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ABSTRACT

In August 1995, a historic building survey of the "Peggy Sue" Bridge was conducted
at Technical Area (TA) 0, Los Alamos National Laboratory (LANL), New Mexico. This is
the location for a proposed LANL demolition project involving a gas line suspension
bridge built in 1949 or 1950.

Based on the information gathered during this historical survey, the Peggy Sue
Bridge, Laboratory of Anthropology (LA) site number 110645, is not eligible for
nomination to the National Register of Historic Places. As a resuit of this survey, this
project complies with the National Historic Preservation Act of 1966 (as amended) and
with Executive Order 11593. The New Mexico State Historic Preservation Officer is
requested to concur in a "Determination of No Effect".
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PROVENIENCE AND ENVIRONMENTAL SETTING

Location: TA-O (Townsite), Los Alamos National Laboratory (LANL)

Land Owner: Los Alamos County

Bridge/Gas Line Manager: Department of Energy (DOE)

Legal Description: Township 18 North
Range 6 East

N 12 of the SE % of the SE % of Section 9
Map: USGS Guaje Mountain 7.5 Minute Series (Map 1)

Topography: The bridge is located on portions of the main Los Alamos "Townsite"
P}Aesa ar;d is suspended over "Acid Canyon" (a branch of Pueblo
anyon).

Nearest Drainage: "Acid" and Pueblo Canyons
Elevation: 2170.2 meters (7120 feet)

Current Land Use: This area of Los Alamos County is characterized by
undeveloped steep canyon terrain. The Orange Street
residential area is located to the west of the bridge and the Los
Alamos Jewish Center (and downtown Los Alamos) is located
to the south of the bridge. Several county trails are located in
the "Acid" Canyon vicinity.

PROJECT DESCRIPTION

In August 1995, a historic building evaluation of the Peggy Sue Bridge was
conducted by Ellen D. McGehee, Archaeologist, Environmental Assessments and
Resource Evaluations Group (ESH-20), Los Alamos National Laboratory (LANL). This
evaluation was conducted prior to a proposed LANL demolition project involving the
pipeline suspension bridge associated with the 12-inch Infrastructure Support Facilities
(ISF) gas fine. Demolition project activities include the removal of the steel bridge,
attached gas line piping, and associated anchors and cables. A previous cultural
resource survey report documented the entire ISF gas line replacement project (Manz
et al. 1993). The proposed demolition activities will take place on county land near
downtown Los Alamos, New Mexico (Map 1). Access to the project area will be by
existing paved and dirt roads.

SURVEY METHODOLOGY

This historic building evaluation was accomplished bR;Ifirst conducting a field visit to

the bridge location. The bridge was recorded on a New Mexico Historic Building

s Inventory Form (Appendix A). Photographs were taken and are included in this report
(Appendix B). Records research at Los Alamos County and at LANL was also carried
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out. Bridge structural information was obtained and is included in Appendix C of this
report. The bridge's designer, Black and Veatch, was consulted in order to assess the
architectural significance of the bridge's design. Historical information was also
acquired from the Los Alamos Historical Museum's archives. Several offices of the Gas
Company of New Mexico and the Roswell office of the Transwestern Pipeline Company
were contacted in order to identify similarly designed utility suspension bridges in New
Mexico.

HISTORICAL BACKGROUND

Prehistoric land use on the Pajarito Plateau is characterized by Paleo-indian and
Archaic Period hunting and resource exploitation from about 10,000 B.C. to A.D. 600.
A more formal Anasazi settlement of the Plateau occurred from A.D. 1100 until A.D.
1600, ending about the time of the arrival of the Spanish.

Historic land use on the Plateau begins during the Homesteading Period, from
about 1880 to 1943, and was an outgrowth of earlier, undocumented, seasonal
resource exploitation of the Plateau by Hispanics and Euro-Americans from neighboring
communities.

In 1942, President Franklin Delano Roosevelt gave the official approval to develop
the world's first atomic bomb. Brigadier General Leslie Groves was given complete
military authority for the project. This project came to be known as Project Y, a subset
of the Manhattan Project. Groves, in turn, chose J. Robert Oppenheimer to coordinate
the design of the bomb. Because of its isolated location, Los Alamos was selected as
the site of the bomb's design and construction. Project Y became a success when the
world's first atomic device was detonated near Alamagordo on July 16, 1945. After the
subsequent bombings of Hiroshima and Nagasaki in August of 1945, the end of WWIi
came fairly quickly (LANL 1994).

The Peggy Sue Bridge was designed in 1949 and constructed in 1949 or 1950.
This was an important time period in the post-war history of Los Alamos. The
Manhattan Project had come to a close with the end of WWII and many of the Los
Alamos scientists and site workers had gone back to their pre-war existences. The
future of Los Alamos was in question (LANL 1993),

In 1948, the U.S. Atomic Energy Commission (AEC) was established to act as a
civilian steward for the new atomic technology born of WWII. With the beginning of the
Cold War, continued weapons research was a top priority. In 1947, the AEC had
formally taken over Los Alamos and had made a commifment to revitalize both the
laboratory and the town. Once the decision was made to retain Los Alamos as a
weapons laboratory, a new permanent facility had to be built. Although some of the
earlier scientific facilities were kept operating, many buildings were torn down and new
outlying facilities were constructed. This construction boom extended to the townsite as
well. A post office, schools, central downtown area, library, medical center, perimeter
housing areas, and associated infrastructure support facilities, like the Peggy Sue
Bridge, were all built during the late 1940s to mid 1950s (LANL 1993).
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STRUCTURE DESCRIPTION

Laboratory of Anthropology (LA) 110645

The Peggy Sue Bridge, LA 110645, was designed by Black and Veatch of Kansas
City, Missouri in 1949. The bridge was constructed in 1949 or 1950 by Morrison
Construction Company of Austin, Texas (Kesler 1994). The Peggy Sue Bridge is a_
steel utility suspension bridge that supports a section of 12-inch gas line across "Acid"
Canyon, a branch of Pueblo Canyon. The bridge is a cable stayed, open spandrel arch
design and is approximately 550 feet long with a 3-ft wide bridge deck. The main span
is suspended from two 2-inch diameter cables which are supported by steel towers on
either side of the canyon. The cables are anchored into large concrete blocks (White
and Maggard 1990). The towers are built out of 12 34-inch diameter steel pipe that has
a thickness of approximately 2 inch (Black and Veatch 1949). The east tower is 55
feet tall and the west tower is 43 feet tall. According to a 1990 LANL inspection report,
the anchor blocks show signs of long-term freeze-thaw damage. The bridge has loose
cables and is missing some turn-buckies. Rusting is also evident on the deck and the
support towers (White and Maggard 1990). Black and Veatch provided a copy of the
original bridge design specifications to the Los Alamos County Public Works
Department. These specifications are included in Appendix C along with copies of
several LANL bridge inspection reports. Los Alamos County recently commissioned a
feasibility report for the remodeling of the Peggy Sue Bridge, from its existing function
as a gas line bridge to a pedestrian and bicycle bridge (Gordan and Associates 1994).
While this report is not included in the appendices, it is on file at the Los Alamos County
Public Works Department.

Research involving several offices of the Gas Company of New Mexico was
conducted in order to identify other similarly designed utility suspension bridges in the
state of New Mexico. Based on information provided by Gas Company of New Mexico
personnel, three bridges were identified: the "Little Peggy Sue" effluent bridge in Los
Alamos County; the Gas Compan?\/nof New Mexico's suspension bridge across the San
Juan River near Bloomfield, New Mexico; and the Transwestern Pipeline Company's
suspension bridge across the Rio Grande near Berino, New Mexico. Owing to travel
constraints, the two bridges outside of Los Alamos County were not visited, making it
giffcijcuit to verify the degree of similarity between these two bridges and the Peggy Sue

ridge.

The "Little Peggy Sue" Bridge

The Little Peggy Sue Bridge is located to the west of the Peggy Sue Bridge and
spans upper Pueblo Canyon, just north of an abandoned wastewater treatment plant.
This bridge, although shorter than the Peggy Sue Bridge, was also designed by Black
and Veatch. The AEC built the bridge across Pueblo Canyon in 1950 in order to
support an 8-inch effluent water pipeline and a 10-inch sewer influent pipeline. The
Little Peggy Sue Bridge is approximately 300 feet long from tower to tower and has a
total width of 4 feet. The decking is approximately 1 fi 3 inches wide and three
pipelines are located on either side of the decking (an additional 6-inch gas line was
added in 1970 and is located along the eastern side of the bridge near the 8-inch
effluent pipe). This walkway area is different than the Peggy Sue Bridge's walkway
because the pipeline supported by the Peggy Sue Bridge is located underneath the
decking. The Little Peggy Sue Bridge's north tower is approximately 38 feet above sub-
grade and the south tower is slightly taller, at 39.5 feet. The steel pipes used to
construct the tower have an outside diameter of 10 3% inches and are ¥ inch thick. The
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main vertical support cables are 1 ¥ inches in diameter and, like the Peggy Sue Bridge,
are connected to concrete anchors at each end of the bridge (Frank Henri and
Associates 1985). Photographs and drawings of the Littte Peggy Sue Bridge are
included in Appendix D.

LOCAL FOLKLORE

The Peggy Sue Bridge is a part of the folklore of Los Alamos. Several local myths
are associated with the bridge. The most commaonly repeated story concerns a girl
named Peggy Sue who purportedly jumped or fell off the bridge to her death. In 1981,
the Los Alamos Historical Museum collected some of the Peggy Sue Bridge stories for
the museum's archives (Hunn 1981). According to this research, the name "Peggy
Sue" was well associated with the bridge in the 1950's and school children from that era
were familiar with the Peggy Sue Bridge stories. Several variations exist: she fell off
trying to catch a falling bicycle, falling homework papers, or a falling dog. Itis
interesting to note that the Los Alamos Police Department had, up uniil 1981, no record
of anyone, Peggy Sue or otherwise, who had jumped off the bridge (Hunn 1981). A
recent article in the Los Alamos Monitor (1995) does, however, allude to a suicide
connected with the bridge. Some associate the bridge's name with Peggy Church, an
early resident of Los Alamos and the daughter of Ashiey Pond. A film using the "Peggy
Sue" story was made in 1978 by a Cumbres Jr. High (now Los Alamos Middle School
class. The film is supposed to be a melodrama and involves a landlord's thug throwing
Peggy Sue off the bridge (Hunn 1981). A copy of this film could not be located;
however, a recent documentary of the bridge is being produced for the local Los
Alamos public access channel (PAC-8).

NATIONAL REGISTER ELIGIBILITY DETERMINATION

Since the bridge is not yet fifty years old, the four National Register Criteria of
Eligibility can only be applied in conjunction with Criteria Consideration G,
"[exceptionally important] properties that have achieved significance within the last fifty
years" (U.S. Department of the Interior 1991:41).

Criterion A, "properties ... associated with events that have made a significant
c;ontribut)ion to the broad patterns of our history" (U.S. Department of the Interior
991:12).

While the Peggy Sue Bridge was built during the early Cold War era in Los Alamos
and was a product of the AEC's revitalization of the Laboratory, the activities associated
with the bridge were not of exceptional historical importance. The bridge's primary
purpose was to serve as infrastructure support. The Peggy Sue Bridge, since its
original construction in 1950, has been a utility structure associated with the 12-inch
LSF %?s line. This gas line provides natural gas to the Laboratory and to the town of

os Alamos.

The secondary use of the bridge, as an unauthorized pedestrian bridge, is of
interest to the folk culture of the community but does not play an exceptionally
significant role in local history.



ISF Gas Line - Los Alamos Townsite: The "Peggy Sue” Bridge  E. McGehee September 1985 page 7

Criterion B, "properties ... associated with the lives of persons significant in our past”
(U.S. Department of the Interior 1991:14).

The bridge is not associated with the life of any historically significant person.

Criterion C, "properties ... [that] embody the distinctive characteristics of a type, period,
or method of construction, or that represent the work of a master, or that possess high
artistic values, or that represent a significant and distinguishable entity whose
components may lack individual distinction" (U.S. Department of the Interior 1891:17).

According to Black and Veatch, the designer of the bridge, the construction of the
Peggy Sue Bridge was not an architectural feat. The design is a fairly common one for
the time (it was based on an existing design for a road bridge) and, as constructed, the
bridge's overall dimensions are not exceptional.

Criterion D, "properties ... [that] have yielded, or may be likely to yield, information
important in prehistory or history” (U.S. Department of the Interior 1991:21).

The information included in this report and in the appendices has exhausted the
research potential of the Peggy Sue Bridge, LA 110645.

In view of the information presented above, the Peggy Sue Bridge is not eligible for
inclusion on the National Register of Historic Places since it does not meet the
requirements for eligibility under Criterion A, Criterion B, Criterion G, or Criterion D.
Furthermore, the bridge Is not yet fifty years old and it would have to be an
e;gc%plt_ionally important property (Criteria Consideration G) in order to be considered for
eligibility.

RECOMMENDATION

As a result of this historical evaluation, this project complies with the National
Historic Preservation Act of 1966 (as amended) and with Executive Order 11593. The
New Mexico State Historic Preservation Officer is requested to concur in a
"Determination of No Effect".
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POSSIBLE SOURCES FOR ADDITIONAL INFORMATION

Los Alamos County Public Works Department

The [L.os Alamos Historical Museum's Archives

The Los Alamos Monitor

LANL FSS Division (Engineering Department and FSS-3 Records)

The Los Alamos Police Department

Los Alamos Public Access Channel (PAC-8): film on the Peggy Sue Bridge (in

progress 1895, Susan Yurkovic, contact)




APPENDIX A

LA 110645, The Peggy Sue Bridge

New Mexico Historic Building Form



NEW MEXICO HISTORIC BUILDING INVENTORY FORM

LA # 110645
structure threatened? | surveyed: date 10/27/94, county ID no. Pueblo Canyon 12" Pipeline
yes 8/24/95 & 8/25/95 Los Alamos | Suspension Bridge, LANL Property #
by E. D. McGehee C00104579
field map number UTM reference: zone 13

USGS Guaje Mtn, Quad 1:2400

West Tower - 382260 casting 3972160 northing
East Tower - 382370 casting 3972140 northing

location description city/town

Bridge is suspended over "Acid" Canyon, a tributary of Pueblo Canyon, The Los Alamos

eastern end of the bridge is located near the Jewishk Center in Los Alamos. land grant/reservation
n/a

structure name  Peggy Sue Bridge

legal description USGS Guaje Mountain 7.5 Series
msp 19N range 6E section 9, N% SE 14 SE %

film roll negative nos. location of neg. date of construction
by E. McGehee | #220: 2-21,23-37 | ESH-20, LANL _1949.1950 estimate actual
ne. 220 & 222 | #222: 3-24,27-37 source FFSS-3 records (LANL), Black and
Veatch records
style foundation material use condition
suspension bridge | steel present residential —excellent _X _good
wall material/surface v other abandoned
steel historic residential __ fair____ deteriorating
v other pipeline suspension
bridge
degree of remodeling surroundings relationship to surroundings district potential
X _minor ___ moderate ___major | wooded canyon
describe: routine maintenance environment . simitar _X_notsimilar | ___ ves _X no
bridge is suspended above
canyon

significance not similar structures? _X_ yes

eligible what type? if inventoried, list ID nos.
eligible The "Little Peggy Sue” effluent bridge, Los
X of interest Alamos Co.; The Gas Company of New Mexico's

none

if eligible, why?

suspension bridge across the San Juan near
Bloomfield, NM; and the Transwestern Pipeline
Company's suspension bridge across the Rio
Grande, near Berino, NM,

photos, drawings, and
architectural information are on
following pages

The bridge is approximately
550 feet long by 3 feet wide,

architectural features

The Peggy Sue Bridge is a steel pipeline suspension
bridge. The bridge supports an abandoned 12" gas
line which is mounted under the bridge deck. The
bridge is a cable stayed, open spandrel arch and is
550 ft ong with a 3 ft wide bridge deck. The main
span is suspended from two 2-inch diameter cables
supported by steel towers on either side of the

canyon, The cables are anchored into large concrete

blocks. According to a 1990 LANL inspectien
report, the anchor blocks show signs of leng-term
freeze-thaw damage, The bridge lias loose cables
and js missing some turn-buckles, Some rusting is
also evident on the deck and the support towers.
Remodeting feasibility and inspection reports have
been written for this bridge:

commenis

The name Peggy Sue is a Iocal name, Several local
myths are associated with the bridge. The most
commonly repeated story concerns a girl named Peggy
Sue who purportedly jumped off the bridge to her
death, According to a 1981 document in the L.os
Alamos Historical Museum archives, the Los Alanios
Police Department had [from 1950 to 1981] no record
of anyone, Peggy Sue or otherwise, who has jumped off
the bridge.

Although it has a eommon design and is not an
engineering feat, the bridge is aesthetically pleasing
and is situated in a quiet and beautiful canyon location,
Research involving (zas Company of NM engineering
offices has Iocated three bridges in New Mexico that
might be similar in design (see above).




APPENDIX B
Peggy Sue Bridge Photographs




Peggy Sue Bridge, view from Walnut Street playlot, dir. ~S
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Peggy Sue Bridge (east end), detail of anchor inside fence, dir. ~E




Peggy Sue Bridge (west end), view of underside, dir. ~E
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Peggy Sue Bridge (west end), view of pipeline, dir. ~W
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Peggy Sue Bridge (east end), cable connection detail, dir. ~W
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Peggy Sue Bridge, west tower detail shbwin rust, dir. ~W
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APPENDIX C

Peggy Sue Bridge Drawings and Associated Engineering Reports
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NATURAL GAS TRANSMISSION MAIN
LOS ALAMOS, NEW MEXICO

Al iy

SPECIFICATIONS
SECTION VI
SUSPENSION BRIDGE

6~01. SCOPH.- This specification covers the furnishing of all
meterials and the construction of a suspension bridge for supporting
the natural gas transmission mein acroes a canyon from station 4878+80
to station 4884430, in accordance with the details shown on the Contract
Drawings and as specified herein. )

The Contractor is notified that he shall not require nor permit
any of his employees to enter this canyon for any purpose without first
having obiained specific permission from the Contracting Officer. The
Contractor and his employees shall comply with all requirements pre-
scribed by the Contracting Officer with reference to security or pre-
cuationary measures to be observed Dy persons entering this canyon.

6~02. TOWERS.~ The towers shall be built of steel pipe welded
into structural frames, as shown, set into the tufa formetion to a
depth not less than that indicated by the details. The main tover
legs shall be made of 12 3/4~inch outside diameter steel pipe having
a shell thickness of approximately 1/2 inch. Other portions of the
tower shall be built of various sizes of black steel pipe, schedule
40, or heavier and of other steel members and details, as shown. All
the 12 3/4—inch pipe required for the construction of the pipe line
will be furnished by the Government in the same manner and subject to
the same conditions as the pipe for the pipe line.

6-02.01. Anchorage of ToWers.— The Contractor shall excavate round

holes into the tufa formation to the depth shown on the drawings, or

to such increased depth as directed by the Gontraating Officer, The
holes for anchorage shall be accurately located in position and direc-
tion, and they shall be checked after excavation, to insure proper
alignment, The holes shall then be carefully cleaned of sll loose
material. The bottom of each hole shall be not less than one foot

lover than the bottom of the toWer post as shown or indicated on the

“drawings. The tower legs shall be carefully lowered into position and

securely braced to prevent displacement. After they have been checked
for position and alignment, the space between the steel work and the
sides and bottoms of the holes shall be slowly and carefully filled
with structural concrete, puddled and compacted so as to completely
fill the space. The top of the concrete shall be finished, as shown,
After the main tower legs have been anchored the bottom toWer braces
shall be accurately placed, concreted in and welded to the mein posts,
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6-02,02. Steel Construction.~ The connections of all members of
the tower framework, except as otherwise shown, shall be made by weld-.
ing. The tower shall be assembled in a horizontal position, and welded
together in that position. In general welding methods shall be equal
to those specified for making welded joints in the pipe line, and the
welding shall be done by welders of equal competence and qualification.
All members of the main tower framing shall be so aligned that their
axes shall lie in the same straight plane. Special precautions shall
be taken to prevent distortion due to heating and cooling during the
process, and the work shall be maintained in aligmment so that when
erected all members shall be straight and free from warping or deforma-
tion of any kind. A% each joint, the full area of weld shall bte con-
tinuous around the pipe, and such area shall be not less than is re-
quired to develop the full strength of the weakest connection member.

Any splice in the main tower posts shall be located at approxi-
mately one-fourth the distance from one panel point to the next.

6-03, CABLES AND ANCHORS .- All wire ropes and cables shall be of
the sizes shown and shall be spun from galvanized, plow steel hridge
wire. They shall be the product of a recognized manufacturer of wire
rope, and within the limitations of these specifications, shall be of
a design suitable for the use to which they are put. All ropes or cables
shall be shipped and handled to the point of their installation on suit-
able reels, handled in such a way as to preserve them from damage of all
kinds, Care shall be taken in unreeling and handling cables to prevent
loosening of strands and the kinking of the cable due to any cause. The
ends of all wire rapes or cables shall therefore be properly seized, as
recommended by the mamufacturer, before any cutting thereof. Because
of the importance of such precautions, all handling and installation
shall be done by competent workmen under the direction of a superinten—
dent experienced in the carrying out of similar work.

6-03,01. Main Cables,~ The main suspension and main side svay
cables shall be of 7 x 19 construction. They shall be cut %o proper
length for installation with due allowances madé for installation con—
dition. The main suspension cables shall be installed hanging free
from the towers and anchored at the ends, and adjusted at such a height
in the center of span that when loaded with the dead load of pipe and
bridgework the amount of sag will be that indicated on the drawings,
The Contractor shall provide himself With all necessary snubbing cables
and other equipment to make all preliminary and final adjustment.

The end anchorage of main suspension and side sway cables shall
be made by means of steel eyebars embedded and sscured in concrete
anchor blocks., The cable ends shall be attached to adjustable bridge
sockets which will be linked to the eyebars by pins of suitable size.
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The method of attaching the end of the rope or cable to the bridge
socket shall be such as Wwill develop 100 percent efficient connectlon.
It shall be such as is approved by the wire rope manufacturer, and, ex-
cept as otherwise authorized by the Contracting Officer, shall be as
follows:

) 1. The rope shall be securely seized and served Wwith soft wire ties
before cutting, and at least two additional seizings shall be placed at

a distance from the end equal to the length of the basket of the secket.
The seizing shall be of adequate length, and securely wrapped with a
serving iron,

2. The rope bsing properly seized, the end seizing shall be %taken
off, The strands shall then be separated. Any fiber core shall be cut
off back to the first seizing, but wire strands used as a core shall
not be cut. The wires shall then be separated, untwisted and broomed
out.

3. The wires, for the distance that they are to be inserted in
the socket, shall be carefully cleaned with benzine, naphtha, or gaso-
line. They shall then be dipped for a distance not greater than three-
quarters of the cleaned length of the wire in commercial muriotic acid
for from 30 seconds to 1 minute, or until the acid has thoroughly
cleaned each wire. Care shall be taken that the acid does not come
into contact with any other portion of the rope.

o TR

4, Dip the ends of the wires in boiling water containing a small
amount of sods to neutralize the acid. Wipe dry. Serve the end tempoxr-
arily so that the socket will slip over all the Wires, being careful
not to let grease or oil touch the cleaned wires.,

8 M

5, Heat the socket and slip it over the end of the wires. Cudb
the temporary seizing, and distribute all wires evenly in the basket
vwith the ends flush with the top, Be sure that the socket is in line
with the axis of the rope. — -

6, Holding the rope vertically in a vise, sesal the bottom of the
socket from the cutside with fire clay or similar substance. Check
position and alignment of socket.

7. Pour molten zinc into the basket until it is full. Use only
high-grade zinc, heated not above 830 degrees Fahrenheit, Do not use
babbit or other anti-friction metal. When the zinc has solidified
sufficiently it shall be allowed to cool. The clay shall then be re-
moved. Remove all seizings except the one nearest the socket. If
properly made, this seizing will be at the end of the socket.

The mein suspension rope or cable shall be supported at the fop
of the towers in accordance with details, as sho¥n on the drawings.
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6-04. VERTICAL AHD LATERAL TIES.~ The weight of the pipe line and
the walkway and their supports shall be supported at the panel points
as indicated on the drawings by means of ties or suspenders attached
to the main suspension cgble, Likewise the bridge shall be held in
line against wind load by similar ties at the panel points which are
attached to the lateral sway cables,

All ties except as otherwise provided or approved, shall be *wire
zine coabed, Siemens-Martin grade, strand with Vextra galvanized" (double
galvanized) zinc coating, or a galvanized strand or rope of equal size,
strength and durability under service conditions.

It is important that the suspenders which carry the weight of the
pipe line and walkway shall be capable of ready adjustment in order to
secure uniform tension. They shall be provided with turnbuckles which
shall be of a size and pattern to develop the full strength of the
strand., The ties between the walkWay and the side sway cables shall
likewise be capable of sufficient adjustment to secure and maintain
uniform tension, such adjustment being obtained with either a turnbuckle
or by other approved means.

Attachments to the main cables, both suspension and lateral, shall
be made with galvanized drop forged steel clips equal %o genuine Crosby
Perfected Suspension Clip, with specially adapted filler blocks, as
made by the American Hoist and Derrick Company. Wherever the strands
pass through U-bolts or eye bolts of clips, turnbuckles or other at-
tachments, they shall be protected with galvanized oval thimbles. All
eyebolts shall be welded shut. Where the length of ties is short, rods
and turnbuekles may be substituted for the strand, but shall be of equal
or greater strength, All fittings or parts uged for making up the ties
shall be heavily galvanized after fabrication.

6-05. WALKWAY AND PIPE SUPFORT.~ The pipe shall be supported across
the bridge on & siructural steel tramework which shall include a steel
grating valkway protected on each side with a ralling. Construction
shall conform to the details shown on the draWings.

The pipe line shall be supported at each panel point on a cast
iron roller of heavy pattern, designed for service in an outdoor loca~
tion,

The flooring shall be constructed of grating which shall be of a
rectangular type, either welded or pressure-locked, and shall be hot-
dip galvanized after fabrication. The load carrying bars of the grat-
ing shall be not less in depth than 1 inch nor less than 3/186 inch in
thickness. The span of the grating shall be cross-wise of the bridge,
the ends being positively attached to supmorting members so that the
grating sections may ve removed for work on the bridge or pipe, buib
cannot he accidentally dislodged.
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The handrailing shall be composed of galvanized wire rope strands
or cables of the size and spacing shown on the drawings, The ropes
shall be securely attached to the posts with U-bolts of suitable de—
sign. Posts shall be strongly braced to prevent side svay .

All portions of the framework shall conform to the specifications
and standards of the American Institute of Steel Construction. Ungal-
vanized surfaces shall be shop painted,

6-06. TPENCING.- A chain-link fence is now installed along the rim
of the canyon. The Contractor shall carefully take down and store such
panels of the existing fencing as are in the way of construction of the
suspension bridge. After construction of the bridge has been completed
the Contractor shall relocate the fence %o enclose the bridge end, as
shown on the drawings, adding to the panels previously removed, additional
sections, gates, etc., to complete the installation. The new varts shall
be similar to the existing fence, and shall comply with applicable PO
tions of Paragraph 5-11 and its several subparagraphs of this specifica~
tions. A new fence with gate shall be constructed to enclose the other
end of the bridge, as shovwn,

6~07, PAINTING.- After erection of the bridge, all ungalvanized
metal surfaces of bridge and toVers shall be given a field coat of red
lead paint and two coats of oil vehicle paint of colors selected by the
contracting officer,

The red lead psint shall conform to the provisions of Federsl
Specification TT-P-86, The succeeding coats shall be Rust—-Oleum
"L-0", Sherwin-Williams "Metalastic," Truscon "Bar-0x", Tnemec Indus-
trial Coatings, or equal.

Preparation of surfaces, and the handling, application of paints
and other general provisions governing vainting work shall be in com-
pliance with provisions of Paragraph 5-07 and its various subparagraphs
of these specifications. ~

The portion of the pipe line that is exposed for the full length of
the bridge shall be painted as specified herein for the tower framework,
instead of being coated and Wrapped, as provided for pipe laid underground,
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6-18. EXPANSINN LOOP AND CONCRETE ANCHORS .- An expansion loop in
tne pipe line shall be constructed at one end of the bridge, as shown.
The loop shall be of welded construction using the same size and thickness
of pipe a8 used in the portion of the pipe line on the bridge together with
welding tube turns having a shell thickness of at least 1/2 inch. The loop
shall project horizontally and shall be supported on a Velded pipe frame-
work anchored into the tufa as shown. Beyond the loop from the bridge a
concrete anchorage shall be constructed to prevent creep or motion of the
pipe. The loop and its steel supports shall be painted as specified for
the framework of the bridge towers. A concrete anchorage shall be con-
structed where the pipe leaves the trench at the end of the bridge oppo-

site the expansion loop.

6~9. METHOD OF PAYMENT .- Payment for the construction complete of
the suspension bridge and the installation of the gas btransmission main
thereon as vell as the expansion loop, and the concrete anchorage at either
end will be made at the lump sum price stated under Item 21 of the Bid,
which shall constitute compensation in full for gll labor, construciion
Plant and materials required to complete the guspension bridge and the
installation of the gas main thereon as required by the contract draw-

ings and these specifications.
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. october 24, 1989

pAN AM WORLD SBERVICES, INC.
ENGINEERING REPORT
INSPECTION, EXAMINATION ANRD EVALUATION
FOR
CONCRETE ANCHOR BLOCKS
OF THE
PUEBLO CANYON 12" PIPELINE SUSPENSION BRIDGE

1.0 SUMMARY OF CONCLUSIONS AND RECOMMENDATIONS:
1.1 All six of the apcho:*bl@ﬁﬂs;have dgeteriorated concrete
and haqgﬁreacbga§§QVere;toﬁcoﬂbletgﬁg@i}h;g. Exposure
to moisture éﬁﬁ“fréeze—tﬁaﬁ”Eemperatures’Qreatly :
accelerated an alkali - silica reaction between
aggregates and cement and have contributed to 2 ninor
sulfate attack. The reinfprcementmsggglgandgcgv;-gMﬁ
aﬁbhg;kboltsEand;sockets-Show no“vﬁgﬁaiﬁéV$a§n‘gﬁwjg‘
detério;atidﬁﬁﬁ{ W o

1.2 Rehabilitation is recommended as soon as possible.
pased on the results of physical examinations, the

Qﬁ3n$953§%ﬁﬁﬁiﬁi}kFatiom reconmended is to EiZsk
bondﬂﬁhﬁﬁﬁ?%qkaland fractured concrete using ép

grout and séal%thefexposed‘surfacg?of the blocks using
a penetrating epoxy sealer (in sccordance with Appendix
G, Specification for EpoxY Rehabilitation) with the
expectation of extending the life of the blocks for
several yearsi Epsan.-u.eva.l.@;ate_res!:.c;;:.ed:zmoqks%{a' Ay
soiliisurrounddn S ehsrtardeterniteRtien ea¥sn

épecig;q;adﬁiﬁgpﬁalﬂ9£ﬁﬁfiiiing“dgg£§§$i"
should be inspécted reglularly (at ‘least annually) to

enable appropriate preventive maintenance.

2.0 PROBLEM AND NEED

PROBLEE AL 25==

2.1 The concrete anchor plocks that support the suspension
cables of the pueblo Canyon 12" pipeline Bridge
visually appear to be deteriorating rapidly and are in

need of immediate attention for repalr OY replacement.
More complete descriptions are given in Appendix I..
pan Am Design Engineering memo (J. Garcia) (10-24—89).
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Discussions among LA county, DOE, LANL and Pan Am
Utilities indicate possible changes in the function of
the bridge in the foreseeable future including the
remote possibility of abandoning this pipeline and

bridge altogether.

However, in the absence of any clear plans for change,
the current need is to restore the cable anchoring

system to a safe condition as economically as possible.

The "fix" may be: 1) 2 quick one to carry the bridge
through the next freeze-thaw season coupled with _
restoration work in 1990; 2) a relatively "long term"
rehabilitation coupled with annual inspections and
regular preventive maintenance activities; or 3)
replacement of the existing anchor blocks with a
npermanent! system coupled with preventive maintenance.

There 'is no firm required life expectancy for the
pridge, nor is there a budget for repairing and
maintaining the bridge. Acceptable repair costs must
be determined as the investigation and evaluations of

alternatives is developed.

.....

8COPE OF ENGINEERiNG SERVICES TO BE PERFORMED:

3.1

w.0. #4442-27 - The services requested in this work
order are described as an vinspection and report on the
structural integrity of the Pueblo Canyon Suspension
Bridge". After an initial meeting and visit to the
site, the scope was further defined and limited to
include only the concrete blocks that anchor the
suspension cables. considerations of the integrity of
other parts of the bridge is not included here. The
following items describe the extent of work Lomher

performed.

Recommend the method(s) of examination and analyses

required to determine the existing integrity of the six
concrete anchor blocks.

Proceed with the approved methods of measuring,
testing, examining, inspection and evaluating.
Regommend .the most appropriate nethod (s):0f {GHHISENS
théﬁbfbblemgﬁ@gﬁérminedﬁin'the*éﬁéﬁﬁétipﬁs? This would
in&lude a di'scussion of alternatives and preparation of
a technical specification for procurement of the

required construction or rehabilitation services.
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Analyze bids for construction or rehabilitation work.

Inspection of the work in support of the Contract
Administrator, including final inspection.

Examine and evaluate the rehabilitated blocks. This is
to be accomplished by pulsed velocity (sonic) analysis
and interpretation of the results.

ALTERNATIVES IDISCUSSED:

4.

1

Cbmﬁlgpggrep}‘ﬁgpentiofgall“6~angﬂgg%p$pbxﬁ with new

blocks - safme aesign but with low al 411" Honcrete that
would not deteriorate. Current requirements for use of
1ow alkali cement generally eliminates the chemical

reactivity, but the costi of replacement is estimated at

greater than $1007000: ¢

Complete removal of existing blocks and replacemanty
with-.aidrilled:piegr/auger, cast, piex.of concrete and

make use of concrete weight and skin friction
resistance. Same conditions apply as in 4.1 above.

Remove; the, yorst:of thejdeterioratediiconcrete, leave
the re-bar and cable anchor hardware in prace’, and
replace voids with special concrete and bonds and cap
the repair with a shell of reinforced concrete. This
would be a labor-intensive repair, would require
temporary restraints for the cables during repair, and
has the risk that the "worst" of the concrete may
finally be all of it as the removal progresses.

:Dri1l . and grout rock anchor bolta;&t};ogq@sﬂW
BI84kA fito ‘the ‘rock uhder the blocks;”utiTi ge

steel plates to partially bind the cracked concrete
pleces together, along with some epoxy grouting of
cracks and surface sealing. Some grout injection would
be necessary to allow the anchor polts to be effective,
put this combination would be a temporary fix and would
not stop further deterioration of concrete.

Inject an epoxy grout into the cracks and delaminations
throughout the entire block and apply epoxy penetrant
cealer to the exposed surface of the block with the
intent to re-bond the concrete pleces and to greatly
reduce, possibly eliminate, the alkali reaction by
cutting off exposure to moisture and the res

s

freeze-thaw effect. $Q£Q¢WOUldﬁpf”qg§§J
magsiiwith’ characteristicsmaimi I’arzs’?f@".pr;f.‘ﬁh,. f
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gﬁﬁgﬁﬁﬁéﬁp;géﬁ; the l1ife expectancy is several years,
Z o haps permanent if the chemical reactlons, eas se
stopped ; ithelWan 't%‘g,é,i‘!fir.beﬁ'g‘éﬁe»qui‘ck:fm.iﬁz!&‘ﬁdgaﬂmms
18sstitharitotherzalternativgs.

5.0 INVEBTIGATION WORK SELECTED AND PERFORMED:

5.

1

pulsed velocity analysis of all blocks (a non-
destructive examination) was chosen to obtain
preliminary indications 'of the extent and size of
internal cracks. It is not totally conclusive of
concrete strength, but does broadly categorize the
location and extent of cracking, thus permitting the
pest choice of core boring jocations for obtaining
physical evidence.

Based on the very lov velocities obtained by sonic
examination, a core sample was drilled and removed from
the eastern main block and examined visually.

The poor condition of the concrete in that sample
dictated cutting and removing a sample from the western
main block to determine if all the blocks should be
presumed to be badly cracked.

Results and interpretations of both cores are given in
appendix A (Western Technologies) .

The severe cracks and fractures observed in the core
samples indicate a significant mineral reactivity.

This prompted the next step in the investigation, a
petrographic examination to obtain specific physical
and mineralogical properties and to assess the degree ..
of alkali-aggregate reactivity and degree of cement
hydration.

results and interpretations are given in: Appendix B
(Micro-Chem Laboratories).

Water “is reguired to promote mineral reactivity and to
cause cracking due to freeze-thaw temperature changes.
A section of core sample was examined for: 1) water
content in a core sample and 2) ability of the concrete

to apsorb moisture. This is a factor in determining
the method(g) of rehabilitation.

Results are given in appendix E

PAGE 4 OF 6
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5.5 Epoxy resins bond well to concrete and aggregate
surfaces, providing a bond exceeding that of normal
cement hydration and concrete strength development, and
providing a water repellant product. On this premise,
the following sources were reviewed and analyzed for
development of specific criteria for rehabilitation of

the blocks:

ASTM Standards

ACI Standards .

New Mexico State Highway pepartment Bridge Engineers
and Specifications

Manufacturer’s Technical Data (3 sources)
Application contractors (2 sources)

Results and interpretations are given in:
aAppendix C (Vic Peery Construction)
Appendix G (Specification EMTD-EGROUT~100)

6.0 CONCLUBIONS:

6.1 All six of the anchor blocks are extensively cracked
and delaminated throughout the mass and have reached
severe to complete failure. The concrete is, for all
practical purposes, a mass of tightly knit pieces of
various sizes held together by the cage of §#7 steel
reinforcing bars. The ability of these blocks to
withstand the type loads for which they were designed
has been greatly diminished; however, the life of the
blocks in their current condition is indeterminate,
depending entirely on the risk of ultimate safety
factor loading. Reactivity will continue at an
accelerated rate as long as air and moisture have

access to carry on the chemical reactions.

%Egg}gag;pgg&g&ggcablé\aﬁéﬁér boltsiand - socketENAEE
;éogndmconditionﬁ?based;onavisualwekéminétibﬁéﬁw

6.3 Weight, shape and placement of blocks is adequate to
support the bridge as designed.

6.4 Hpoxyiinjectionycan, when: roper Lyl Led jrradignaame
: ;d%%“'é}ig&’?“g‘%a1?1’:1‘”&?1‘5%@‘%1%’15‘1@5;@5;%?jé'th'e'*-.a::b L OERE AL AT OPEEIT
pneway The re-bond will produce a restored, solid mass
Wwith" integrity similar to normal concrete. The mass
will also be water repellant. There is no way to know
in advance how extensive the crack £i1l will be, but
core sampling and sonic analysis of the work will
provide reliable indicators of how well the epoXy
penetrates the cracks and bonds the surfaces.’

PAGE 5 OF 6



There are many suppliers of epoxy and contractors who
profess to be able to properly apply the products.
However, most suppliers either have no track record or
theit track record has bheen blemished by numerous law
suits. And there are relatively few contractors who
have a successful track record in this specialty of
epoxy injection.

RECOMMENDATIONS:

Recommend rehabilitation through competitive bidding in
accordance with the terms of Appendix G (specification
for .Rehabilitation) and Appendix H (Field Requisition}.

The work should be completed before the end of November
unless. allowance is made for extensive weather
protection and heating throughout the application and
curing period. : :

The blocks .should. be covered temporarily now and kept
covered continuously until the injection contractor can
provide adequate protection from rain, snow and low
temperature. Qggphg;datejof,thisgréportf”Utfff@f@@xis
arranging forjthis work.. ,

pan Am should prepare the site by excavating the top
soil around each block down to tuff, and with a trench
wide enough to allow the epoxy applicator to operate
drilling and injection equipment. This work has been

scheduled by Roads and Grounds.

After injection is complete, the blocks should be
examined by selected coring and analysis to evaluate L
for % of crack filling and for bonding strength through
the use of compression testing.

The blocks should also be examined nondestructively by
pulsed velocity (sonic) analysis after core holes have
heen filled and after any supplementary injections
resulting from core sample analysis.

After the epoxy injection process is complete, the
blocks and surrounding soils should be given a final
evaluation to determine the need for any other

‘strengthening or safety modifications such as drilling

and grouting rock anchor bolts through .the blocks and
into the rock below the blocks. For information only,
appendix D (calculations of cable and Block Loads) is
attached as a preliminary 'step toward this final
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PAN AM WORLD SERVICES, INC.

MEMORANDUM
TO: Jerome Gonzales, USTP B
THRU: v, Materials Engineer, EMID
-
FROM: Sr. Materials/Geotechnical Engineer, EMTD
DATE: March 23, 1990 EMTDS0.130

SUBJECT: W.O. $4442-27, ENGINEERING SERVICES, PEGGY SUE BRIDGE
FOUNDATION ANALYSIS OF CONCRETE ANCHOR BLOCKS

As requested, we have completed an investigation of the foundation
supporting the two principal anchor blocks and an analysis of the
potential for the installation of anchor bolts for additional

support.

The attached report of this work describes the recommended type and
configuration of anchors required to provide adequate support.

A contract for this installation should be about $5,000, plus
detailed design, specification preparation, administrative and
inspection costs.

A copy of this report is being given to ENG-3 to give them an
opportunity to review and provide any additional recommendations.

This report completes our scheduled worX on this phase of the
project.

A LBl

Thomas L. Brake

TLB:mjh

XC: C.E. Baxter, EMDBO
Doug Veolkman, ENG-3, M984
T.amar Nowland, EDED

ATTACHMENT: Anchor Bolt Tnvestigation Report



WORLD SERVICES, INC.

ANCHOR BOLT INVESTIGATION REPORT

March 23, 1990 page 1 of 2

W.0. #4442-27
ENGINEERING SERVICES - PEGGY SUE BRIDGE
FOUNDATION ANALYSIS OF CONCRETE ANCHOR BLOCKS

PURPOSE: The objective of this endeavor has been the geotechnical
investigation of the substratum to. determine its capacity to
support pre—tensioned anchors and then to devise an anchor
configuration yhat would satisfy the mechanics pertaining to the
blocks.

SUMMARY OF CONCLUSIONS: The subgrade materials are composed of
incompetent tuff. Its consistency is that of a dense sand and this
analogy was employed in +he suggested design included. The type of
- anchor assumed nerein for the blocks is a hollow—-core prestressable
anchor, adapted with a fubular hollow at its center for injecting
grout downward through the bar and upward shrough the annulus in

the hole.

OBSERVATIONS AND CONCLUSIONS: The tests, pmeasurements and design
example are summarized as below. supporting details and
computations are provided within the text.

1. Borings: TwoO porings were drilled, one adjoining each of the
two major concrete blocks (see Boring tocations on page 1) .
Boring logds follow on the next two pages- 2 hollow-stem auger

was used to drill the borings, with sampling raking place
through the aperture. continuous sampling procedures yielded

a meager recovery, indicative of the scil's lack of coherence.

2. profile: The Boring Profiles are procvided on pages 2 and 3.
These disclose that the consistency of the substrata on
opposite sides of the canyen are very similar. The boring on

the east side of the canyon was drilled to 2 depth of 25 feel;
+hat on the west—-side to a depth of 23.5 feet.

3. Soils: The material encountered in both rorings Wwas
incompetent tuff. A design procedure should treat this
material as a dense sand. The average dry unit weight is 95

pct having an average moisture content of 0.6%.

4. coil Testing: The predominant test procedure was rnat of the
direct shear test and a total of 10 of these tests were
completed (PP- 4 through 6) - The selected angle of internal

friction for design purpose is @g=31° and a contracted,cohesion



e

March 23, 1990

Page 2 of 2

of ¢=250 psf was also decided upon. The coefficient of
passive lateral pressure, K, is 3.12; the coefficient of at-
rest lateral pressure, ot is 0.485. A Newmark method of

stress analysis was computed {page 10) to determine the
block's contribution to vertical stresses at various depths.

5. Anchor Design: The method used for pull-out resistance of the
anchors was devised by su and Fragaszy (3) and is outlined on
pages 8 and 9. oOnly the resistance to pull-out of the grout

shaft was considered. The top resistance would apply only in
the case of 2 puried anchor. A displacement—resistance curve
was then drawn to illustrate the movement of the grout—shaft
necessary to attain maximum resistance (page 12) . aAfter a
number of trial calculations (Appendix B), the final and
workable configuration was arrived at (page 13) being derived

from the data outlined on page l4.

The suggested design requires 4-25 foot anchors having grout-
shafts 18 feet long. The factor of safely against overturning

about the toe of the block is 1.06.

The shear resistance to sliding provided by the material of
the anchors and grout is 240 kxips (page i5), coupled with
frictional resistance of the block amounting to 112.5 kips
plus passive pressure resistance of 140.7 kips (page 14)

totals 493.2 kips. The factor of safety is 2.5.

6. Anchor: The 1.375 inch hollow-core prestressable anchor is
grouted up to the base of the block. Within the remaining 7
feet of borehole through the block, the anchor par is sheathed

and the annulus f£illed with a passive material to arrest

corrosion. Wwith a prestress force of 5 tons on each anchor,
the uninhibited 7 feet of bar should displace apout 0.019
inches. This applied force enhances sliding friction

resistance. The manufacturer for this type of anchor is the

Williams Form Engineering Coxrp (4).

7. rarthcguake Data: L.os Alamos lies in seismic risk zone 2.

This status implies a possibility of an earthguake havin
intensity of VII on the Modified Mercalli Scale.

intensity can produce a ground acceleration of from 0.07 g to
0.15g and a velocity of from 7cm/sec toO 20cm/sec. The anchor

bolt design should address this condition.

Respectfully submitted,

Romas L. Brake, P.E.
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Pan Am World Services, Inc.

TEST BORING LOG— -
PROJECT: PUEBLO CANYON BRIDGE W.0.¥: Lb42-27

BORING NC.: 1 BY: WTI DRILLING RIG: CME-75 AUGER: 6 5\8"
ELEVATION: NA\A DATUM: NA\A BY: N\A
ASSUMED ELEVATION: N\A WATER: NONE DEPTH: N\A TIME: N\A
DATE DRILLED: 11-09-89 ’ DRILLED BY: WTI
LOGELEV. CLASSIFICATION wT. DRILL % WT.DRY SAMPLE
ON BIT]|SPEED M #INC.F.
. Rhyolite Porphry:tan, 1500 32 MINN NO RECOVERY
L subrounded, subangular, FQOT
. moderately sorted, pooxr GRAB SAMPLE
. +o moderately indurated,
+ friable, aphanitic GRAB SAMPLE
. +texture, 30% quartz, 10%
. blue sanidine inclusions, 1 MINN GRAB SAMPLE
. 60% welded tuffaceous FOOT -
= ma‘tl‘ix‘
L 1light purple 2 MINN FULL RECQV-
S B - |- FQOT ERY BUT
S L MOSTLY
0o - {11 94 | INCOMPETENT
::::::. : —— 1.0 a3
o - 2 MIN\ |05 83
XK - FOOT | 03 | 102
o:o:o: L
:.:.:. L, 02 93
Y
e T
200 i
S !
XXX,
XX - 2 MIN\
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M
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Pan Am World Services, Inc.
TEST BORING LOG-

_ PROJECT: PUEBLO CANYON BRIDGE W.0.%: Lh&2-27
BORING NO.: 2 BY: WTI DRILLING RIG: CME-75 AUGER: 6 5\8"
ELEVATION: N\A DATUM: N\A BY: N\AR
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DIRECT SHEAR TESTS
PeEGeY SUE BRIDGE
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_DIRFCT _SHEAR TESTS*
Sample No. Depth S T

erteingrgy PV
1 13'6=13'8" | 16 | 77
12’'8%13'107| 304 83
12’ 10-14'0" | s8.2| 102
s4'€-14'8" {386 |128
14'8=14"10"{16.4 | 58
18'0=-1572" | a5 | 51
15'10%18'0" | 164 | 82
[P 2u?
16'0=18"2"| 30.3{ 118
r» '
180-170" | 31.1 | 102
’w /.
19°2°=19'4" 185 | 875
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GENERAL DESIGN PARAMETERS USED IN THE
PRESENT DESIGN ON NEXT 3 PAGES

SHAFT RESISTANCE OF THE GROUT COLUMN
1S ONLY RESISTANCE TO PULL-OUT |
CONSIDERED HEREIN.



EROUND ANCHORS

| AO =
Y 1 S //&///(‘\\%// SUSYS ‘ : TR A
S
I 9=0 i | ik
| I 4=
Find ) =0 P
\\ RN
AT PLATE S
GROUT e | )
SHAFT ::‘:':.'-:.5: # :::- ‘:'..": .L
O GROUT it B
Gk shaFT 5]+

The load applied to a single gound anchor i carrfied
jointly by the soil on the top of the grout shaft and by the
so0il around the shaft.

The common expression for the bearing capacity of a
gound anchor is
O = O-r+ Qq -
where Q.- = the shaft resistance; and Qq = the top resistance.

Qrincreases rapidly as loading begins and reaches 2 peak
value after a small displacement.

Qq increases more slowly and reaches its peak value at 2
relatively large displacement. The soil is usually in a plastic
state when Qq reaches peak value due to shear failure.



)

ANCHOR RESISTANGE FORMULAE &)

For a homogsnsous $oil and 8 1inear overburden stress increase,
the shear stress eround the cylindrical grout shaft is assumed to
increase linearly. The skin resistance of & dense sand is

Q.= (TDLI &P (-5 ) o+ K¥Zmtand)

whare Zm = the distance betwesn the ground surfece and the midpoint

of the grout shaft;

K = the lateral stress coefficient, which depends on the density
of Lhe soil and the injection pressure.(l)
Ko for 1oose sand and  Kp for dense sand.

g = displacement

sr = displacement at faflure in direct shear test

L = length of the grout shaft

- diameter of grout shaft
¥ = unit weight of the soil

¢ = sngle of internal friction of the soil
c=¢ esion

The maximum value of the top resistance, st, occurs at s = 2 0 3D;
{nerefore 1 18 suggested that st = 2.5D in calculation. The totel Lop
resistance {s given by

Q4 = T (O-d)eu 21y ©*P ( - 555"5')

where d = diemeter of tendoh .
qyy =ultimatre pearing capacity

The total capacity of the anchor is Q(S) = Q-;-(S) + @q(S)



SROUND ANCHOR DESIGH

NEWMARK STRESS ANALYSIS

| |7f"" |
e m -
8 / 1)/
\ L
| ARGE \ ; b
ANCHOR | ?_
BLock— . i
- lopr ™
v | -7 - IR
< = , STRESS, PSF
Lzft. AR o 890
UNIT WT.=[45PCF g tt _Ap__, 802 |

ToTaAL WT.2 138,040 L8S.
NormaL STress, o= [O10PSF

0.
w
)
Ap = Oy f(mn) o l__lsff Lp 5 224

L20ft _4p 5 140
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RECOMMENDED ANCHOR DESIGN

THE FOLLOWING FIVE PAGES COMPRISE
THE FINAL RECOMMENDED DESIGN
FOR ANCHORING THE CONCRETE BLOCKS.

THE DESIGN ASSUMES THE FOLLOWING:

1. THREE 13/8-INCH DIAMETER
HOLLOW-CORE RE-BAR
ANCHORS PER BLOCK. (4)

2. THE ANCHORS ARE 25 FEET
IN LENGTH.

3. THE GROUT-SHAFT LENGTH
IS 18 FEET.

4. BOREHOLE DIAMETER OF 21/2IN.

5. EPOXY-RESIN GROUT.

&. ANCHOR CONFIGURATION 'E’
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195K

RECOMMENDED DESIGN

ANCHOR CONFIGURATION 'E

Cable Tension

VAT ZZANS

407"

Passive
Pressure

l\

> - .
Tgu A
O
23
| oo
yZTANY, REZANYZIIRY 21 . v 77T~ 777777 NN 777 N 777 rY
L2
=
N - Hw
I & \
513/ ¥ o =l [25K
K =312 ""|9l"— <« "o Friction
O {9
qb 31° N 2
C =250psF - c
- <{
Y M
/K K _
SMa= 121876 — 1288" = -59.25 % cw ~STABLE

S Fy =1 95K—I4O?K-I 125K = -58. 2K(TO RIGHT)



SHEAR RESISTANCE PROVIDED
By ANCHORS AGAINST SLIDING
Of CONCRETE BLOCK

ASSUMPTIONS: 2
(1 )HoLLow Core GrouTABLE RE-BAR Rock BoLT, Igin DIAMETER

(.)SHEAR MobuLus,Eg= 1 | X10%s]
(12)C RoSS-SECTIONAL AREA=ABIN?
(L3ELAsTIC LIMIT=40Ks!1=7 '
(| A)SHEAR STRAIN,® = T,
(2)E poxy RESIN GROUT
(2 DIAMETER = 2% in.
(22)SHEAR STRENGTHZ ©KSI

=T, =40kl z3caxidrad
S {IxIQks!
T=Fp=Esp =1Ix lO’ksi_ x 2.64xI0°rad = 40.04ksi

£z 1.48in x 40.04ksi =59.5KIPS

Epoxy:
SECTION AREA = 4.9/ inf - (48 it = 343ir?

SHEAR FORCE = 6ksi x 343In* = 20.6kipS

ToTAL SHEAR FORCE RESISTANCE PER ANCHOR
- 59.5kips + 206 kIPs=8QKIPS

2 ANCHORS = 240kips

| 5.



APPENDIX A
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- APPENDIX B

PRELIMINARY ANCHOR DESIGNS THAT WERE FOUND

TO PROYIDE INSUFFICIENT RESISTING MOMENT TO

PREYENT OYERTURNING OF THE CONCRETE BLOCK.
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BROUND ANCHCR DESIEN

/

GRroUT SHAFT LENGTH=(8

k .
195 o [ L :
< Cable ension arge CFS"ECd;e\*j} ei)'“k TeENDON LENGTH=2R’
G.S' ) . ITTTS T —_r
TS T W ~TTYTT A ALY < 4, e ST e )
é , 4'
F‘)AQYR > >
S * o :
P =8 o Nl 1280
Friction = =
—{ gt '
b
)
in
S
2
. r<(
MA:MOMENTABOUT POINT "A” AncHorR CoNFIGURATION D

SM,= 195%. 25 ~ 140K 478 -1407133) - 215 (6.25)-43 2
SMaz 121875~ 1208.3% = —79.6"

o SUM OF RESISTING MOMENTS GREATER THAN
TURNING-OVER MOMENT BY 79.6 ft-kips

ZF 195’;ff —.2532: = 58X RESISTANCE
Horizontal ic TO SLIDING

*NOTE: |F ALL 3 ANCHORS WERE PLACED 2 FT TO THE RIGHT OF ¢

ZM, = 1218.75%-1288% = —69:25* ResisTiNG MoMENT

AncHor CoNFIGURATION E Excess
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INSPECTION OF UTILITY BRIDGE
Project 9-LQ0-Q4974

The bridge supporting the gas utility line in the city of
Los Alamos has been inspected and evaluated as requested in REP
9-LQ0-Q4974. The bridge is a cable stayed, open spandrel arch
spanning Pueblo Canyon. The pbridge is 550 feet long and consists
of one main span suspended from two 2-inch diameter cables
suppoerted by one steel tower on each side of the canyon with the
cables anchored into large concrete blocks cast into the volcanic
tuff that makes up the plateau on each side of the canyon.

Figure 1 in Appendix A shows a deck view of the pridge and
Figure‘Z shows a profile view.

Tge field inspection was conducted by Dr. Kenneth R. White,
P.E., Dr. Samuel P. Maggard, P.E., and Mr. Ruben Gallegos o
September 6-7, 1990. The inspection included a "hands-on"
inspection of each joint of the bridge superétructure and careful
observation of every cable anchor clamp of the bridge. The
inspectors climbed the cable-support towers on each side of the
canyon and carefully inspected each joint and bearing on the
structures. The field inspection team checked each substructure
component for deterioration or damage. The substructure
components included the six concrete cable—-anchor blocks and the
pase of the cable support towers.

The field inspection included careful visual inspection of
the bridge components as wall as ngoundings'" using a hammer.
Other inspection equipment such ultrasonic probes, "faeler

wires", and dye penetrant wers available but were not used since
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the inspection team found no signs of significant duress on the
steel superstructure.

The bridge is rated as fracture critical according to the
National Bridge Inspection standards (NBIS) since failure of one
of the major components (main support cable, cable support tower,
or cable anchorage) would most likely result in catastrophic
collapse of the bridge. However, during the field inspection the
team found no indications of significant duress. . Despite the age
of the bridge (41 years), the structure appears to be functioning
vary well. The cables, Jjoints, cable clamps;, floorbeams, and
stringers are all in fair to good condition. Figure 3 shows a
typical view of the cables, joints, caple clamps, and floorbeams.
The h;pges, rollers, and bearings are all functioning and show no
signs éf significant duress. Figure 4 shows hinges, bearings,
and rollers.

The concrete cable anchorage plocks do show signs of long—
term, freeze-thaw damage. The exposed surfaces of the concrete
plocks are cracked with spalling and delamination. The south
main-cable anchor block has some efflorascence caused by water
leaching through the cracks in the concrete. AllL the anchorage
blocks have been treated with epoxy crack sealant that is in good
condition at this time and makes the concrete much more resistant
to water penetration.

vVarious forms of corrosion were found on & majority of the
bridge components. Corrosion forms included galvanic, crevice,
and pitting. The galvanic corrosion is caused by the interfacing
of dissiﬁilar metals in the presence of an electrolyte (water) .

The crevice corrosion occurs within the gaps of mating surfaces

Pg — 2




of the structure where evaporation of moisture is slow. pitting
is the localized formation of deeper, narrow penetrations into
the steel surfaces caused by scratches and nicks in the
protective paint surfaces. Fortunately, none of the corrosion
has progressed to a point of causing significant loss of section
and/or duress in any of the primarily structural members.
Further damage from the corrosion may be prevented DY cleaning
and painting the bridge superstructure and support towers.

The Structural Inventory and Apprailsal Ratings required by
the National Bridge Inspection standards (NBIS) for highway
bridges is shown in Appendix A. Several of the items do not
apply to the utility bridge. Undex the structural data; the
bridgekis classified as a steel suspension bridge (Item 43) over
a waterway {Item 42).

The Condition and Appraisal Ratings are defined in the

Recording and Coding Guide for the Nation’s gridges and the

appropriate definitions have been reproduced and placed in
Appendix B as reference material. The applicable condition
ratings are as follows:

Deck - good condition with minor problems (Item 58) .

Superstructure - good condition with minor problems
(Item 598).
Substructure ~ satisfactory condition, some structgral
elements show some minor deterioration
{(Item 60).

The applicable appraisal ratings are:

Structural condition - equal to present minimum criteria
(Item 67).
Waterway adequacy -~ superior to present desirable criteria
(Ttem 71).

. Pg - 3



Routine maintenance on numerous components is needed to
prevent damage or further deterioration of the structure. Most
of these items are associated the cable connections, &.g.
replacing missing cable clamps or missing nuts, tightening the
sway cables, replacing frayed cables, and replacing a few cat-
walk gratings. Specific maintenance items and their location are

listed in detail in Appendix C.

Recommendations:
The following general recommendations are made with regard
to the utility bridge.

1. Clean and paint the bridge superstructure and main cable
ggpports. The bridge stringer, floorbeams, pearing, and
;alkway need protection from further corrosion damage.
Typical corrosion is shown in Figure 5.

2. Tt is not necessary to paint the cables at this time since
they appear in good condition and show no signs of
corrosion.

3. Monitor the cable anchorage blocks to check on further
freeze~thaw damaée cause by water penetration and any sign
of movement of the anchorage blocks or cable eyebars.
Freeze-thaw damage is shown in Figuze 6.

4. Tighten the loose sway cables and monitor the cable tensions
on a regular schedule to prevent damage from wind leading.

5. Replace the securing bolt in the pin of the main cable
anchor on the west end, south side. FProper tension on this
bolt holds the pin sleeve in position as originally

designed. The pin arrangement is shown in Figure 6.

Pg — 4
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6. The east tower requires some further preventative

detailed in

maintenance to minimize corrosive activity as

Ttem 27 of Appendix C.
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STRUCTURE: GAS ULITITY PTIPE COUNTY: LOS ATLAMOS

FEATURE CROSSED: PUEBLO CANYON DATE: SEPTEMBER 7, 1990

FIGURE 6: CABLE ANCHORAGE BLOCK AND ANCHOR PIN
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STRUCTURE: GAS ULITITY PIPE COUNTY: LOS ALAMOS

FEATURE CROSSED: PUEELO CANYON DATE: SEPTEMBER 7, 1990
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STRUCTURAL INVENTORY AND APPRAISAL RATINGS
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STRUCTURAL INVENTORY & APPRAISAL SHEET

STRUCTURE DATA:

ltem
36 - Traffic Safety Features Notr Applicable
41 - Open, Posted, or Closed N/A
42 - Type Service 05 I
43 - Structure Type - Main 313
57 - Wearing Surface N/A
CONDITION:

ltem Material Condition anal., Rating
58-Deck S st;eel‘zrr;lte good except one panel 7
59-Superstructure steel . ' good 7
60—Su‘bstructure concrete satisfactory 6
61-—Ch$nnel & Ch Protection N/A
62~ Culvert & Retain. Walls N/A
63- Est. Remaining Life A
63- Operating Rating N/A
65- Approach Roadway Condition N/A
66— Inventory Rating N/A

APPRAISAL:
Deflelencies Rating

67- Structural Condition Controlled by Cond rating 6
68- Deck Geometry . N/A
69- Underclearances N/A
70~ Safe Load Capacity N /A
71~ Waterway Adequacy g

72

Approach Roadway Alignment /A




Items 58 through 62 - Indicate the Condition Ratings

In order to promota uniformity between bridge inspectors, thess guidelines will
be used to rate and code Items 58, 59, 60, 61, and 62.

Condition ratings are used to describe the existing, in-place bridge as
compared to the as-built condition. Evaluation is for the materials related,
physical condition of the deck, superstructure, and substructure components of
a bridge. The condition evaluation of channels and channel protection and
culverts is also included. Condition codes are properly used when thay
provide an overall characterization of the general condition of the entire
component being rated. Conversely, they are improperly used if they attempt to
describe localized or nominally occurring instances of daterioration or
disrepair. Correct assignment of a condition code must, tharefors, consider
both the severity of the deterioration or disrepair and the extent to which it
{s widespread throughout the component being rated.

The load-carrying capacity will not ba used in evaluating condition items. The
fact that a bridge was designed for less than current legal loads and may be
posted shall have no influence upon condition ratings.

Portions of bridges that are being supported or strengthened by temporary
members will be rated based on their actual condition; that is, the temporary
members are not considered in the rating of the item. (See Item 103 -
Temporary Structure Designation for the definition of a temporary bridge.)

Completed bridges not yet opened to traffic, if rated, shall be coded as if
open to traffic.

The following gensral condition ratings shall be used as a guide in evaluating
Items 58, 59, 60, 61, and 62:

Code Description

N NOT APPLICABLE

g EXCELLENT CONDITION

8 VERY GOOD CONDITION - no problems notad.

7 'G00D CONDITION - some minor problems.

6 SATISFACTORY CONDITION - structural elements show some minor
deterioration. —

5 FAIR CONDITION - all primary structural elements are sound but may
have minor section loss, cracking, spalling or scour.

4 POOR CONDITION - advanced section loss, deterioration, spalling or
scour,

3 SERIOUS CONDITION - loss of section, deterioration, spalling or scour

have seriously affected primary structural components. Local
failures are possible. Fatigue cracks in steel or shear cracks in
concrete may be present,

2 CRITICAL CONDITION - advanced deterioration of primary structural
alements. Fatigue cracks in stee] or shear cracks in concrete may
be present or scour may have removed substructure support. Unless
closely monitored it may be necessary to close the bridge until
corrective action is taken.

1 » IMMINENT" FAILURE CONDITION - major deterioration or section loss
present in critical structural components or cbvious vertical or
horizontal movement affecting structure stabiiity. Bridge is closed
to traffic but corrective action may put back in light service.

0 FAILED CONDITION - out of seryice - beyond corrective action.



Item 58 - Deck 1 digit

This item describes the overall condition rating of the deck. Rate and code
the condition in accordance with the abaove general condition ratings. Code N
for all culverts.

Concrete decks should be inspected for cracking, scaling, spalling, leaching,
chloride contamination, potholing, delamination, and full or partial depth
failures. Steel grid decks should be inspected for broken welds, broken grids,
section loss, and growth of filled grids from corrosfon. Timber decks should
betinspected far splitting, crushing, fastener failure, and deterioration from
rot.

The condition of the wearing surface/protective system, joints, expansion .
devices, curbs, sidewalks, parapets, fasclas, bridge rail, and scuppers shall
not be censidered in the overall deck evaluation. However, their condition
should be noted on the inspection form.

Decks integral with the superstructure will be rated as a deck only and not how
they may influence the superstructure rating (for example, rigid frame, slab,
deckgirder or T-beam, voided slab, box girder, etc.). Similarly, the
suggrstructure of an integral deck-type bridge will not influence the deck
rating,

Ttem 59 ~ Superstructure 1 digit

This item describes the physical condition of all stpructural members. Rate and
code the condition in accordance with the previously described general
condition ratings. Code N for all culverts.

The structural members should be inspected for signs of distress which may
include cracking, deterioration, section loss, and malfunction and misalignment

of bearings.

The condition of bearings, joints, paint system, etc. shall not be included in
this rating, except in extreme situations, but should be noted on the

inspection form.
e "

On bridges where the deck is integral with the superstructure, the
superstructure condition rating may be affected by the deck condition., The
resultant superstructure condition rating may be lower than the deck condition
rating where the girders have deteriorated or been damaged.

Fracture eritical components should receive careful attention because failure
could lead to collapse of a span or the bridge.

Ttem 60 - Substructure 1 digit

This item describes the physical condition of pilers, abutments, piles, fenders,
footings, or other components. Rate and code the condition in accordance with
- the previously described general condition ratings. Code N for all culverts.

A1l substructurs elements should be inspected for visible signs of distress
including evidence of cracking, section loss, settlement, misalignment, scour,
collision damage, and corrosion. The rating given by ltem 113 - Scour Critical
Bridges, may have a significant effect on Item 60 if scour has substantially
affected the overall condition of the substructure.

The substructure condition rating shall be made independent of the deck and
superstructure..



Ttems 67, 68, 69, 71, and 72 - Indicate the Appraisal Ratings

The items in the Appraisal saection are used to evaluate a bridge in relation to
the level of service which it provides on the highway system of which it is a
part. The structure will be compared to a new one which is built to current
standards for that particular type of road as further defined in this section
except for Item 72 - Approach Roadway Alignment. See Item 72 for special
criteria for rating that item.

Items 67, 68, 69, 71, and 72 will be coded with a 1-digit code that indicates
the appraisal rating for the item. The ratings and codes are as follows:

—

L]
o
j= W
o

Description

Not applicable
Superior to present desirable criteria
Equal to present desirable criteria

Better than present minimum criteria

Equal to present minimum criteria

Somawhat better than minimum adequacy to tolerate being left
in place as is

Meets minimum tolerahle limits to be left in place as is

Basic?l1y intolerable requiring high prierity of corrective
action

. Bastcally intolerable requiring high priority of replacement
This value of rating code not used
Bridge closed

O - N (75 3 - 5 g~ oW I

_/—-
Tables are provided to evaluate items 67, 68, 63 and 71, and shall be used by
all evaluators to code these items. They have been developed to closely match
the descriptions for the appraisal evaluation codes of 0 to 9. The tabies
shall be used in all instances to evaluate the item based on the designated
data in the inventory, even if a table does not appear to match the descriptive
codes. For unusual cases where the site data does not exactly agree with the
table criteria, use the most appropriate table to evaluate the item.

Level of service goals is a concept that several States have introduced into
their bridge management to determine the need for bridge improvements.

Level of service goals are target values for selected bridge characteristics
that are used to assess bridge adequacy. The goals may vary depending on the
highway functional classification, traffic volume, and other factors. The
goals are set with the recognition that widely varying traffic needs exist
throughout highway systems and that many bridges on local roads can adequately
serve traffic needs with lower load and capacity geometric standards than would
be necessary for bridges on heavily traveled main highways. The degree to
which a bridge is deficient can be measured by comparing bridge characteristics
with level of service goals. Shortfalls from the goals determine the type and
extent of improvement needs. The shortfalls are useful for comparing bridge
needs and setting improvement priorities. Heeds determined by level of service
goals that are graduated to traffic levels and the characteristics of the
vehicles served can differ greatly from those determined by a single standard
that applies to all bridges, for example the AASHTO A Policy on Geometric
Design of Highways and Streets 1384,




19,
20.
21.
22,
23.

24,

25.
26.

27.

28.

VC45-N rusted turnbuckle.
SC46-N, S rusted turnbuckles.
VC46-N missing cable clamp.
vCc48~S rusted turnbuckle.
SC48-N, S rusted turnbuckle.

SC49-N, S rusted turnbuckle, nut missing at both ends of
cable.

VCS50-N, S rusted turnbuckle, missing cable clamps.
SC50-N, S rusted turnbuckle, ioose cable on south side.

Support tower, east end - water entering into X—pracing at
4th from bottom, S.E. end. Pipe bracing is rusting
uniformly. The rest of the tower exhibits pit corrosion.
Tower should be sand blasted and painted. Defects are shown
in Figure 9. The joints of the X-bracing should be sealed to
prevent water out of pipes. Drains at lower ends of bracing
would drain any water trapped at the present time. See the
attached sketch.

Southeast main cable anchorage block is leaching at N.E.
corner as shown in Figure 10.
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Appendix C
Listed below are specific items that require maintenance or
repair. Each item is located according tc joint number attached
to the cables (metal tags at cable clamps}. VC will refer to the
vertical cable {suspension cable) between the main cable (MC) and
bridge floorbeams (attachment to the bridge superstructure). S5C
will refer to the sway cables. N will reference cables on north
side and S will reference cables on south side of the bridge.
1. Section of walkway grating missing at west end of bridge.

2. VCl1-S (vertical cable, number 1, south side) is missing
cable clamps as shown in Figure 7.

3. VC1-N has frayed cable.
4, SC4—S (sway cable, number 4, south side) cable is loose.

5. VC5-S has oversized turnbuckle that is rusting and has odd
spacing of cable clamps. '

6. SC8-S has a rusted turnbuckle.
7. 8C9-N, S both sway turnbuckles are rusting.
8. SC1l9-N nut missing on sway cable clamp.
9. VC23-S nut missing on cable clamp.
10. VC25-N two nuts missing on cable clamps.

11. VC25-8 frayed cable ends and corroded turnbuckle. Nut also
missing from sway cable clamp.

12. SC27-S turnbuckle missing as shown in Figure 8.
13. SC35-5 loose cable.
14, SC37-S loose cable.
15. 5C38-5 loose cable.
16. SC39-5 loose cable.
17. SC40~S loose cable.

18, SC45-S loose cable, rusted turnbuckle.

Pg - 17
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APPENDIX D
Little Peggy Sue Bridge Photographs and Drawings







Little Peggy Sue Bridge, dir. ~N

Little Peggy Sue Bridge, south tower, dir. ~W
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