sHAT 3 A | Liw-vizw | REPATR SHIM PLATES @ NORTH END cees sHS 1
F REPLACE + 75% OF LACES OF UPPER WEST BRACING CCC4_SH66 52 ¥ cecy_sH64. 28 A | L11E-LI12E "Rxmz SOUTH UPPER & LOWER STAY PLATES CCC5 SHS 2 -2
1-2 A | vw-row REPAIR DETERIORATED LOWER LACING ccct_SH28 5 ¥ REPLACE + 50% OF LACE OF UPPER WEST BRACING cccs sHes 35 A_| L11E-L12E | REPLACE NORTH UPPER STAY PLATE CCCS5 SHS 1
B FBIN REPLACE 3 BOTTOM FLANGE RIVETS @ EAST END cecy sl 3 -8 A | L7B-L8E REPAIR DETERIORATED LACING lccca SH31 4 B FBLIN REPLACE 6 BOTTOM FLANGE RIVETS @ EAST END coes sH29 6 .
B FBIN REFAIR FLOOR BEAM STIFFENER @ WEST END cccu sHL 1 A_| U7E-LSE REPAIR DETERIORATED LOWER LACING cocs sH31 4 B FBLIN REPATR FLOOR BEAM STIFFENER ANGLE @ EAST END cces SH29 1
D REPLACE 13 SOUTHEAST UPPER GUSSET RIVETS cces SH6L 13 B FBIN REPAIR FLOOR BEAM STIFFENER @ WEST END jccc4_SH4 2 B FB1IN REPLACE 6 BOTTOM FLANGE RIVETS @ WEST END CCC5 SH29 ]
* {0 REPAIR DETERIORATED SOUTHEAST LOWER GUSSET cocs el 1 s | m REPAIR BOTTOM FLANGE @ WEST END 0C4 SHG 1 B FBLIN REPLACE S BOTTOM COVER RIVETS @ WEST END cocs sHz9 s
i ) REPLACE 8 SOUTHEAST LOWER GUSSET RIVETS CCC4_SH61 8 * | C | SIDEWALK REPLACE 3 BRACING GUSSET RIVETS @ NORTH END lcccs sH4S 3 FB12S REPLACE 2 BOTTOM FLANGE RIVETS @ WEST END CCC5 SH30 2 .
) REPAIR DETERIORATED SOUTHWEST LOWER GUSSET cecs sH6l 1 % | ¢ | sipEwALk  |REPAIR DETERIORATED BRACING @ GUSSET @ NORTH END CC4_SH4S 1 1 11-12 B FBI2S REPLACE 1 TOP_FLANGE RIVET @ WEST END cccs SH30 1
D | ulw-u2E REPAIR DETERIORATED BRACING @ ULV coca_sH6O 1 ¥ [REPLACE 1 LOVER WEST GUSSET RIVET lcces_sHes 1 D u11 REPLACE 10 LOWER FLANGE RIVETS OF STRUT @ ULL cCes SHA1 10
L ULE-U2W REPAIR DETERIORATED LOWER FLANGE @ U2W CCC4_SHEO 1 F IREPAIR + 40% OF LACE OF UPPER EAST BRACING CCL_SH6S. 28 D u12 REPLACE 7 LOWER FLANGE RIVETS OF STRUT @ UL2 £CC5 SH4L 1 -3
c | SIDEWALK | REPAIR LOWER BRACING AND GUSSET @ NORTH END cces SHAL 1 1 ¥ [REPLACE + 60% OF UPPER WEST BRACING LACE CC4_SHES a2 E L12 REPLACE + 80% OF LOWER FLANGE RIVETS OF STRUT @ L2 cees SH35 144
2-3 A | L3u-U3w | REPAIR DETERIORATED LACING ccca SH33 3 89 A | L8E-USE _[REPAIR DETERIORATED LACING CCCh SH32 i [ LLE REPLACE 3 UPPER GUSSET RIVETS @ L1IE cocs sHaT 3
D REPLACE 2 SOUTHWEST LOUVER GUSSET RIVETS CCc4 SHOL 2 A LBE-LIE REPAIR UPPER_LACING CCC4 SHIZ, kY 6 | L10E-LIW | REPAIR DETERIORATED LOWER FLANGE OF BRACING @ LIIW €ce5 SH50 1
D REPATR_SOUTHEAST UPPER GUSSET cocu ste2. 1 A | Lew-Low EPLACE DETERIORATED SOUTH UPPER STAY PLATE SCCh SHIZ 1 G | L10E-L11W | REPLACE 5 LOWER GUSSET RIVETS @ L1OW cces sual 5
D REPLACE 9 SOUTHEAST UPPER GUSSET RIVETS CCC4_SH62 9 A L8E-L9E REPLACE DETERIORATED NORTH UPPER STAY PLATE CCC SHIT, A8 1 G L11-L12V | REPAIR LOWER FLANGE OF BRACING UNDER CATWALK } CCC5 SHS0 1
D REPLACE 6 NORTHEAST UPPER GUSSET RIVETS cccs sHel 6 B FBEN REPAIR FLOOR BEAM STIFFNER @ EAST END oCct SHS 1 G | L11E-L12v | REPAIR 7 DETERTORATED LACES OF BRACING CCCS SHSO 7
D REPLACE 5 NORTHEAST LOWER GUSSET RIVETS cccu sue) 5 B EBON [REPLACE 4 BOTTOM FLANGE RIVETS @ EAST END cces SHS 4 12-13 A | L13E-UI3E | REPAIR + 70% OF LACING cCC5 SH26 70
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