
January 31, 2019        
         Enertech Resources, LLC 
Mr. Michael Pittman 5920 W. William Cannon Drive 
Michael.Pittman@austinenergy.com Building One, Suite 102 
Austin Energy Austin, TX 78749 
512.505.7678 830.387.4502 
 
Subject:         Moonlight Towers Replacement Parts Vendor Research Summary 
 
Enertech Resources, LLC Project Number:     18-20-0229 
 
Project Name:     Inspection, Repair, and Restoration of Moonlight Towers 
  
 
Mr. Pittman, 
 
Enertech Resources, LLC is pleased to submit this “Moonlight Towers Replacement Parts Vendor Research 
Summary” containing a log of our efforts to identify suitable replacement star-post members for the Moonlight 
Towers restoration project. 
 
In our efforts to repair and restore the Moonlight Towers, existing tower leg “Star Post” members have been taken 
from storage or other towers to be used as replacements for members that do not meet specifications.  We have 
reached a point in the process at which no further towers can be restored without either casting / fabricating 
replacement parts or decommissioning additional towers in order to borrow acceptable parts.  In an effort to aid 
in the identification of suitable replacement parts, we have reviewed historical documentation, material tests, and 
reached out to various foundries.  The findings of our efforts are contained within this report. 
 
Historical documentation identifies the Star Post material as “wrought iron”, with similar properties to that of steel 
(Exhibit A).  Enertech has commissioned additional testing of the Star Post materials (Exhibit B), with results 
indicating that the material is a low-carbon steel, likely cast, similar in physical properties to what was identified in 
the historical testing. 
 
In order to identify suitable replacement parts for the failing Star Posts, we considered the results of the previous 
restoration project as well as modern production methods.  The original method of casting, as well as modern 
methods of production such as rolling, extrusion, machining (milling), and the use of substitute shapes such as 
standard square tube were considered for their similarity to the original star posts, strength of materials, production 
availability, and cost to produce.  A request for the use of substitute shapes was reviewed by the Texas Historical 
Commission, which has currently declined to amend the permit based on the information submitted and requested 
that Austin Energy and Enertech continue to pursue alternative options (Exhibit E). 
 
The criteria for production of the Star Posts were determined from both the previous restoration’s evaluation 
requirements and from modern materials testing results.  The previous restoration project includes standards for 
straightness and identification of defects.  The material testing commissioned by Enertech Resources in 2016 
identifies modern equivalents to the type of steel found in the Star Posts, which guided recommendations for 
fabrication of new members.  These specifications as provided to potential fabricators are included in Exhibit C. 
 
Because the original Star Post members are believed to be cast, this method was given preference in searching 
for foundries to produce replacement parts.  We were not able to find a foundry which felt they would be capable 
of producing the Star Posts, either due to the overall size of the members, or because of the challenges associated 
with maintaining straightness of members which are as long and narrow as required.  A summary of contact with 
these 21 vendors is provided in Exhibit D. 
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In summary, the optimal replacement Star Post material was identified to be steel, based on historical testing and 
similarity to the existing material properties.  In order to shape the material into the unique cross section of the 
Star Posts, it would either need to be cast, extruded, or milled.  Extrusion methods are unable to maintain the 
straightness specifications as required.  Casting was found to be unavailable in the sizes required or unable to 
maintain the specifications provided.  For this reason, we would like to request on behalf of Austin Energy to mill 
the star post replacements in order to maintain the Star post shape, strength of materials, and production 
availability.  This request and our findings are in agreement with the results of the APT Bulletin report (Exhibit A). 
 
 
 
Respectfully submitted by: 
 
 
 

 
 
Dale B. Shumaker, PE      January 31, 2019 
Vice President       
 
 
Attachments: 
Exhibit A – Preservation Study of the Moonlight Towers, Austin, Texas – APT Bulletin 
Exhibit B – Material Property Testing of Moonlight Tower Star Member Section 
Exhibit C – Moonlight Towers Star Post Detail and Evaluation Criteria 
Exhibit D – Fabricator Contact Log 
Exhibit E – Re: Proposed Amendment to Historic Buildings and Structures Permit #784, Austin “Moonlight 

Towers,” Restoration of 17 Towers, Travis County, Texas 
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 Preservation Study of the
 Moonlight Towers, Austin, Texas
 MARK MOORE, PE, and KARL STRAND

 Restoration of the Moonlight

 Towers was undertaken by the

 Electric Utility Department of

 Austin, Texas, in order to preserve

 an unusual and significant form of

 street lighting. The approach used

 by the architects and engineers

 permitted careful evaluation of the

 existing towers, development of a

 phased program for restoration,
 and identified the elements which

 required replacement.

 The Moonlight Towers, built in
 Austin, Texas, in 1895, have been
 well maintained throughout their life.
 However, the wrought iron lighting
 towers had been exhibiting deterior-
 ation from corrosion, vehicular im-
 pacts, and overstressed components.
 Of the thirty-one original towers,
 sixteen remain standing. Owned
 and operated by the Electric Utility
 Department, City of Austin, Texas,
 the towers are registered with the
 Austin Historic Landmark Commis-
 sion and are listed in the National
 Register of Historic Places and the
 Historic American Building Survey.
 All of the remaining towers are lo-
 cated within an approximately three-
 mile radius of downtown Austin with

 the exception of one tower, which
 was relocated to Austin Municipal
 Park, approximately fifteen miles
 northwest of the city.

 In 1985, the City of Austin com-
 missioned a detailed study of the
 Moonlight Towers, with the primary
 purposes being to evaluate the condi-
 tion of the towers and to identify
 repairs that would be necessary to
 restore the towers as close as possible
 to their original condition. The goal
 of the restoration effort was to

 achieve approximately one hundred
 additional years of service.

 As part of the restoration effort,
 comprehensive research relating to
 the history of the towers was con-
 ducted by Geier, Brown, Renfrow,
 Architects, Washington, D.C. (GBR).
 The historical background of the
 towers is fully described in a report
 entitled "Moonlight Towers -
 Structural Evaluation, Phase I,"
 prepared by GBR and Wiss, Janney,

 Elstner Associates, Inc. The histori-
 cal information presented in this
 paper was condensed from the work
 done by GBR.

 History

 By the early 1890's, Austin had
 emerged from its frontier status to
 that of a progressive city. Founded in
 1839, Austin became the state capital
 and by the 1880's had acquired a
 number of civic monuments befit-

 ting a major city. The Texas State
 Capitol, a massive granite building
 styled after the United States Capitol,
 and the ambitious plans for the Uni-
 versity of Texas were key symbols
 of the city's physical and cultural
 transformation. In other ways, too,
 Austin had attained the qualities of
 urbanity, and these changes were par-
 ticularly evident in the city's public
 works. While gas lighting came to
 Austin in 1871, two decades after it
 gained popularity in Eastern cities,
 telephone and electric service arrived
 in 1881 and 1883, dates contempo-
 rary with installations in leading
 American cities. Therefore, it is not
 surprising that in 1893 when the city
 considered plans for street illumina-
 tion, a state-of-the-art system of
 large towers was selected.

 The Moonlight Towers, designed
 and manufactured by the Star Iron
 Tower Company, provided a form of
 broadcast lighting that was a drama-
 tic break from the more traditional

 system of street lighting. Instead of
 hundreds of closely-spaced individual
 street lamps, Austin was illuminated
 by thirty-one colossal iron towers
 topped with clusters of high-intensity,
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 carbon arc lamps. The tower system
 of carbon arc lights was considered
 desirable because a large area could
 be lit by a single cluster of lamps.
 Austin is a city of hills, and in the
 1890's most of the residential streets

 were unpaved and unsafe at night.
 Concentrating expenses and upkeep
 to a limited number of towers, each
 lighting a large area, was considered
 much more desirable than a complex
 system of poles and wires throughout
 the city. The designers guaranteed
 that the light from each tower would
 be sufficient to read the time of day
 on an ordinary watch, on the darkest
 night, anywhere within 150 feet of
 the base of the tower. The quality of
 light was similar to that of a full
 moon, hence the popular nickname,
 Moonlight Towers.

 This novel system of lighting had
 been developed in the early 1880's by
 the Jenney Electric Company, the
 parent firm of the Star Iron Tower
 Company. The firm had supplied
 similar lighting for the New Orleans
 World Fair of 1884 and the Statue of

 Liberty in 1885 and in the next
 decade provided permanent installa-
 tions in the cities of Detroit, Grand
 Rapids, Little Rock, Philadelphia,
 and Albany, New York. The Jenney
 Electric Company was subsequently
 sold and reorganized as the Fort
 Wayne Electric Corporation prior to
 construction of the Austin towers.

 The design of the Moonlight Tow-
 ers resulted from the successful com-

 bination of individual technological
 developments, each protected under
 separate patents. Foremost of these
 developments was that of the carbon
 arc lamp, which was first installed by
 the Brush Electric Company in a
 Cleveland train station in 1879. The

 Jenney Electric Light Company later
 refined the carbon arc lamp to pro-
 duce the brightest of all artificial
 lighting sources at the time and
 patented their design in 1881.

 Patents for iron light towers and
 light suspension systems, initially
 developed by brothers Edward J. and
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 Fig. 1 (left) and Fig. 2 (above). Many of the sixteen remaining Moonlight Towers are located
 in residential neighborhoods and remain a coveted feature in many parts of Austin, Texas.
 The open lattice frame of the tower is supported by a single round column at the base and is
 topped with a candelabra containing six light units.

 William H. O'Beirne in 1883 and

 1885, were purchased by the Jenney
 Company. This purchase, together
 with the hiring of the O'Beirnes,
 allowed the Jenney Company to
 develop a lighting tower with carbon
 arc lamps, such as those later in-
 stalled in Austin. The Moonlight
 Tower design was also influenced by
 two other inventors, John S. Adams
 and David Maxwell. Adams's

 patents of 1884 and 1886 and
 Maxwell's patent of 1890 offered
 improvements over the O'Beirnes'
 structural support and light suspen-
 sion systems.

 The work of erecting the electric
 light poles and towers and stretching
 the wires was begun in Austin in the
 latter part of June, 1894, and con-
 tinued with little interruption until
 completion. Mayor A. P. Wooldridge
 ceremoniously turned on the new city
 lighting system on May 6, 1895.

 Technology

 The Moonlight Towers are a series of
 nearly identical iron towers, about
 160 feet in height and weighing ap-
 proximately 5,000 pounds each.
 Spaced at varying intervals through-
 out the hilly terrain of Austin, the
 towers are typically located at street
 intersections, with the pipe column
 bases and guy wire anchor posts
 often set quite close to the street
 curb. Each tower consists of a pipe
 column base approximately 10 feet in
 height, above which is a tower struc-
 ture composed of sixteen nearly iden-
 tical stacked sections, triangular in
 plan and each slightly more than
 8 feet in height. Crowning the tower
 is a hexagonal cluster of six lamps.
 The principal materials include
 patented, wrought-iron "star posts"
 for horizontal and vertical tower

 members and diagonal rods also
 made of wrought iron. Connection
 sockets, which join the diagonal
 braces and star posts of adjoining
 units, are of malleable cast iron. At
 each side of the triangular unit, the
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 diagonals converge at the center
 within a tension ring assembly.
 Catwalks are located at the top and
 bottom of each tower structure,
 along with a counter-balanced, hand-
 operated elevator that provides verti-
 cal access. The elevator was neces-

 sary because the original carbon arc
 lamps required replacement each day.
 Attached to one of the three vertical

 star posts were ladder steps, provid-
 ing an additional means for ascend-
 ing the tower. The upper six sections
 have slightly thinner members than
 the lower sections. At the top of the
 tenth and fourteenth sections, guy
 wires extend in four directions to

 anchor posts spaced between 100
 and 200 feet from the pipe column
 tower base.

 Each tower was originally fitted
 with six carbon arc lamps that pro-
 vided a total of 12,000 candlepower
 of brilliant white light. Between
 1894 and 1923, this type of lamp
 was replaced with "magnetite" car-
 bon arc lights, which lasted up to
 three weeks rather than one day.
 In 1923, incandescent lamps were
 installed for a total of 9,000
 candlepower per tower. Mercury
 vapor lamps were first installed in
 1936 and have been replaced several
 times with other types of lamps. The
 present lighting consists of six, 400-
 watt mercury vapor lamps which
 provide approximately 12,600 to
 13,200 candlepower per tower.

 Investigation

 The investigative portion of the proj-
 ect was completed in two phases. The
 first was a preliminary assessment to
 determine typical tower conditions,
 dimensions, and material properties.
 The second phase included detailed
 field inspection of all towers, struc-
 tural analysis of a typical tower, and
 metallurgical testing of representative
 samples.

 Preliminary assessment. Architec-
 tural and structural evaluations were

 performed to assess the present con-
 ditions at each tower. The architec-
 tural assessment viewed each tower
 as a whole and took into account site

 considerations including the relative
 location of roadways, off-street park-
 ing, manholes, fire hydrants, and
 overhead utilities. The structural as-

 sessment concentrated on the safety
 and stability of the towers and in-
 cluded evaluations of tower member

 conditions, guy wire conditions, and
 vertical alignment of the towers.

 The scope of the architectural
 work involved gaining a firm
 understanding of the materials and
 methods of original construction and
 determining current tower conditions.
 In recent years three towers were
 removed, partially dismantled, and
 stored at a common location. The

 towers in storage provided an oppor-
 tunity to study thoroughly and
 measure all tower parts. Measure-
 ment and documentation of the parts
 provided the opportunity to make an
 organized, part-by-part assessment of
 a typical tower.

 Comparison of the tower assess-
 ment documentation with historical

 information provided a reasonably
 clear understanding of the original
 tower assembly techniques. Patent
 documents for a forerunner to this

 tower yielded the following sequence
 of assembly for towers very similar
 to the Moonlight Towers.

 According to the O'Beirnes, a 20-
 foot-tall gantry was placed at the site
 of the tower to be erected. The gan-
 try was four-sided and large enough
 that the tower section could be as-

 sembled on the ground within the
 four sides. Assembly began with the
 assembly of the uppermost tower
 unit, the lighting assembly and upper
 catwalk. Once assembled, it was
 raised up approximately 9 feet within
 the center of the gantry, using a block
 and tackle mechanism, and the next
 tower unit assembled beneath it.

 Once completed, the two units were
 raised again, and the third unit as-
 sembled below them. This continued

 until all units were complete. As the
 tower become taller and taller,
 temporary guy wires were used for
 support. Once complete, the pipe
 column was placed under the assem-
 bled section, and bolted to the pre-
 pared concrete foundation. Lastly,
 the permanent guy wires were
 attached and tensioned.

 Measurements were taken to pre-
 pare scaled tower drawings with de-
 tails of the major components. The
 parts and dimensions of the three
 towers in storage were found to be
 completely uniform. It was deter-
 mined that all parts of the triangular
 tower units, such as star posts, con-
 nection sockets and diagonal rods,
 were interchangeable between sec-
 tions having the same size parts.
 This uniformity of parts would later
 eliminate the need for the marking of
 identical individual parts during the
 restoration phase of the project. A
 cursory comparison of this informa-
 tion with the standing towers con-
 firmed the uniformity of the elements.
 Documentation of the stored towers,
 including sketches and photographs,
 was used to develop an inventory of
 parts for a typical tower.

 Preliminary inspection of the
 standing towers required the estab-
 lishment of a nomenclature for iden-
 tification of all units and structural

 members. The tower base unit, con-
 sisting primarily of the pipe column
 and kneebraces, was identified as
 unit Z. The lower catwalk was iden-

 tified as unit B, and the elevator
 assembly as unit C. The sixteen units
 stacked atop one another forming the
 main body of the tower were iden-
 tified as units D1 through D16, start-
 ing at the lowest unit. These typical
 tower units were further broken

 down and each component given a
 designation. Combinations of these
 designations were used to identify
 connection sockets at member joints.
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 The upper catwalk was identified as
 unit E, and the lighting assembly, or
 candelabra, as unit E

 The preliminary study included
 seventeen towers, designated as
 Tower Nos. 1 through 17. During
 the investigation, Tower No. 8 was
 severely damaged by a vehicle. It
 was disassembled, and the compo-
 nents were moved to the storage
 yard. Each tower was inspected visu-
 ally for obvious previous repairs,
 reinforcements, damage, and defor-
 mations. An overall photograph was
 taken of each tower, and additional
 detailed photographs were taken to
 document observed conditions.

 Interviews were conducted with

 the Electric Utility Department of
 the City of Austin personnel most
 closely involved with maintenance of
 the towers, to gather information
 about previous repair, repainting,
 and relocation of towers. Repairs
 had consisted primarily of efforts to
 brace damaged or deflected star post
 and kneebrace members. It was

 learned that Electric Utility Depart-
 ment crews had moved at least four

 of the towers over the last twenty
 years. One tower was moved ap-
 proximately 30 feet while in a stand-
 ing position, reportedly using more
 than thirty men. At least twenty-four
 men held the guy wires while the re-
 mainder moved the base of the tower

 using a backhoe.
 The scope of the field work for the

 structural assessment involved visual

 inspections of all standing towers
 with the aid of binoculars to verify
 and supplement information from
 the architectural survey regarding
 previous repairs, reinforcements,
 damage, and deformations. Team
 members climbed several towers to

 view in-situ components and joints.
 A detailed elevation and distance sur-

 vey was performed to provide de-
 tailed geometry information relative
 to tower position and vertical align-
 ment at each site and determine

 the location of guy anchor posts
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 Fig. 7. The key component to the towers is
 the cast-iron socket, which provides the
 connection between the horizontal, vertical,
 and diagonal members.

 relative to the tower base.

 These visual inspections were per-
 formed to locate structural deficien-
 cies as well as conditions that could

 affect the structural performance of
 a tower member or of the tower as a
 unit. Several kneebrace members

 were found to be bent, apparently as
 the result of vehicular impact. Some
 star post members at higher eleva-
 tions, including both horizontal and
 vertical members, exhibited varying
 degrees of distortion, varying from
 slight deflection to partial buckling.
 The most severely distorted members
 were braced temporarily by the at-
 tachment of additional members by
 others prior to this investigation.

 The guy wires were found to be in
 generally good condition and free of
 corrosion. However, many of the guy
 wires exhibited excessive sag, indicat-
 ing that guy wire tensions may be too
 low to adequately restrain the towers
 in high winds. The guy wires are at-
 tached to the anchor posts by means
 of eyebolts threaded into turnbuck-
 les, which are in turn bolted to a col-
 lar around the post. The eyebolts
 and turnbuckles were observed in

 many cases to be bent and/or cor-
 roded, thus hampering adjustment
 of guy wire tension.

 The guy anchor posts themselves
 were found to be in good condition,
 although some leaned excessively
 toward the tower, and many were
 found close to streets and driveways
 and quite susceptible to impact by
 vehicles. In many places, tree
 branches and trunks interfered with

 the operation of the guy wires and
 guy anchor posts.

 An elevation and distance survey
 was performed to obtain a more
 precise location of the tower with
 respect to curbs, sidewalks, and the
 guy anchor posts. The elevations of
 the guy anchor posts were used in
 conjunction with their distances from
 the tower base to determine guy wire
 lengths and angles for use in the
 structural analysis of a typical tower.
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 A verification of the vertical align-
 ment of each tower was also com-

 pleted during the survey. To accom-
 plish this, the vertical crosshair of the
 survey instrument was sighted on the
 edge of a star post at the bottom of
 the tower. The instrument was then

 plumbed in a vertical plane to sight
 the same star post at the top of the
 tower. The misalignment at the top
 of each tower was noted as a percen-
 tage of the horizontal stadia line. By
 sighting each tower from approxi-
 mately the same distance, a relative
 value of misalignment was assigned
 to each tower. The four towers with

 the most significant misalignment
 were scaled by a crew member and a
 rule placed horizontally at the top of
 the tower. The vertical alignment of
 the tower was then measured using a
 theodolite setup at a distance of ap-
 proximately 300 feet from the base
 of the tower. Vertical misalignments
 at these towers ranged from 4 inches
 to 13 inches.

 Structural analyses. A series of
 structural analyses was conducted
 utilizing a general-purpose finite-
 element computer program to
 evaluate the structural capacity and
 wind load response of a typical tower.
 Tower geometries and material prop-
 erties collected during the prelimi-
 nary tower assessment were used in
 developing the computer models.

 The analytical model used for the
 analysis of a typical tower consisted
 of a three-dimensional space frame,
 with the tower members represented
 by beam elements. The characteris-
 tics of the entire system could be de-
 rived from the known characteristics

 of the elements, including cross-
 sectional geometries and material
 properties. Using the detailed
 geometries of the tower and proper-
 ties of the individual components,
 stresses and strains throughout the
 tower could be computed. Elastic
 spring elements were used to model
 the guy wire assemblies.

 The sockets where the horizontal

 and vertical star posts are engaged
 were typically modeled as moment-
 resisting joints. For portions of the
 lateral load analysis, the joints were
 also modeled as pinned connections
 to provide comparisons for the ef-
 fects of joint fixity. Connections of
 the diagonal rods to the socket as-
 semblies and the center tension ring
 were modeled as pinned joints. How-
 ever, because of the center tension
 ring assembly, the diagonal rods are
 not capable of resisting compressive
 forces. Therefore, during the lateral
 load analysis, diagonal members
 identified as compression elements
 were assigned a modulus of elasticity
 near zero to simulate no compression
 force capacity.

 Gravity loads applied to the struc-
 ture were modeled in two parts.
 Actual self weights of members in-
 cluded in the model were computed
 by internal routines within the pro-
 gram based on the cross-sectional
 area, length of each member and the
 unit weight of the material. Addi-
 tional dead loads were applied to the
 model at selected node points to simu-
 late the weight of components in the
 actual structure which were not in-
 cluded in the model. These non-

 structural components included the
 light fixtures, the elevator compo-
 nents, and the upper and lower cat-
 walks.

 In addition, the Electronics Indus-
 tries Association (EIA) Standard 222-
 C, Structural Standards for Steel An-
 tenna Towers and Antenna Supporting
 Structures, March, 1976, was used to
 develop an alternate set of wind loads.
 From the 1985 version of the Uniform

 Building Code (UBC), a design wind
 speed of 70 mph was chosen. The
 worst-case loading was achieved by
 the UBC-derived wind loads.

 The typical tower was assumed to
 have guy wires at the joint between
 sections D10 and D11 and sections
 D14 and D15. The stiffness of the

 elastic spring used to model the guy

 wire restraint was computed based
 on the length and cross-sectional area
 of the guy wire and the guy wire
 material properties. The guy wire on
 the leeward side was assumed to go
 slack as the tower deflects laterally
 and was given zero stiffness. The guy
 wires perpendicular to the direction
 of the applied wind were assumed to
 provide lateral restraint to the tower
 but not contribute to resisting the
 applied wind.

 Additional analyses of the guy
 wire systems were conducted to eval-
 uate the effects of addition or reloca-

 tion of guy wires. The initial analysis
 indicated that under design wind
 loads, displacements in the upper
 tower sections adversely affected the
 capacity of vertical star post mem-
 bers. Relocation of the existing guy
 wires or addition of new guy wires
 was studied to determine the effect
 each of these alterations would have
 on tower behavior. It was deter-
 mined that the addition of a third

 level of guy wires would significantly
 reduce displacements and stresses in
 the vertical tower members. The best
 locations for the three levels were

 determined to be joint numbers
 D9/D10, D12/D13, and D15/D16.

 In general, the structural analyses
 indicated that the maximum stresses

 in tower members were approxi-
 mately 10 percent of the wrought
 iron's tensile strength of 40 ksi (kips
 per square inch), for most loading
 combinations. Under static dead

 load conditions, stresses in the verti-
 cal star post members were less than
 1 ksi, with the maximum occurring
 at the bottom of the tower. For the

 lateral wind loading analysis using
 the UBC design wind load of 70
 mph, maximum compressive stresses
 of approximately 3.8 ksi were in-
 duced in the vertical star post mem-
 bers of Section DS. Likewise, the
 maximum tensile stresses of approxi-
 mately 5.1 ksi occurred in the vertical
 star post members of Section DS.
 Typically, the maximum axial
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 compressive loads occur in vertical
 members on the windward side of

 the tower at an elevation approxi-
 mately halfway from the base to the
 lower guy wire attachment. Mem-
 bers with maximum axial tensile

 loads occur in this same region on
 the leeward side of the tower.

 The bolts connecting the diagonal
 rod and clevis to the socket joint
 were found to be highly stressed.
 Typical axial forces of approximately
 3,500 pounds were computed for
 diagonal members in the lower sec-
 tions. The computed allowable load
 for these bolts was approximately
 4,100 pounds.

 The yield strength of wrought iron
 from tests on actual tower members

 was found to be approximately 25
 ksi. From review of historic docu-

 ments, it is believed that a safety fac-
 tor of 4 was used for wrought iron at
 the time of original design and con-
 struction of the Moonlight Towers.
 Therefore, the safe working stress for
 the wrought-iron members of the
 towers would be approximately 6 ksi.
 With this in mind, then, the maxi-
 mum stresses in the tower members

 under design wind load conditions
 were found to meet this criterion.

 From the field measurements,
 distances from the tower to the guy
 posts varied from approximately 100
 feet to almost 200 feet. The com-

 puted horizontal stiffness of the guy
 system varied approximately 27 per-
 cent for the lower guy system and
 approximately 9 percent for the
 upper guy. The resulting lateral
 tower deflections under the UBC

 wind loading, however, varied only
 13 percent due to these changes in
 stiffness. In the analytical model, the
 degree of resistance to rotation, or
 fixity, assigned to the tower base had
 a more significant influence on the
 deflected shape. Base fixity was ob-
 served to significantly affect the lat-
 eral deflections, but had only a small
 influence on member forces away
 from the base section.

 The vertical star post members
 were analyzed for susceptibility to
 lateral buckling. It was determined
 that significant compressive loads on
 the vertical star post members could
 result in buckling of these long, slen-
 der members. The level of loading
 necessary to cause buckling would
 be even less if the member was not

 straight originally. The predicted pos-
 sibility for lateral buckling coincides
 with the observed distortions of verti-

 cal star post members at some towers.

 Metallurgical evaluation. The pur-
 poses of the combined program of
 mechanical and metallurgical testing
 of the tower components included de-
 termination of present strengths of
 the components, as well as location
 of internal flaws, known as indica-
 tions, particularly at the malleable
 cast-iron connection sockets. The ul-

 timate goal of the program was to de-
 velop a procedure for nondestructive
 inspection of the components during
 restoration activities and to establish

 a criteria for acceptance/rejection of
 components.

 Material properties of tower mem-
 bers were determined by physical
 testing in accordance with ASTM E8,
 Test Methods for Tension Testing of
 Metallic Materials. Cylindrical test
 specimens were cut from two differ-
 ent sizes of star post sections and
 from the 58 inch diameter diagonal
 rods. Rectangular specimens were
 cut from the base column. All speci-
 mens were oriented parallel with the
 longitudinal axis of the member. The
 specimens were determined to be
 wrought iron, with a nominal yield
 strength of 25 ksi and a nominal ulti-
 mate tensile strength of 40 ksi. The
 clevis bolt was found to be wrought
 iron with a nominal yield strength of
 37 ksi and a nominal ultimate tensile

 strength of 55 ksi.
 Metallurgical examination of the

 diagonal rod tension ring and the
 diagonal clevis indicated that they
 are malleable cast iron with esti-

 mated nominal yield and ultimate
 tensile strengths of 30 ksi and 50 ksi,
 respectively.

 Due to the complex geometry of
 the sockets, it was necessary to de-
 velop a specialized procedure for
 magnetic particle inspection of the
 sockets to locate indications. The

 procedure used was an adaptation of
 ASTM A275, Method for Magnetic
 Particle Examination of Steel Forg-
 ings, and ASTM E709, Practice for
 Magnetic Particle Examination. In
 this procedure, a magnetic field is in-
 duced around the sample, with the
 magnetic lines of force at right angles
 to the suspected indication. A solu-
 tion of fluorescent magnetic particles
 is sprayed on the sample just as the
 magnetizing current is disconnected.
 When viewed under a black light,
 indications of surface or near sur-

 face discontinuities appear as bright
 features.

 Eight cast-iron sockets were
 evaluated using the method described
 above. The specimens were etched
 chemically to further reveal the grain
 structure. Each specimen was exam-
 ined metallographically, with photo-
 micrographs taken to document the
 observations.

 One indication was evaluated

 further by causing complete fracture
 of the segment containing the indica-
 tion by cooling in liquid nitrogen
 followed by a sharp impact. This
 technique causes crack extension
 from the tip of the indication. One
 half of the fracture was then cleaned

 to remove scale and corrosion pro-
 duct prior to examination of the sur-
 face in a scanning electron micro-
 scope. Pertinent surface features
 were documented photographically.

 Every socket examined using the
 magnetic particle technique con-
 tained some type of indication. The
 observed indications consisted pri-
 marily of groups of small round or
 linear inclusions, considered typical
 of surface-related casting porosity.
 More serious indications were judged
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 to be casting defects. There was no
 clear evidence of any in-service crack-
 ing or crack propagation.

 Evaluation of options for member
 replacement. The results of the
 architectural and structural analyses
 and findings of the metallurgical
 studies indicated that repair or re-
 placement of selected star post mem-
 bers would be required. The options
 available included the reconditioning
 and straightening of existing de-
 formed members, the use of salvaged
 parts from previously disassembled
 and incomplete towers not scheduled
 for re-assembly, the fabrication of
 new members using wrought iron,
 and the fabrication of new members

 using a substitute material. In the
 end, replacements were secured from
 the salvaged towers, but only after
 substitutes were investigated.

 Investigation of possible substitute
 materials for the structural wrought
 iron included evaluation of mild

 steel, stainless steel, galvanized steel,
 aluminum, and fiberglass. The cri-
 teria for evaluation of the substitute

 materials included physical proper-
 ties, such as tensile strength, yield
 strength, and modulus of elasticity,
 and physical characteristics of the
 material including corrosion resist-
 ance, compatibility with the existing
 mechanical fastening systems in the
 towers, and compatibility with the
 proposed paint system.

 It was anticipated that the replace-
 ment material would be used in con-

 junction with existing wrought-iron
 star posts and that cross-sectional
 dimensions of the replacement mem-
 bers would be required to match the
 existing wrought-iron sections. In
 addition, the replacement members
 would have to be geometrically com-
 patible with the existing sockets.
 Because of these requirements, it was
 essential that any replacement mate-
 rial have physical properties similar
 to the existing wrought iron. Para-
 mount to this compatibility was
 matching the modulus of elasticity
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 Fig. 9. The elevator platform provided access
 to the light candelabra when daily changes
 of the carbon arc lamps were required. The
 elevator platform is counterbalanced to assist
 the user in the ascent. Stopping the platform
 is accomplished by using a crude pinch-
 brake, which is foot-activated and clamps
 the platform to the guide cables.

 of the replacement material to that
 of the wrought iron. Based on this
 criterion alone, the aluminum and
 fiberglass replacement options were
 eliminated from further considera-
 tion.

 Analysis of the original metals
 used on the towers, particularly the
 wrought iron, revealed an inherent
 resistance of the material to corro-

 sion. The relatively good present
 condition of the towers was largely
 attributed to the corrosion resistance.

 Lacking this property, the towers
 would likely have corroded and
 deteriorated at a much faster rate.
 While the stainless steel corrosion

 rate of 0.2 mdd (milligrams per
 square decimeter per day) is accepta-
 ble, the corrosion rate of 50 mdd for
 mild steel was judged unacceptable.
 The corrosion rate of the substitute

 materials was evaluated, and the
 stainless steel alternative considered

 to be the preferred material if new re-
 placement parts would be required.

 The cost of producing the star
 post sections using the substitute
 materials was also evaluated. Cost

 estimates were developed based on
 the costs of the raw materials, the
 tooling, and the production of 250
 members. It was determined that a

 few rolling mills in the Austin/San
 Antonio/San Angelo area could pro-
 duce the star posts economically.
 While the aluminum and fiberglass
 are economical to produce, they did
 not satisfy the other criteria needed
 for good performance. Cost esti-
 mates for production of new
 wrought iron star post members
 could not be obtained.

 It became clear from the analysis
 of replacement materials that stain-
 less steel was the preferred substitute
 material, although the cost of pro-
 ducing replacement star post sections
 was quite high. Fortunately, the
 number of members that are severely
 damaged was low, and the supply of
 replacement members from towers in
 storage was adequate to complete the
 restoration work using the much
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 Material Modulus of Yield Approximate Relative
 Elasticity Strength Corrosion Cost
 (ksi) (ksi) Rate ($)

 (mdd)

 Wrought Iron 28,000 25 Negligible -
 Stainless Steel 28,000 42 0.2 127,000

 Mild Steel 29,000 36 50.0 92,000

 Aluminum 2024 10,600 2 5.2 8,000

 Aluminum 6061 10,600 35 2.7 4,000

 Fiberglass 2.500 - None 20,000

 Fig. 10. Comparison of physical properties and costs of substitute material options.

 preferred replacement material--
 historic wrought-iron star posts from
 salvaged towers.

 Phased Restoration

 The final portion of the project in-
 volved the development of a phased
 program for the repair and restoration
 of the Moonlight Towers. Because of
 the anticipated cost for restoration of
 each tower, the City of Austin stipu-
 lated that it would be necessary to
 allow five years for completion of the
 program. Because deteriorated con-
 ditions presently exist at many of the
 towers, it was also necessary to
 develop specific guidelines for the
 stabilization of each tower to ensure

 the structural stability of the towers
 over the specified five years.

 The stabilization program, which
 was completed in December, 1990,
 consisted of plans and specifications
 for structural repairs to each tower,
 including such items as bracing of
 deflected star post members, replace-
 ment of bent kneebrace members,
 and replacement of inoperable guy
 wire turnbuckles. In addition, each
 tower was plumbed to within speci-
 fied tolerances, and guy wires ad-
 justed to specified tensions.

 The restoration program includes
 disassembly of each tower, refurbish-
 ment of the individual parts, and

 reassembly of the towers. While the
 primary objective of the restoration
 program is to refurbish and re-use
 original tower components, some
 components require replacement be-
 cause they are severely deteriorated,
 including all bolts, nuts, set screws,
 guy wire adjustment components,
 and all diagonal components. The
 two-piece diagonals with the center
 tension ring are being replaced with
 one-piece diagonals. Components of
 the tower which required replacement
 due to deterioration or inadequate
 strength were replaced with Type
 A304 stainless steel. The original
 tension rings will be re-attached at
 their original location for preserva-
 tion purposes.

 A procedure for tower disassembly
 was developed utilizing an assembly
 of steel blocks and wedges that
 gripped each of the three vertical star
 posts; a series of hydraulic rams
 force the star posts vertically out of
 the connection sockets. The rams

 react against another set of steel
 blocks bearing on the socket shoul-
 ders. When one tower was relocated

 as part of the construction of a new
 convention center in Austin, the proj-
 ect team had the opportunity to test
 the disassembly procedure prior to
 finalization of the restoration plans
 and specifications.

 Selection criteria and methods for

 assessment have also been developed
 for evaluation of the iron star posts
 and connection sockets. The evalua-

 tion program is based on the results
 of the metallographic examination
 and magnetic particle testing of the
 connection sockets. Requirements
 for the star posts also include specific
 tolerances for straightness of the
 members and methods for mechani-

 cal straightening where required.
 Prior to reassembly of the towers,

 individual parts will receive a silver-
 colored protective coating consisting
 of an epoxy primer, an epoxy-
 polyamide intermediate coat, and an
 acrylic polyurethane enamel top coat.
 Tests of this type of coating have in-
 dicated that a service life of twenty
 years can be expected for this type of
 application.

 Finally, the reassembly of the tow-
 ers was designed to be simply a rever-
 sal of the disassembly process. This
 procedure requires shop assembly of
 two-unit segments, field erection of
 the units, and final adjustment of
 the guy wires to achieve the specified
 tower plumbness and guy wire
 tensions.
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 project manager for Wiss, Janney, Elstner
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 analysis phases of the project and as
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November 10, 2016 wweiss@structint.com 
1825B Kramer Ln., Ste. 500 
Austin, Texas 78758 
 
Phone:  512-533-9191 
Fax:   512-873-2281 
Toll-free: 877-474-7693 
www.structint.com 

Gregory J. Casey, PE 
Enertech Resources, LLC 
5920 W. William Cannon, Bldg 1, Ste 102 
Austin, Texas 78749 
 
Via email:  
 
Subject: Material Property Testing of Moonlight Tower Star Member Section  
SI Report: 1601245.401.R0 

Enertech Resources, LLC PO No: 20-74 A 398 
  
 
Dear Mr. Casey: 
 
On October 28, 2016, Structural Integrity Associates, Inc. (SI) received a section of a star 
member from a Moonlight Tower (Figure 1). The material was suspected to be a ductile or 
malleable cast iron. SI was asked to perform materials testing on the sample to determine 
its chemical composition, measure its tensile strength, and evaluate the microstructure to 
determine the material type.  
 
A portion of the star member was submitted for tensile testing and quantitative chemical 
analysis, and the results are provided in Tables 1 and 2. Based on the compositional 
analysis, and particularly the carbon content, the star member is a low carbon steel and not 
a cast iron. The composition is consistent with UNS G10050 or ASTM A29 Grade 1005. The 
material was found to have a tensile strength of about 50 ksi and a yield strength of about 
30 ksi. 
 
A cross-sectional sample from the star member was prepared for evaluation using standard 
laboratory techniques. The prepared sample was examined using a metallurgical microscope 
for evaluation of the microstructure, which is shown in Figure 2. The microstructure 
consisted of perlite, nonmetallic inclusions, and casting voids/flaws in a ferrite matrix. The 
microstructure is consistent with a low carbon steel and is not indicative of a ductile or 
malleable cast iron. The microstructure also showed significant deformation, presumably 
from forming the star shape. It is not clear if the casting voids/flaws present in the material 
indicate the material was originally cast and then formed, or if they are just indicative of the 
quality of the material at the time of manufacture (i.e., the component is not a casting).  
 

mailto:wweiss@structint.com
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Hardness measurements were made on a cross-sectional sample using a Brinell tester with a 
tungsten carbide ball and a 1000 kg load. The measured hardness values ranged from 96.1 
to 107 Brinell (HB) with an average of 101.4 HB. The hardness results were consistent with 
the tensile properties and the observed microstructure.  
 
 
 
Sincerely,    Reviewed by: 

      
Wendy Weiss    Clark McDonald 
Associate    Associate  
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Table 1. Tensile Test Results 

Sample 
Tensile 

Strength 
(ksi) 

0.2% Offset 
Yield 

Strength 
(ksi) 

%Elongation 
in 4D 

%Reduction 
of Area Fracture Location 

1 51.0 31.6 24 33 Outside Middle 50% of 
Gage Length 

2 47.0 29.2 19 25 Middle 50% of Gage 
Length 

 
 
 

Table 2. Compositional Analysis Results (wt.%) 
Element UNS G10050 Star Member 
Carbon 0.06 max 0.04 

Manganese 0.35 max 0.15 
Phosphorus 0.030 max 0.016 

Sulfur 0.050 max 0.032 
Silicon Not Specified 0.228 
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Figure 1.  An approximately six-foot section of a Moonlight Tower Star Member was received for 
materials property testing and microstructural evaluation.  These images show a portion of the 
received section. 
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Figure 2.  These images show the microstructure of the star member, which consists of pearlite, 
nonmetallic inclusions, and casting voids/flaws in a ferrite matrix.  (Etchant: Nital, except for 
the lower right image, which is unetched) 

Slag-filled casting flaw 

Casting voids/flaws 

Nonmetallic inclusions 
(scattered round 
particles) 



2-1/2" STAR POST SECTION 2" STAR POST SECTION 1-1/2" STAR POST SECTION

STAR POST

DETAIL

1

2.50" 2.00"

1.50"

0
.
3

7
"

0
.
2

7
"

0
.
2

2
"

9'-0"

(MAX)

FO
R

IN
FO

RM
ATI

ON

ONLY

MOONLIGHT

TOWERS

STAR POST LENGTH

NOTES:

1. PREFERRED METHOD OF PRODUCTION IS GREEN SAND CASTING.

ALTERNATIVE METHODS SUCH AS EXTRUSION OR MILLING MAY BE

CONSIDERED.

2. LOW CARBON STEEL MATERIAL SHALL BE ASTM A29 GRADE 1005 / UNS

G10050, MINIMUM YIELD STRENGTH OF 30 KSI AND TENSILE

STRENGTHS OF 50 KSI. MILLED OR EXTRUDED MATERIALS SHALL BE

A572-50 STEEL.

3. REFERENCE ATTACHED SPECIFICATIONS FOR REQUIREMENTS ON

STRAIGHTNESS, DEFECTS, ETC.

(REF. SECTION 05542 PARTS 3.02, 3.04, 3.05, 3.06)









No. Contact Website Date of Contact Notes

1 Reliance Foundry https://www.reliance-foundry.com/castings/sand-casting 1/3/2019
Vendor opted to no-bid this project, stating the RFQ was for products 
outside their specialty. 

2 Samco Sales samcosales.com 1/3/2019
Spoke with vendor over the phone and emailed the specifications.  
No response received.

3 Waupaca Foundry
https://www.waupacafoundry.com/en/iron-castings/quality

1/3/2019
Vendor replied that they were not a good fit for the scope of this 
project.

4 Sawbrook Steel Casting Co
http://www.sawbrooksteel.com/green-sand-casting

1/3/2019

Spoke with Al Kinnard; parts are too big for green sand, but emailed 
specs to look into alternative casting options. Project was no bid, 
can't keep straightness specifications.

5 A and B Foundry http://www.aandbfoundry.com/ 1/3/2019 Vendor does not work with steel.

6 Leitelt Bros Inc https://www.lbfoundry.com/green-sand-molding-casting.html 1/3/2019 Vendors does not work with steel.

7 Patriot Foundry and Castings https://www.patriotfoundry.com/services/sand-casting/ 1/3/2019 Vendor does not work with steel.
8 Century Foundry https://centuryfoundry.com/capabilities/green-sand/ 1/3/2019 Vendor does not work with steel or castings of this size.
9 Plymouth Foundry http://www.plymouthfoundry.com/contact.html 1/3/2019 Vendor indicated 20" max for castings.

10 Bremer Manufacturing
https://www.bremermfg.com/custom-aluminum-casting/green-
sand-molding/ 1/3/2019 Vendor does not work with steel.

11 Willman Industries https://willmanind.com/green-sand-foundry/ 1/3/2019 Vendor does not work with steel.
12 5 Star Fabricators 8/6/2014 Vendor does not do any casting.

13 O K Foundry https://www.okfoundry.com 1/3/2019
Emailed spec sheet reference and production run estimates. No 
response received.

14 Pacific Steel Casting No Longer In Business 1/3/2019
Followup from original solicitation - Vendor filed for bankruptcy; 
closed foundry 2018

15 Clarksville Foundry
https://www.clarksvillefoundry.com

1/3/2019

Vendor is no-bidding based on size and materials (no steel, only 
iron). Vendor commented that materials size is difficult to keep 
straight.

16 General Foundry Service https://www.genfoundry.com 1/3/2019 Vendor indicated max dimensions of 64" x 64"
17 Fisher Cast Steel fishercaststeel.com 1/11/2019 Vendor no-bid the project stating that they were not a good fit.
18 AeroMetals Aerometals.com 1/11/2019 Requested quote via website 1/11. No Response received.

19 Pure Castings Co purecastingsco.com 1/11/2019 Vendor indicated that this project was not a good fit for their facilities.

20
Stainless Foundry & 
Engineering stainlessfoundry.com 1/11/2019

Vendor no-bid this project stating that it was not their typical size or 
scope.

21
Southwest Steel Casting 
Company swscc.om 1/11/2019

Vendor no-bid the project stating that they could not maintain 
straightness; parts are too narrow for their length.

Fabricator Contact Log
MPM0401 Inspection, Repair, & Restoration of Moonlight Towers
Star Post Fabrication
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