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Background and Project Description 

  
Background The Smithsonian National Museum of the American Indian’s Cultural 

Resources Center (CRC) is home to the extensive collections and research 
programs of the museum.  Completed in 1998 and opened in 1999, the 
CRC, located just outside of Washington D.C., in Suitland, Maryland, 
provides state-of-the-art resources and facilities for the proper 
conservation, protection, handling, cataloging, research, and study of the 
museum’s collections, library holdings, and photo and paper archives.  The 
CRC also serves as a hub for the museum’s community services, 
educational outreach, technology and Web development, and information 
resources, and as a production center for the museum’s public facilities on 
the Mall and in New York City. 
 
The unique design of the CRC was conceived and executed with the direct 
involvement of Native communities.  The architectural program, The Way 
of the People, was developed by a team of consultants lead by Venturi, 
Scott Brown and Associates.  The architectural design was developed by 
the Polshek Partnership of New York, Tobey + Davis of Virginia, and the 
Native American Design Collaborative, a consortium of Native design 
professionals and cultural consultants.  NMAI’s CRC won a Year 2000 
Construction Award from Buildings Magazine in the category of New 
Public/Government Construction.  The CRC also received a 2000 Award of 
Excellence in Commercial Architecture from the Northern Virginia 
Chapter of the American Institute of Architects (AIA). 
 
The CRC roof has two basic forms: 

 Spiral (nautilus shell shaped) with an outer ring of flat seamed lead 
coated copper pans soldered together (so called “upper headdress” 
roof)  and an inner ring of modified bitumen sheeting (so called 
“lower headdress” roof) and; 

 Flat roof in an IRMA configuration composed of an EPDM 
membrane, polystyrene insulation, and protection board ballasted 
with stone. 

 
Water infiltration was first observed in 2003, primarily in the Collections 
Storage Area under the spiral roof.  A subsequent investigation and report, 
titled “Roof Leak Investigation, Cultural Resources Center, National 
Museum of the American Indian” and dated April 11, 2005, recommended 
removal and replacement of the copper roof.  In 2008, repairs were 
completed on 50% of the copper roof.  However, an OFMR CRC Facility 
Roof Report, dated October 18, 2010, lists the copper roof’s condition 
index as urgent, leaks still occur, and roof in need of repair. 
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Project Description The purpose of this study is: 
 to determine the cause and recommend solutions to water 

infiltration; 
 to identify building systems damaged by water infiltration and make 

recommendations for their repair; 
 to evaluate the roof activities and provide recommendation(s) for an 

appropriate fall/protection system; and 
 to evaluate the impact, if any, on the existing lightning preventing 

system and provide any recommendations. 
 

Note Credit is given to the original authors – the above content pertaining to 
Background and Project Description is an excerpt from the A/E Scope of 
Work, prepared January 24th, 2011 and revised February 3, 2011. 
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Executive Summary 

General As the project title states, repairing the roof and improving the safety of roof access 
are the primary focus, but this report also includes analysis of the CRC’s lightning 
protection systems, structural system, selected interior conditions, and cost – as each 
topic relates to the nature of the primary objectives.  Further to this purpose, the 
report: 

 revalidates and updates prior assessments of the CRC’s roofing systems; 
 studies various safety hazards pertaining to roof access; 
 records and verifies existing conditions; 
 provides analysis of these conditions; and  
 puts forth recommendations for remediating and/or improving the reported 

conditions. 
 

Roof Repairs Upper Headdress - The poor condition of the original flat-seam copper roof is 
validated with renewed recommendations to replace it .  Prior replacement of about 
11,000 SF of this roof did not address deficiencies in the substrate, but the relatively 
good condition of these sections doesn’t compel any action in the near term other than 
continued monitoring. 
 
Lower Headdress – Rapidly progressing deterioration is noted in the Modified 
Bitumen Roofing (MBR) that covers these areas with wide expanses of roof prone to 
failure as a result of insufficiently supported joints in the plywood substrate.  Strong 
recommendation is made to replace these areas of roof including improvement to the 
wood substrate with options of “good, better, & best”.  Best case is to replace with 
flat-seam copper, same as the upper headdress, as the original design intended .  A less 
costly recommendation is to replace with a fluid-applied resinous system ], or it can 
be replaced in like kind with a new MBR system . 
 
Other Areas –  

 The Inverted Roof Membrane Assembly (IRMA) system at the lower roof 
levels is aging with some moisture trapped beneath, but with no active leaks 
reported; recommendation is to monitor and to budget for replacement in 10 
years. 

 The previously remediated gutter/well areas are in good condition and 
performing well; care should be taken to protect them when surrounding roof 
areas are replaced. 

 Recommendation is also made to replace all of the building’s exterior sealant 
joints . 

 
Structural 
Considerations 

A preliminary evaluation was performed to assess the adequacy of existing structural 
framing to support loads from new fall protection systems recommended below. 
Conclusion is that installation of the proposed fall protection system is achievable, but 
is reliant upon careful coordination during design for ideal placement (structurally) of 
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stanchions and supports.  Supplementary beams, stiffeners, and bracing members may 
be required to adequately transfer system loads into the building’s structure . 
 

Fall 
Protection 
and 
Roof Access 

Upper Headdress (Section A) – Fall hazards identified along the entire upper edge and 
at the side edges near structural rib/grid lines R16 and R7.  Recommendation is to 
provide an active system including a horizontal lifeline located along the spiral “60% 
Line” at the bottom edge of the upper headdress and a series of discreet “redirect” 
stanchions along rib/grid lines R16.2 and R6.8. 
 
Lower Headdress (Section B) – Fall hazards identified at the northern edge along 
rib/grid line R16, and along the circular eastern edge adjacent to the drainage 
wells/gutters.  Recommendation is to provide a passive system of metal rails and 
guards given the reduced visibility of these locations from the surrounding site. 
 
Other Areas –  

 Fall hazard exists at the north edge of the entrance lobby roof (Section C) that 
overlooks the terrace. Recommendation is to provide an active system 
requiring use of harness and lanyard connected to a rigid rail located near the 
central skylight. 

 The existing crossover stairs (Section C), despite the level of access 
improvement they offer, are substandard. Most deficiencies can be remedied 
by modifying the existing work; complete compliance with current standards 
will require their replacement. 

 The roof hatch presents a fall hazard when left open and recommendation is to 
protect this area with a surrounding guardrail and gate. 

 Fall hazard exists on all 4 sides of the roof above the overrun of the service 
elevator (Section J) and no permanent means of access to this roof exists.  
Recommendation is to provide a guardrail to address the fall hazard and a 
permanent ladder on the north wall to provide convenient access. 

 Anticipated cost of the above: . 
 
 

Lightning 
Protection 

The existing lightning protection systems were studied in order to evaluate their 
condition, effectiveness, and the extent to which they might be impacted by the roof 
repair and safety improvements recommended elsewhere in this report.  A primary 
and a secondary system exist and their condition is below average.  Furthermore, the 
systems do not provide adequate protection for a building of this size and type, even if 
they were in perfect condition.  Recommendation is to replace these systems with a 
new, comprehensive lighting protection system with air terminals in order to meet 
current standards and all roof top mounted equipment with metal enclosures should be 
fully bonded to the new system . 
 

Interiors The final element of the scope was to review interior locations where past and/or 
current water intrusion has been discovered and to determine whether or not any fire-
rated separations have been compromised. Given the close proximity of leak evidence 
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to fire-rated walls in the Conservation Suite, observations suggest damage to these 
separation walls is likely. Recommendation is to cut, patch, & repair these locations in 
order to restore and/or reestablish the performance rating of these separations.  A 
further recommendation is that all stains, blemishes, and damages to non-critical 
architectural systems be repaired as well, in order to distinguish any 
current/new/future leaks from past incidents whose sources have since been remedied 
 
Also, the findings of this report (User testimony combined with the team’s direct 
observation) revalidate the theory postulated in the 2005 “Roof Leak Investigation” 
that condensation resulting from multiple instances of improperly executed duct 
penetrations through the roof above the Conservation spaces is the culprit of chronic 
seasonal leak occurrences.  This report endorses the previous recommendation to 
rework these penetrations 
 
Lastly, other architectural interventions can be explored in the Collections Storage 
spaces to better safeguard the artifacts and minimize risk to the collections.  Examples 
include: 

 Permanent non-combustible (metal) hoods located over exposed artifacts such 
as totems and canoes, and 

 A panelized system of staggered ceiling “shingles” that could intercept, shed, 
and contain water deposits in a controlled manner. 
 

  
Note Per discussion with NMAI officials on August 15th, 2011, it was confirmed that the SI 

does not believe there is a need to pursue the above recommendations for interior 
interventions.  Successful remediation of the roofing failures is the primary need. 
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Cost Estimate The following is a summary of the range costs for the above recommendations depending upon 
the options.  
 
 
 Minimum Range of Cost Maximum Range of Cost 
Roof Repairs  

Upper Headdress $1,650,000 $1,825,000 
Lower Headdress $500,000 $1,600,000 
Exterior Sealant 
Joints 

$15,000 $150,000 

Fall Protection & Roof Access 
Upper Headdress $75,000 
Lower Headdress $50,000 
Other Areas $50,000 

Lightning 
Protection 

$30,000  $40,000 

Interior Repairs $20,000 $145,000 
TOTAL $2,215,000 $3,935,000 

 
A detailed cost estimate is included in Appendix C 

  
 
The final scope of work for the roof replacement and fall arrest project shall identify the various 
decisions with regard to type of roof for the Lower Headdress, extent of exterior sealant joints to 
replace, extent of fall protection and roof access, inclusion of a lightning protections system and the 
extent of interior repairs to be accomplished. 
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Analysis 

 Codes & Standards 

 
General The analysis, conclusions, and recommendations in this report are based on 

reference to the most current versions of the International Code Council 
(ICC) Model Codes, the codes and standards of the National Fire 
Protection Association (NFPA), and the Occupational Safety and Health 
Administration (OSHA). 
 
For a complete listing of applicable Codes, Standards, and Guidelines, see 
Appendix A. 
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 Roof Repairs 

Summary The roofing assemblies at the upper and lower headdress of the CRC are a complex design of 
several decking layers and venting spaces on which either the flat-seam copper or the MBR 
membrane is attached.  In the event that moisture intrudes the roofing membrane it is capable 
of traveling along any of the layers of the system prior to exhibiting itself as a leak within the 
building.  It is this complexity that has contributed to the roof’s failure.  Support of the upper 
layer of plywood is not provided sufficiently to prevent differential movement at the board 
edges. 
 
As the roofing substrate flexes at the plywood edges, strains are imparted onto the roofing 
membranes which have caused them to prematurely fail.  Ridges exhibited in the MBR 
roofing during the winter, as reported by the Smithsonian and CRC maintenance staff, 
manifest as wear lines and weak points in the membrane where the membrane has been 
continually bent and flexed. 
 
To address the problems at the lower headdress MBR roof Hoffmann Architects recommends 
the removal of the existing roofing membrane and flashings down to the roofing substrate; 
fully attaching an additional layer of ¾-inch plywood over the existing roof substrate 
(ensuring that all board seams are off-set from the underlying layer, and installing a new 
reinforced fluid-applied membrane roofing membrane complete with appropriate flashings 
and terminations.  Options for installing a copper roof similar to the upper headdress, and 
along the original design intent, or reinstalling a new MBR roof similar to the existing. 
 
The assembly of the upper headdress copper roof is very similar to the lower, except that a 
flat-seam copper membrane is in place of the MBR.  The copper pans however are much 
stronger than the MBR membrane and therefore does not exhibit as much damage or in the 
linear pattern as the MBR.  What is noted are the cracked soldered seams between the 
numerous copper pans.  Remediation of the copper roofing would again be similar to that of 
the MBR roofing; removal down to the plywood roofing substrate, installation of an 
additional layer of plywood and then installation of a new flat-seam copper pan roofing.  In 
addition to the replacement of the copper roofing, we further recommend the alteration of the 
roofing design to eliminate the built-in gutters between the headdress sections and installing 
a vertical expansion joints.  The existing EPDM lining in the gutters is badly deteriorated and 
admitting water into the building. 
 
In the past several years, several sections of the upper headdress have been replaced with 
new copper roofing.  Reinforcing the plywood substrate was not part of the work and is 
therefore prone to premature failure.  This roofing should be continually monitored and 
repairs to the copper be performed as necessary.  Replacement should not be necessary until 
the roofing is over 10-years old. 
 
The flat inverted membrane roofs do have moisture beneath the roofing membrane but no 
leaks are reported.  Replacement of these roofs is not necessary, but should be budgeted for 
within the next 5 to 10-years. 
 
Deteriorated sealant joints and open metalwork joints at the concrete parapets and the roofing 
edges will also contribute to moisture intrusion.  Open metalwork joints require repairs as 
part of the aforementioned reroofing. 
 
Sealant joints at the parapets should be cut out and replaced to inhibit water from getting into 
the façade system, the roofing and the building. 
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 Introduction 

Architect Retained Hoffmann Architects performed a roof survey to investigate the persistent leaks at the
National Museum of the American Indian, Cultural Resources Center (CRC) and submitted a 
report dated 11 April 2005 which recommended a program of repairs and roof replacement.
In the interim, the Smithsonian Institution has had several roofing repairs performed and has
replaced the copper roofing at the three northern most sections of the upper headdress. 

 In October 2010 the Smithsonian’s OFMR CRC Facility Roof Report listed the copper roof’s
condition as “Urgent”; in need of repair.  The CRC is still experiencing roofing problems and
leaks; and, the Smithsonian Institution has planned for a roof replacement project.  The
project is also to include a fall protection system for the maintenance personnel who need to
access the roof. 

 As the roofing consultant for the URS/Hartman-Cox Joint Venture IDIQ projects, Hoffmann 
Architects has proposed and been appointed to perform roof investigations to validate the
recommendations of their 2005 report and the Smithsonian’s OFMR CRC Facility Roof
Report.  Recommendations from this report will provide guidance for the reroofing project. 

General The Cultural Resources Center (CRC) was constructed in 1998 as a support facility for the
Smithsonian Institution’s National Museum of the American Indian and used for research,
cataloguing, and storage of artifacts.  It is located at 4220 Silver Hill Road in Suitland, 
Maryland.  The building, designed by Polchek, Metcalf, Tobey and Partners in collaboration
with The Native American Design Collaborative, incorporates symbolic forms reflecting the
spiritual relationship of Native Americans to the Environment.  The 2 sections of the nautilus
shaped “headdress” (upper portion of the roof) are covered with flat seam, copper and
Modified Bitumen Roofing (MBR).  The flat lower portions of the roof (center of the
nautilus, northeast and southwest) are covered with an inverted membrane hot-liquid applied 
roofing assembly. 

Methods of  
Investigation 
 

On 22 & 23 June 2011, Mr. Kadlubowski was accompanied by representatives of James
Myers Roofing Co., Inc. who performed roof openings at 12 locations.  Three openings were 
made through the copper roofing at the upper headdress; six openings were made through the
MBR roofing of the lower headdress; and three openings were performed at the inverted
membrane roofing in the center of the nautilus and northeast and southwest flat roofs. 
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 Observations 

General The roofs of the CRC are of four distinct roofing types; Flat-seam copper, MBR, EPDM and 
Fluid-applied rubberized asphalt.  The roofs are also of differing and distinctive shapes and
assembly.  The uppermost and central portion of the roof, the headdress, is nautilus shell
shaped that spirals from a central skylight.  The EPDM “gutters” are very large and conduct
rainwater, cascading from the nautilus to the drains.  And the center of the nautilus, around
the skylight, is a fluid-applied roof.  Two lower flat roofs sit at the northeast and southwest of 
the nautilus. 

 The flat seam copper roofing, covering the upper portion of the headdress, has 21 wedge-
shaped that areas are separated by 2x2 battens and then 9x9 EPDM-lined gutters at every 
third section.   Within the last several years, the Smithsonian has replaced the copper roofing 
at the 6 northern-most wedges.  They also converted the adjacent smaller gutters into vertical
curbs to maintain the symmetry of the roof while eliminating the problematic gutter leaks. 

 

Photo 1: The upper headdress copper roof as seen from the north parapet. 

 The original roofing assembly consists of the copper pans over rosin paper, asphalt felt, ¾-
inch plywood, 1-1/2-inch vent space (provided by nominal 2x sleepers), 2-inches extruded 
polystyrene insulation, ¾-inch plywood, 2-inches extruded polystyrene insulation, Ice & 
Watershield vapor barrier, ½-inch gypsum board and the steel roof deck.  The entire
assembly is fastened to the steel decking with roofing deck screws. 

 The area of the upper headdress, that was replaced, has the same general makeup; although
the uppermost layer of plywood is covered with a layer of self-adhering rubberized asphalt 
waterproofing applied prior to the rosin paper and the copper pans. 

 The lower portion of the headdress has the same general roofing assembly as described
above (plywood, vent space and insulation, etc.), however a nailed base sheet and a 2-ply 
MBR roofing membrane is attached to the plywood to complete the assembly.  This area is 
divided into 7 wedges that are separated by approximately 4-foot high knee walls.  The walls 
are of metal stud construction similar to the outermost parapet walls. 
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 There is a 4-foot height difference between the upper and lower headdress portions.  The
stand-up walls are of metal stud construction and flashed with MBR base flashings and
covered with lead-coated copper sheets.  The eaves of the upper and lower headdress are 
vented to provide circulation to the vent space in the roofing assembly.  The undersides of
the metal copings at the knee walls are also vented.   

 Fully adhered EPDM roofing covers the large “gutter” area behind the skylights of the
nautilus center and below the headdress.  Recently portions of the “gutter” were coated with
a reinforced liquid membrane waterproofing to alleviate previous problems encountered in
this area. 

 Fluid-applied rubberized asphalt, in an inverted membrane assembly (IRMA) covers the 
lower utilitarian roofs of the building at the southwest and northeast corners and the center of
the nautilus around the central skylight.  On the southwest and northeast, roofs, the building’s
mechanical equipment is mounted on concrete pads and air handling ducts penetrate the roof 
deck.  The rubberized-asphalt membrane is applied to the concrete roof deck, over which 4-
nches of extruded polystyrene insulation board and stone ballast completes the assembly.   

Copper Roofing,  
Recently Replaced 

Due to recurring leaks within the collections storage area, the six northernmost wedges of the
copper, upper headdress roof were replaced in 2008 through the direction of the Smithsonian
Institution.  The existing copper roof, felt and rosin paper underlayment was removed to 
expose the ¾-inch upper layer of plywood.  A self-adhering rubberized asphalt sheet 
waterproofing membrane was applied to the plywood prior to the installation of a new rosin
sheet and the new copper pan roofing. 

 

Photo 2:  The original copper being removed in 2008. 
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Photo 3:  The new copper roof being installed in 2008.  Note Ice & Water Shield and rosin paper
underlayment. 

 The small EPDM gutters, between the wedges were also a source of infiltration; primarily 
due to membrane seam failures.  As part of the repair/replacement, the gutters were
abandoned and covered with a curb.  The curb provided the general linear appearance of the
original gutter while maintaining the flow of drainage water on top of the copper roofing, 
down to the bottom edge of the roof.  The recessed gutters no longer “see” water or pose
further problems.  The lower end of the curb was left open so that the gutter would act as a
tell-tail drain if water infiltrates the curb base. 
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Photo 4:  The original EPDM gutters held water and leaked. 

 

Photo 5:  The original EPDM gutters were abandoned during the 2008 replacement.  Curbs were installed
over the gutters.  Note seams in the curb are split and repaired with sealant. 
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Photo 6:  The bottom end of the curb was left open to act as a tell-tail drain. 

 

Photo 7:  Some soldered seams in the newer copper roofing are cracked. 
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Photo 8 Cracked seams in the newer copper panning..   

 In several areas, defetcts were noted where it appears that the copper roofing was damaged
after installation.  Several holes (patched) were noted and one was found to be open.  On the
wedge near the north end, a scar diagonally traverses the roof as if something heavy was 
dragged across the metal work.  

 

Photo 9:  Defects in the copper have been repaired. 
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Photo 10:  A scar in the copper appears to be a drag mark. 

 At many locations on the new copper, there are areas of heavier patina as if the acid flux was
not fully neutralized and washed away.  In one particular area the patina is extensive and not
expected for a roof of this early age. 
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Photo 11.  Areas of patina on the newer copper. 

 

Photo 12:  The patina is heavier in some areas of the newer copper. 
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 Typically the roofing deck appeared to be relatively flat and solid underfoot, several areas of
flexing were noted, and at the top edge of one wedge it appears that the substrate is out of 
plane from the adjacent decking and heaved up slightly. 

 

Photo 13.  An apparent defect in the underlayment at the ridge of the roof. 

 In addition to the cracked seams in the flat-seam roofing, other splits and open seams were 
noted, primarily at the roofing’s edge metalwork.   
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Photo 14:  A split in the newer copper edge metal. 

 

Photo 15:  Cracked soldered seam in the newer edge metal. 
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 Roof opening C-1 was made at a location in the recently installed copper roof where there is
an existing hole in the copper pan.  As the opening was made, the rosin paper and
waterproofing membrane directly under the hole was wet. 

 

Photo 16: The location of Opening C-1.  Note hole in copper pan. 

 

Photo 17:  The underside of the copper and the rosin paper is wet at opening C-1. 
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 The entire roofing assembly at Opening C-1 consisted of: the copper pans, rosin paper, 
rubberized asphalt waterproofing, ¾-inch plywood, 1-1/2-inch vent space (provided by 
nominal 2x sleepers), 2-inches extruded polystyrene insulation, ¾-inch plywood, 2-inches 
extruded polystyrene insulation, rubberized asphalt waterproofing vapor barrier, ½-inch 
gypsum board and the steel roof deck  Only the underside of the copper, the rosin paper and
the top of the waterproofing was wet.  The deck fasteners (screws have corrosion where they 
penetrate the steel deck. 

 

Photo 18:  Opening C-1. 

Copper Roofing,  
Original 

The original copper roofing of the upper headdress is covered with patina as would be typical
for a copper roof of this age.  However, several areas have greater amounts of patina as 
would result from contamination by an applied material (such as exhibited when acid flux is
spilled on copper and not fully neutralized or cleaned). The flat-lock soldered seams are 
cracked in many locations.   

 Similar to that noted at the replaced roof, the entire roofing assembly is comprised of: the
copper pans, rosin paper,  asphaltic base-sheet, ¾-inch plywood, 1-1/2-inch vent space 
(provided by nominal 2x sleepers), 2-inches extruded polystyrene insulation, ¾-inch 
plywood, 2-inches extruded polystyrene insulation, rubberized asphalt waterproofing vapor
barrier, ½-inch gypsum board and the steel roof deck 
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Photo 19:  Areas of heavy patina and cracked seams occur on the original copper roof. 

 

Photo 20:  Very heavy patina occurs on the original copper roof in some areas. 
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 Also in many areas near the soldered seams, the patina is gone and bright copper is visible as
if it has been cleaned away.  This occurs primarily where lead-coated copper edge metal is 
soldered to the exposed copper pans. 

 

Photo 21:  At many seams the patina is no longer present. 

 

Photo 22.  At many seams the patina is no longer present. 
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 Throughout the existing roof, the seams in the various copper trim work are open.  In several
locations the soldered seams have debonded from the copper substrate and in other locations
the open seams are repaired with sealant. 

 

Photo 23:  Soldered joints at trim pieces are no longer bonded to the copper substrate. 

 

Photo 24:  Open seams in the copper roofing are repaired with sealant. 
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 In the areas where the EPDM-lined gutters still exist, the seams in the membrane are open, 
membrane splices are blistered and the membrane is no longer fully adhered to the substrate,

 

Photo 25:  The EPDM lining in the small gutters is deteriorated and leaking. 

 Roof opening C-2 was made in the original copper roofing near one of the EPDM gutters,
also near the bottom edge of the roof.  As the opening was made, the underside of the copper,
the rosin paper, the asphaltic base sheet and the top surface of the plywood was wet.   

 

Photo 26:  The location of Opening C-2.  The rosin paper and base sheet are wet. 
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 At Opening C-2, only the underside of the copper, the rosin paper and the top of the
waterproofing was wet.  The deck fasteners (screws have corrosion where they penetrate the 
steel deck. 

 

Photo 27:  Opening C-2 viewing the entire roofing assembly down to the steel deck. 

 Roof opening C-3 was made in the original copper roofing at about mid-span, near a roofing 
batten.  Although the upper layers of material were water stained, no moisture was noted at
the opening. 

 

Photo 28:  Opening C-3. 
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Miscellaneous Sheet 
Metal 

Lead-coated copper sheet metal is formed for all of the trim work on the roof, including the
metal panels and copings of the parapet and divider (knee) walls.  In most locations, the
seams are cracked, broken, and open or repaired with sealant.  Besides occurring in the long 
runs of the metalwork, the seams occur where the various transitions between differing
shapes occur.  

 

Photo 29.  Open seams in the coping of the parapet wall. 

 

Photo 30.  Open seams of the miscellaneous metalwork. 
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 At the transition between the upper and lower headdress roofs, the lower roof knee wall stops
short of the standup wall.  This was originally to allow the small gutters in the copper roof to
drain.  To maintain the visual line between the upper and lower knee walls, a flase coping
was installed to bridge the gap between lower knee wall and upper headress.  These copings
have been continually used as a step to climb onto the upper headress.  Most of them are bent
and several are no longer connected.  In addition, when the upper headress gutters were
modified the false copings were disconnected and left hanging. 

 

Photo 31:  The false coping is no longer attached to the standup wall. 
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MBR Roofing The lower portion of the headdress is covered with Modified Bitumen Roofing (MBR) and is
divided into 7 wedges that are separated by metal clad knee walls.  The MBR membrane is
terminated under counterflashings at the bases of the walls.  The top edge of the roof is 
terminated under counterflashings that are attached to the standup wall, which provides the
height differential between the copper and MBR roof areas.  The bottom edge of the MBR
roofing is terminated with a gravel stop that overflows to the large gutter area near the center 
of the nautilus.   

 

Photo 32:  An overall view of the lower headdress MBR roofing as seen from the south.  The standup wall
separates the MBR and copper roof areas. 

 The roofing assembly under the MBR membrane is the same as it is under the copper roof:
¾-inch plywood, 1-1/2-inch vent space (provided by nominal 2x sleepers), 2-inches extruded 
polystyrene insulation, ¾-inch plywood, 2-inches extruded polystyrene insulation, rubberized 
asphalt waterproofing vapor barrier, ½-inch gypsum board and the steel roof deck.   

 The surface of the MBR is worn, cracking, covered with small repairs and the underlying
membrane and plywood seams are telegraphing through the surface.  While walking across
the roof, it is not uncommon to feel flexing of the plywood substrate, especially at the joints
between the boards. 
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Photo 33:   The lower headdress MRB roofing is heavily worn. 

 

Photo 34:  Ridges are seen in the roofing membrane at the joints in the underlying plywood. 
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Photo 35:  Some repairs have been made in the MBR roofing.  Also note the cracking of the cap sheet. 

 Six roof openings were made in the MBR roofing to verify existing conditions.  Opening 
MBR-1 was performed in the field of the northernmost wedge.   At this location, Dens Deck
(high density gypsum board) was found under the roofing membrane and attached to the
upper layer of plywood.  All of the roofing materials were dry and no water staining was 
noted. 

 

Photo 36: Opening MBR-1.  Dens Deck occurs under the membrane in this location. 
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 Opening MBR-2 was made near the top 1/3 of the north knee wall of the 3rd wedge from the 
north at a ridge in the membrane.  The ridge coincided with the joint in the plywood below,
which is unsupported throughout much of its length. 

 

Photo 37:  Opening MBR-2 was made at a ridge in the roofing membrane. 

 The plywood has rust stains where the roofing screws penetrated and the screws were badly
rusted.  No other water staining or moisture was noted. 
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Photo 38:  Rusted fasteners were noted at opening MBR-2. 

 

Photo 39. The ridge in the MBR membrane occurs at a joint in the underlying plywood.  
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 Opening was performed MBR-3 near the bottom 1/3 of the south knee wall of the same 
wedge (3rd from north).  All roofing materials were dry and no water staining was noted. 
 
 

 

Photo 40:  Opening MBR-3. 

 
 

 Opening MBR-4 was performed at the top 1/3 of the south knee wall of the northernmost
wedge.  The opening included the base flashings and cant.  Also at this location, Dens Deck 
was found under the roofing membrane and attached to the upper layer of plywood.  When
the Dens Deck and plywood was removed, a great amount of debris was found on the
insulation board; dirt, leaves and condiment packets.  Water staining was noted on the 
roofing materials and the plywood was dry-rotted but no moisture was noted. 
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Photo 41:  Opening MBR-4 had debris under the plywood roofing substrate. 

 

Photo 42:  Opening MBR-4.  The plywood was dry rotted. 
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 Opening MBR-5 was performed near the bottom edge of wedge 4 from the north.  No
moisture or dry rot was noted, however the insulation was covered with dirt and dust and
some water staining was noted.  The screw fasteners attaching the lower layer of plywood 
and insulation to the steel deck were badly rusted.  The lower portion of the thread on these
screws was completely deteriorated. 

 

Photo 43:  Opening MBR-5. 

 

Photo 44:  The screw fasteners are badly rusted at Opening MBR5. 
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 As at Opening MBR-2, the joint in the plywood sheets was visible, open and a ridge occurs
in the roofing membrane. 
 
 

 

Photo 45. :  Unsupported joints in the plywood create ridges in the MBR membrane 

 
 

 Opening MBR-6 was performed at wedge 2 from the north, near the standup wall to the
copper roof.  At this area, it appears that a previous repair has been made and extra plies of
membrane were found.  The base sheet was not well nailed or adhered to the plywood and 
the roofing membrane was removed easily.  No moisture or dry rotting was noted but water
stains covered the insulation and the lower layer of plywood. 
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Photo 46.  The location of Opening MBR-6.  It appears that the roof was repaired in this area. 

 

Photo 47:  Opening MBR-6. 
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Rubberized Asphalt, 
IRMA Roofing 

The rubberized, ballasted, IRMA roofing occurs at 3 separate areas of the CRC; the center of
the nautilus, the northeast corner of the building and along the south and west sides of the 
building.  The roofing system is comprised of the structural concrete deck, the rubberized
asphalt membrane, 2 layers of 2-inch extruded polystyrene insulation, filter fabric and river 
washed stone ballast. 

 

Photo 48:  An overall view of the center of the nautilus as seen from the upper headdress.  The ballasted
IRMA roofing surrounds the central skylight. 

 Opening IRMA-1 was performed near the base flashings of the central skylight.  On the first 
day of the openings, the top surface of the membrane was wet, as could be expected for this
assembly; it was allowed to dry out overnight.  When the rubberized asphalt membrane was
cut to expose the concrete deck, moisture was noted between the membrane and the concrete.

 

Photo 49:  Opening IRMA-1 revealed moisture under the rubberized asphalt membrane. 
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Photo 50:  An overall view of the southwest IRMA roof as seen from the east. 

 
 

 Opening IRMA-2 was performed near the base flashings of the northeast roof, southeast
corner.  Again the top surface of the membrane was wet and allowed to dry out overnight.
When the rubberized asphalt membrane was cut to expose the concrete deck, moisture was 
noted between the membrane and the concrete 
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Photo 51:  The location of Opening IRMA-2 at the northeast roof. 

 

Photo 52:  Opening IRMA-2 revealed moisture under the rubberized asphalt membrane. 
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 Opening IRMA-3 was performed in the field of the southwest roof towards the west parapet
wall.  This opening was also made at a high point of the roof deck.  After allowing the top
surface of the membrane to dry out overnight, the rubberized asphalt membrane was cut to 
expose the concrete deck.  Moisture was noted between the membrane and the concrete 

 

Photo 53:  Opening IRMA-3 revealed moisture under the rubberized asphalt membrane. 

 This roof area is utilized for the utilitarian mechanical equipment of the building.  Concrete
equipment support pads are covered with granulated roofing cap sheet flashings and
equipment curbs bear on the flashing membrane.  Duct penetrations are through roofing box
curbs and are equipped with hoods.  The seams in the hoods are stripped in with EPDM
flashing tape to seal the joints.  These joints were the sources of minor leaks in 2005. 
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Photo 54:  A typical equipment support on the southwest roof. 

 

Photo 55:  The seams of the duct penetrations are sealed as recommended in 2005. 
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 Several cooling units along the west end of the roof have curbs that are collecting water and
not allowing it to drain to the roof. 

 

Photo 56:  The metal support curb is holding water beneath this cooling unit. 

 Also on the southwest roof, vegetation is growing within the roof drains.  The constant
presence of water in the IRMA configuration allows plants to grow. 

 

Photo 57:  Plants are growing within the drain dome due to the constant water source. 
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EPDM Roofing at 
Gutter Area 

The large EPDM lined gutter lies behind the perimeter skylight at the center of the nautilus.
Because of persistent leaks, the Smithsonian has recently coated the EPDM with a reinforced
liquid-applied waterproofing membrane.  No defects were noted in the EPDM gutter areas. 

 

Photo 58:  Small catwalks span the large gutter area behind the perimeter skylight. 

 

Photo 59:  The EPDM gutter is covered with a liquid applied waterproofing membrane. 
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Building Facades & 
Parapets 

Although not within the scope of this project, the sealant joints between the concrete panels
at the parapet walls were noted to be deteriorated and cracking.  Moisture can enter the wall
system and building through these openings. 

 

Photo 60:  The sealant joints at the concrete panels are cracked and split. 
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 Evaluations 

Headdress, Copper & 
MBR 

The copper and MBR roof on the headdress of the CRC are in poor condition
and have been a constant source of leaks.  Open seams abound in the copper
and worn and cracking is typical in the MBR membrane, although the roof 
appears to be well maintained.. 

 The roofing system at the headdress of the CRC is a rather complicated
assembly that incorporates a 1 ½-inch venting space between the roofing 
substrate and the insulated roof decking.  This multi-layered design also 
allows several planes for water to flow across if it intrudes through the
roofing membranes.  As observed in previous investigations, water was
observed flowing across the lower layer of plywood, the vapor barrier and
within the flutes of the steel decking. 

 To provide for the venting space in the roofing assembly, 2x4 sleepers are
installed on the upper layer of insulation and fastened to the steel roof
decking.  The upper layer of plywood (roofing substrate) is then attached to
the sleepers.  The sleepers are detailed in the construction documents to be
continuous from the bottom to top edges of the roofs.  The limited openings
could not confirm if the sleepers are continuous however, the openings did
confirm that not all of the plywood joints are supported.  Although not called 
out in the details to be tongue and grooved edges, the roofing substrate
observed has tongue and grooved edges.  This however does not eliminated
movement between the plywood joints as we have seen.  As one walks across
the roof the plywood substrate provides more spring than expected, especially
on the MBR roof. 

 As observed, ridges in the MBR roofing membrane traverse across the roofs
and occur at the joints in the roofing substrate.  The MRB membrane is
flexible, especially when hot.  And the boards expand and contract or as foot
traffic crosses the roof, the plywood substrate flexes at the unsupported edges
and applies added strain to the membrane.  As the substrate and membrane
continues to flex, it weakens and cracks.  These cracks in the membrane can 
allow moisture to migrate into the roofing system. 

 This flexing of the roofing substrate occurs on both the MBR and copper
portions of the roof however, the copper has more strength to span the
plywood joints and resist the strain.  But, it does strain and failures will 
result.  The broken soldered seams and splits in the copper are evidence of
this damage. 
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Increased support of the substrate joints would greatly lessen the strains put
on the membranes. Panel clips at the joints may help to keep the plywood 
sheets in line however full support at the joints would prove to be the most
effective method controlling the substrate movement.  Full support however,
would also hinder the air flow within this vent space and render the assembly 
in effective.  Sandwiching the roofing substrate with an additional layer of
plywood while staggering the joints would provide for a more monolithic
substrate with less movement between the joint. 

 Although the extruded insulation has a high density and compressive 
strength, it is not solid.  Undoubtedly as weight is applied to the roof some
slight compression occurs.  Transferring the load of the sleepers directly to
the roof deck would provide solid support. 

 The newer copper was installed without this additional plywood and would 
therefore continue to flex as it always had.  Monitoring the newly replaced
sections is warranted to evaluate for premature failures.  The addition of the
self-adhered waterproofing membrane under the newer copper is an added 
layer of protection that will prove to be worthwhile. 

 Splits and tears could be expected in any roofing system if it is very old,
poorly maintained or has endured a great amount of foot and maintenance
traffic. The roof of the CRC has not endured any of these hardships; it is only 
13-years old, is generally well maintained and is trafficked rarely. 

 The various open seams in the copper and the MBR roofing will allow water
to enter the roofing system and eventually the building.  As time passes these 
openings will grow and admit greater amounts of moisture. 

 The configuration of the roof (its shape) results in a great amount of edge
detailing and in turn many seams in the metal trim work.  Over time, most of
the seams have opened up and various repairs were performed.  Many of the 
seam repairs utilized sealant applied inappropriately and are now failing.
Several soldered joints are open and it appears that the solder never fully
bonded to the sheet metal; the solder is now pulled away from the base metal.

 The noted moisture, staining and dry rotting of the plywood is evidence that
water is entering the roofing and deteriorating it. 
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 Copper roofing is expected to oxidize to a green patina; most of the roof has
gone through this process.  Several areas on the newer copper and many areas 
on the original copper have heavy layers of patina, similar to when acid flux
is not fully neutralized or washed from the surface.  It appears that the surface
of the copper has been contaminated.  In other areas of the roof and primarily 
where copper is soldered or in contact with lead-coated copper, the patina is 
completely washed away and the bright copper is visible.  Acid rain wash-
down from the lead-coated copper is suspected in these localized conditions. 

Ballasted IRMA The ballasted IRMA roofs in the center of the nautilus, at the northeast corner
of the building and at the southwest portion of the building are generally in
good condition, do not have reported leaks and appears to be well maintained.
Some debris was noted on the southwest roof, but truly detrimental materials
were not noted.   

 Of slight concern are the locations where the cooling unit curbs are collecting
and holding water.  An area of standing water is a potential leak source.  If
these curbs could be drained and kept dry the risks of leaks would lessen. 

 An IRMA roofing system will inherently hold some moisture at the
membrane level because it is not exposed and able to dry.  Because of this,
vegetation has a better chance of growing on the roof.  The weeds noted in 
the drains are proof that this is occurring and can be detrimental to the
roofing membrane.  The roots seek out water and work their way into small
openings.  If allowed to grow, these openings will be enlarged and be
potential leak points. 

 Each of the 3 roof openings in the rubberized asphalt membrane exhibited
moisture under the membrane.  A full adhered system such as this will limit
the waters travel under the membrane, but will not prevent it.  It would be
highly doubtful that each of the openings was performed in the precise area
of entry.  Therefore moisture most probably occurs under most of the IRMA
membrane.  In each location, the membrane was still somewhat adhered to
the concrete deck and not fully delaminated from it.  This will lessen the 
travel of intruding moisture.  The moisture indicates that a breach in the
membrane has occurred but, because there are no reported leaks it does not
appear that large amounts of moisture are intruding.  Monitoring this roofing 
is advised. 

Building Exterior The concrete exterior of the CRC has joints that are sealed, and the sealant is
deteriorating.  As sealants age, they can dry out and lose their elasticity and
as they do the crack and split open.  Dried and cracked sealant will allow
seeping into the wall system and into the building or roofing. 
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 Structural Considerations 

 
 
Background and 
Objective 

Currently, no fall arrest/protection system exists on the spiral nautilus roof 
of the Smithsonian National Museum of the American Indian Cultural 
Resources Center (NMAI-CRC).  It is the intent that a new fall 
arrest/protection system be installed on the spiral nautilus roof of the 
NMAI-CRC.  
 
The objective of this study was to conduct an initial preliminary structural 
evaluation of the existing roof framing members to assess the adequacy of 
the framing members to support loads from the proposed fall/protection 
systems engineered by LJB, Inc. 
Water infiltration was observed under the roof of the NMAI-CRC and this 
subject is addressed in separate observations.  Based on field investigations 
and the reported findings, removal and replacement of the upper sections at 
the outer ring of the spiral shaped roof of the NMAI-CRC was 
recommended.  
 

Description of Existing 
Roof Framing System 

Existing structural drawings prepared by Cagley and Associates dated 31 
March 1996 were utilized in this evaluation.   
 
The plan configuration of the NMAI-CRC roof has the shape of a spiral 
nautilus shell.  The outer ring roofing consists of flat seamed lead-coated 
copper pans at the higher elevation (upper headdress) supported by 3” deep 
steel roof deck and structural steel beams which slope down to the inner 
ring roof (lower headdress) which is covered with a modified bitumen sheet 
membrane supported on 3” deep steel deck and steel beams.  The roof 
slope varies.  Column grids are oriented radially along “ribs” designated as 
grid R16 at the high end towards the north and grid R7 at the low end 
towards the south of the NMAI-CRC roof.  An intermediate (grid labeled 
60% Line) ring of steel girders and columns support the lower ends of the 
outer ring radial steel beams and the upper ends of the inner ring radial 
steel beams.  An elevation drop of approximately 30 inches exists between 
the top of outer ring (upper headdress) roof steel framing and the inner ring 
(lower headdress) roof steel framing.   
 
A visual survey of the roof structure was conducted by a URS structural 
engineer on 14 July 2011.  The existing structural steel framing members 
under the outer ring roof were concealed and not accessible for viewing. 
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Proposed Fall 
Arrest/Protection 
Layout and Loads 

The conceptual layout for the new horizontal lifeline system engineered by 
LJB, Inc. proposes locating new pipe stanchions along the intermediate 
(grid labeled 60% Line) ring of steel framing.  This new horizontal lifeline 
system layout will provide fall/arrest protection for personnel accessing the 
outer ring (upper headdress) roof areas.  In addition, “redirect” stanchions 
are proposed at the sloping edges of the roof along grid R16 at the north 
and grid R7 at the south.  Also, the proposed restraint system at skylight 
curb will provide restraint for personnel accessing the north side of the 
curved edge of the center flat roof.  
 
Preliminary horizontal loads for the proposed fall arrest and fall protection 
systems were determined by LJB Inc. (see separate roof plans prepared by 
LJB Inc.) and are summarized herein as follows: 
 

1. Horizontal Lifeline System (Load Condition 1): 

 Load in-line with lifeline =    3500 lbs at end pipe 
stanchions (see note) 

 Load perpendicular to lifeline =  1350 lbs at interior pipe 
stanchions & end stanchions 

 All loads to be applied at 18” above the roof surface. 
 
Note: At end stanchions, apply in-line load in conjunction with load 
perpendicular to lifeline. 
 

2. Horizontal Lifeline System (Load Condition 2): 

 Load in-line with lifeline =   no load at end pipe stanchions 
 Load perpendicular to lifeline =  2700 lbs at all pipe stanchions 
 Load to be applied at 18” above the roof surface. 

 
3. “Redirect” Stanchions: 

 Load in-line with stanchions =  1350 lbs at each stanchion 
 Load perpendicular to stanchions =  1350 lbs at each stanchion 
 Loads to be applied simultaneously at 18” above the roof surface. 
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4. Restraint System at Lobby Skylight Curb: 

 Restraint System =    500 lbs (see note)  
 Load to be applied at 18” above the roof surface of the center flat 

roof at the north side. 
Note:  Apply load anywhere along length of restraint system. 
Existing structural framing members that support fall arrest and fall 
protection systems are to be evaluated based on ANSI Z359.6-2009 
load combinations and the LRFD design approach. 
 

Structural Evaluation 
and Findings 

As indicated on Drawing S100, the original roof design loads for the 
NMAI-CRC roof are as follows: 
 
Dead Load (steel framed area)= 30 psf [1.4 MPa] + self weight of beams 
Roof Live Load  = 30 psf [1.4 MPa] 
Roof Snow Load  = Drifting snow if greater than 30 psf [1.4 
MPa] 

 
As described in other reports and indicated on the original construction 
documents, the existing outer ring roofing system consists of copper 
roofing, ¾ inch plywood, ½ inch gap provided by wood sleepers, 2 inch 
polyextruded isolation board, ¾ inch plywood, 2 inch polystyrene, ice 
water shield, and ½ inch gypboard on 3 inch deep steel roof deck.  The 
approximate total thickness of the roofing system is 10 inches.  The 
proposed loads determined by LJB, Inc. for the new fall/arrest protection 
system will be applied at a height of 18 inches above the top of the existing 
roof surface. 
 
This evaluation is based on the assumption that the as-built conditions, 
including beam sizes, bracing members and connection details, are in 
accordance with the construction documents.  Field verification of as-built 
conditions is recommended prior to commencement of new work. 
 
Coordination will be required between the fall arrest/protection engineer 
and the structural engineer in order to properly layout the new pipe 
stanchions on the existing outer ring (upper) radial steel beams at the 
existing intermediate (grid labeled 60% Line) ring to minimize the height 
of the new pipe stanchions and the corresponding reaction forces that are 
transferred from the upper radial steel beams down into intermediate ring 
girders and columns; see sections 1/S322 and 14/S320.    
 
As indicated on Drawing S107, radial steel beam sizes vary from 27 inch 
[690mm] depth at the north end where the spans are longer to 12 inch 
[310mm] depth at the south end where the spans are shorter. 



National Museum of the American Indian’s Cultural Resources Center OFEO #1151501 
Replace Roof/Fall Arrest  Analysis 
Conceptual Design Report 

  Page 55 

 
 Horizontal Lifeline System: 

– Supports for Interior Pipe Stanchions 
In general, the larger radial steel beams appear to possess sufficient 
structural capacity to resist the proposed fall arrest/protection 
system loads which are applied in the plane of the radial beams.  
However, the smaller radial steel beams do not appear to be 
adequate to support the proposed fall arrest/protection system loads 
and thus a detailed analysis will be required once the final layout of 
new pipe stanchions is determined. 
 
– Supports for End Pipe Stanchions 
At the north end of the outer ring (upper headdress) roof, the 
existing W27x94 [W690x140] radial steel beam and existing lateral 
cross bracing members possess sufficient structural capacity to 
resist the proposed fall arrest/protection system loads. 
 
However at the south end of the outer ring (upper headdress), the 
smaller W12x x16 [W310x24] does not appear to be adequate to 
support the proposed load from the new pipe stanchions and thus a 
detailed analysis of this member will be required.  It is anticipated 
that the addition of supplemental steel beams and additional steel 
bracing members will be necessary to resist the proposed load 
which is applied perpendicular to the plane of the existing radial 
steel beam at the south end.  
 

 “Redirect” Stanchions: 

At the north end of the outer ring (upper headdress), the existing 
larger W27x94 [W690x140] radial steel beam and existing lateral 
cross bracing members possess sufficient structural capacity to 
resist the proposed redirect stanchion loads. 

However at the south end of the outer ring (upper headdress), the 
smaller W12x16 [W310x24] does not appear to be adequate to 
support the proposed redirect stanchion loads and thus a detailed 
analysis of this member will be required.  It is anticipated that the 
addition of supplemental steel beams and additional steel bracing 
members will be necessary to resist the proposed redirect stanchion 
loads which are applied perpendicular to the plane of the existing 
radial beams at the south end. 
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 Restraint System: 

At the north side of the lobby skylight curb, the existing concrete 
curb (see section 4/S305) possesses sufficient structural capacity to 
resist the proposed restraint system loads. 

 
Roofing Replacement 
Impact 

As roofing replacement solutions were formulated, a general structural 
review of any increase in superimposed dead load on the roof framing 
members was conducted to determine the feasibility of each proposed 
solution.  At this time, it appears that the proposed solutions add only a 
small increase in superimposed dead load on the existing framing 
members; however, as roofing replacement solutions are further developed, 
a detailed structural analysis will be required to confirm the adequacy of 
each individual roof framing member. 
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 Fall Protection and Roof Access 

 
 
Introduction OSHA regulations and the Smithsonian Institution (SI) health and safety 

program require the protection of employees exposed to potential fall 
hazards of 4 feet or greater. The manner in which an employee is protected 
is not, however, dictated by any regulatory agency. 
 
To determine fall protection requirements for the SI National Museum of 
the American Indian’s Cultural Resources Center (CRC), a meeting was 
held at the site on June 9, 2011. The meeting included representatives from 
SI, Hartman-Cox Architects, Hoffman Architects and LJB Inc. At this 
meeting, roof and façade maintenance tasks that require work at height 
were reviewed and conceptual abatements discussed and evaluated. 
 

Regulations and 
Standards 

In addition to SI safety policy, the following regulations and standards 
govern the selection, implementation, and use of fall protection abatement 
methods.  While only OSHA requirements must be met legally, the ANSI 
standards referenced below are considered to be state of the art for the fall 
protection industry. SI has expressed a desire to comply with these 
standards unless specific circumstances dictate otherwise. 

OSHA regulations 

Workplace safety is governed by the Occupational Safety and Health Act 
of 1970. In the OSHA Code of Federal Regulations, the subject of fall 
protection is covered by four main standards: 

 Part 1910.21, Subpart D (Walking-Working Surfaces) 

 Part 1910.66, Subpart F (Powered Platforms) 

 Appendix C to Part 1910.66, Personal Fall Arrest System (Section 
I-Mandatory) 

 Part 1926.50, Subpart M (Fall Protection) 

ANSI/ASSE Z359, “Fall Protection Code” 

The ANSI/ASSE Z359, “Fall Protection Code,” is the most recent and 
relevant series of standards that cover fall protection for general industry. 
The intent of this family of standards is to provide minimum 
recommendations for the design, installation and use of active fall 
protection systems.  



National Museum of the American Indian’s Cultural Resources Center OFEO #1151501 
Replace Roof/Fall Arrest  Analysis 
Conceptual Design Report 

  Page 58 

 

ANSI/ASSE Z359.2 - 2007, “Minimum Requirements for a 
Comprehensive Managed Fall Protection Program” promotes use of the fall 
protection hierarchy to choose methods to eliminate or control fall hazards. 
The methods of fall protection hierarchy in order of preference are: 

 Elimination or Substitution - Removal of the hazard or hazardous 
work practices 

 Passive Fall Protection - Isolation or separation of the hazard or 
hazardous work practice from employees or others 

 Fall Restraint - Attachment of the authorized person to an 
anchorage using a lanyard short enough to prevent the person's 
center of gravity from reaching the fall hazard 

 Fall Arrest - A system designed to stop an authorized person after a 
fall has begun 

 Warning and Administrative Controls - Work practices or 
procedures that reduce the risk of a person falling 

 
Residual Risk and the 
Fall Protection 
Hierarchy 

In subsequent sections of this report, abatement options for specific fall 
hazards are discussed. Before explaining the specific abatement options, it 
is important to understand the concept of the fall protection hierarchy and 
residual risk.  
 
When evaluating abatement methods, one criterion that should be 
considered is residual risk. Residual risk refers to the likelihood of an 
employee sustaining an injury, even if a fall protection system performs as 
intended. Generally speaking, an abatement that is relatively “defeatable” is 
less effective and, therefore, possesses greater residual risk.  
 
To compare fall hazard abatement alternatives based on their relative 
residual risk, OSHA and ANSI refer to a concept known as the fall 
protection hierarchy. Within the hierarchy, the possible control methods are 
ranked in order of increasing residual risk. The purpose of the hierarchy is 
to provide an order of consideration when the feasibility of possible 
solutions is considered. By following the fall protection hierarchy in 
selecting an abatement method, the most effective feasible solution can be 
implemented. 
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Some fall protection abatement methods are considered passive, while 
others are active. Elimination and engineering controls, which are passive 
systems, are the most effective since they do not require any specific 
participation of the worker to function. Active systems, on the other hand, 
require some degree of participation by the worker, ranging from staying 
away from hazardous areas to conducting equipment inspections and 
completing attachments for each work activity.  An active system, such as a 
fall arrest system, will have a higher residual risk than a passive system, 
such as guardrail, since even a properly designed and installed fall arrest 
system permits a fall to occur. It is possible, for example, that an employee 
could strike an object during the fall or experience suspension trauma 
during rescue. It is also likely that an employee could chose not to use a fall 
arrest system, or use it improperly. On the other hand, passive protection, 
provided by the guardrail, requires no action by the employee to be 
effective. 
 
The fall protection hierarchy emphasizes that consideration should be given 
to elimination or substitution and passive protection before decisions are 
made to implement active controls. Ultimately, active controls should only 
be put into place after passive controls have been considered and deemed 
infeasible. 
 

Fall protection hierarchy 

The options described below follow the order of the fall protection 
hierarchy. The fall protection hierarchy is a useful tool when comparing 
different fall hazard abatement options based on their relative residual risk. 
Within this report, passive controls, fall restraint and fall arrest systems are 
proposed as the primary means of protecting SI employees and outside 
contractors. The methods of elimination or substitution and warning 
systems and administrative controls, however, are also described for the 
purpose of comparison.  

Elimination or substitution 

The most effective method of abatement is to eliminate the fall hazard. This 
can be achieved by substituting an unsafe practice with an alternative. 
Elimination or substitution generally has a relatively high initial cost, in 
comparison to other control methods, but this is typically a one-time cost. 
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Fall protection should be considered at the conceptual design stage of all 
new facilities and significant renovations. Reworking unsafe practices or 
eliminating fall hazards at this early stage, is less expensive and less 
problematic than incorporating passive fall protection or equipment-based 
systems at a later date. 

Although desirable, elimination is not always an appropriate option and is 
often infeasible when abating hazards associated with an existing facility.  

Passive controls 

Passive controls (also referred to as engineering controls) typically include 
working surfaces/platforms with guardrail and ladder access that are 
passively engaged to control fall hazards. The general idea is to provide 
mechanisms or guards that the user would have to actively and consciously 
overcome to be at risk of a fall. 

While guardrail mounted around the perimeter of each unprotected roof, 
including appropriate access ladders and landings, would provide an 
excellent degree of protection against worker falls, this solution is not 
generally feasible for SI locations. The superior reduction in residual risk 
afforded by this type of fall protection is offset by compromising the 
architectural appearance of the building. The use of guardrail is, therefore, 
limited to discreet locations, where active fall protection systems cannot be 
utilized. 
 

Warning systems and administrative controls 

Warnings inform and remind workers to avoid areas that present a fall 
hazard. Warning systems often use signage to warn employees to keep 
away from unsafe areas (i.e., roof edges). Areas may be more distinctly 
identified by roping them off with warning lines. This approach is 
considered relatively effective because it prevents the workers from 
approaching the fall hazard.  

Administrative controls include policies, procedures and training that 
enhance fall protection safety and that are adopted, promoted and enforced 
by the employer. Both warning systems and administrative controls are 
active in nature and are highly dependent upon employee and supervisor 
behavior. As such, they should generally be considered only when passive 
methods of control have been deemed infeasible. 
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Fall restraint and fall arrest systems 

Active systems include both fall restraint and fall arrest systems, and 
require the use of personal protective equipment. These systems are the 
least desirable and have the lowest position in the hierarchy because the 
hazard has not been removed, nor has the employee been removed from the 
hazard. These methods always require the employee to erect assemblages, 
complete attachments or perform other actions each time they are used. 
These systems also require regular inspection, maintenance and training for 
their continued effective use. Active systems should generally be employed 
when other methods have been given due consideration and deemed 
infeasible. 

Despite their limitations, it is anticipated that active systems will generally 
be implemented throughout the museum. While active systems have higher 
residual risk, they do offer significant advantages. The most readily 
apparent advantage of active systems is their relatively minimal aesthetic 
impact when compared to passive solutions. 
 
Active systems incorporate an anchorage connector subsystem for the 
attachment of the personal protective equipment. Three anchorage 
connector subsystems suitable for use within the museum and their 
perceived advantages and disadvantages are listed below: 
 

 Discrete anchorages 
o Provide rigid, static resistance to load 
o Least visually obtrusive 
o Do not allow for continuous protection; worker must attach and 

detach repeatedly 
 
 

 Rigid-rail systems 
o Rigid under load 
o Provides continuous protection along system path 
o Most visually obtrusive 

 Horizontal lifeline systems 
o Provides continuous protection along system path  
o Less visually obtrusive (compared to rigid rail systems) 
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Each of these anchorage connector subsystems may be utilized to provide 
protection that falls into one of two distinct categories: 
 

 Fall restraint 
o Prevents worker from reaching the unprotected edge; residual 

risk is lower than for fall arrest, but restricts mobility at very 
edge of work surface 

o Available clearance is not a constraint 
o Improper selection or use of equipment may result in a fall 

onto a lower level 
o Does not permit access to corners 

 Fall arrest 
o Allows access to (and beyond) unprotected edge and corners 
o Requires significant clearance to stop the fall before the worker 

contacts the lower level (the available clearance at some roof 
levels precludes the use of an active fall arrest system) 

o Imposes significant load to the supporting structure 
o Timely rescue of the suspended worker is required 

 
Evaluation Criteria The following criteria were developed during the conceptual design for the 

purpose of evaluating proposed fall protection solutions.  
 

 Safety 
o Protection for all tasks and provision of safe access to fall 

protection solutions is a priority 
o Compliance with SI fall protection program 
o OSHA compliance 
o Compliance with ANSI standards is desirable, but not 

imperative 

 Cost 

o Since cost is usually of significant importance, consideration 
must be given to not only the short-term installation costs, 
but also the long-term costs of ownership such as training, 
product replacement, inspection, maintenance, etc. 

 Preservation and related issues 
o The CRC is a building of architectural interest 
o Effect of permanent fall protection installations on the 

building’s appearance should be minimized 

 Flexibility of usage 
o Ease of use 
o Ability of both contractors and SI staff to use fall protection 
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Existing Conditions 
and Identified Hazards 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Section A Roof 
A fall hazard exists along the north, west and south edges of the upper 
section of the headdress. Six recesses are also cut perpendicularly into this 
perimeter edge. Architectural lights are located within these recesses. 
Access to the roof edges and the recess represents a significant fall hazard.  
 
A residual fall hazard exists when accessing the upper edge of the 
headdress from the horizontal lifeline system. Because the roof slope 
increases significantly from the north to south, a slip hazard back down the 
roof slope could occur, especially in wet conditions.  
 
 

Section B Roof 

A fall hazard exists along the north edge of the Section B roof that forms 
the lower section of the headdress. Although a parapet exists along this roof 
edge, it is too short to provide adequate protection.  A fall hazard also 
exists along the east edge of the roof adjacent to the recessed light well 
(Section L roof). 
 
 
Section C Roof 

Crossover platforms are provided to access the Section C roof from the 
Section D and Section B roofs. The platforms contain a number of 
geometric non-conformances with OSHA 1910 Subpart D regulations for 
walking and working surfaces. The non-conformances include: missing 
guardrail on the stairs, missing mid-rails to the stairs and platforms, too 
narrow stair and platform widths, top ladder rungs not level with the 
platforms they access.  
 
 
Section D Roof 

The Section D roof is accessed via a roof hatch. The roof hatch represents a 
fall hazard when left open.  
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Section F Roof 

A compliant parapet wall surrounds the perimeter of the Section F roof. A 
material access gate is located on the south section of the west parapet wall. 
The gate has been bolted shut and is currently inoperable. Two air intake 
and exhaust shafts are located in the southeast corner of this roof. The 
intakes are covered with grating and padlocked closed. It is unknown when 
either the material access gate or the air shafts were last opened. In the 
event that the material access gate or the air shafts are opened in the future, 
a fall hazard would be created at each of these locations.  
 
Section J Roof 

The Section J roof above the elevator overrun houses an antenna and some 
vent stacks. Access is required to this roof for periodic maintenance. The 
roof edge has no compliant parapet and represents a significant fall hazard. 
There is also no permanent means of access provided to access this roof. 
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 Lightning Protection Systems 

 
 
Objective The objective of this study is to evaluate the impact on existing building 

lightning protection system due to water infiltration and potential re-
roofing recommendations. 
 
The Cultural Resources Center (CRC) site visit was conducted on July 14th 
2011 and the existing building lightning protection system was thoroughly 
inspected starting from the Upper and Lower Headresses, including the 
central roof, low roof and the roof hatch area. 
 
The lower roof contains most of the roof top mounted equipment including 
mechanical units, exhaust fans, exhaust stacks, satellite dishes, radio 
antennas, and dome type CCTV perimeter security surveillance equipment, 
which was also fully inspected with regards to lightning protection. 
 

Summary The existing building lightning protection system can be summarized as 
follows:  
 

1. The primary lightning protection system was a single lightning 
“preventor”, exothermically bonded to a 6 meter long aluminum 
pole mast with brushed satin finish located on one side of the 
building. The mast was clamped with support brackets to an 
insulated boiler flue stack. The elevation of the lightning preventor 
from sea level was approximately 113 meters. 
 
Mounted at the base of the pole mast are 2-#2/0AWG (American 
Wire Gauge) stranded bare copper lightning protection cables 
exothermically bonded and routed down below grade in conduit to 
the existing building perimeter ground loop. See attached 
photographs 1 thru 4. 

  
2. The secondary lightning protection system is a number of short 

#2/0AWG (American Wire Gauge) stranded bare copper lightning 
protection cables mechanically bonded to selected building 
cantilevered structural steel beams routed horizontally across the 
flat lower roof , the roof hatch area and then to the down 
conductors. The secondary lightning protection system does not 
have a network of roof conductors. 
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The lightning protection down conductors from the flat roof level 
through the concrete slab was via a 0.15 meter high weatherhead 
mast. See attached photographs 5 thru 12. 
 

Observations The existing building lightning protection system is below average 
condition. Some lightning protection cables, cable connection with 
compression fittings were observed to be in corrosive condition. 
 
In summary, there is no impact on the existing lightning protection system 
due to water infiltration. 
 

Deficiencies The critical deficiency observed was that the facility is not well protected 
from lightning strikes. A single lightning “preventor” located at one side of 
the building is inadequate protection for this facility. See photograph 1. 
 
A structural building of this size and height requires additional rooftop and 
equipment mounted air terminals to meet lightning protection requirements 
as outlined in the NFPA 780 Standard.  
 
Secondly, none of the roof top mounted mechanical unit metallic 
enclosures or the air intake steel grates are bonded to the building lightning 
protection system; refer to photographs 13 thru 18. 
 
The satellite dish on the roof and its supports are not bonded and are 
unprotected; refer to photographs 19 and 20. 
 
Lastly, the facility perimeter surveillance system of roof mounted CCTV 
cameras with metallic enclosures and support were observed unprotected 
from lightning strikes. A single lightning strike to just one of the cameras 
can easily render the facility security system damaged if the lightning 
current pass through the control/signal cable on the roof, further damaging 
headend monitoring equipment or impact the surge protection unit if 
provided; refer to photographs 21 thru 24. 
 
All the fore mentioned equipment is susceptible to lightning strikes due to 
elevation and their metallic enclosures. 

 
  



National Museum of the American Indian’s Cultural Resources Center OFEO #1151501 
Replace Roof/Fall Arrest  Analysis 
Conceptual Design Report 

  Page 67 

Photograph 1 Photograph 2 

Photograph 3 Photograph 4 
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Photograph 5 

 
Photograph 6 

 
Photograph 7 

 
Photograph 8 
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Photograph 9 Photograph 10 

Photograph 11 Photograph 12 
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Photograph 13 Photograph 14 

 
Photograph 15 

 
Photograph 16 
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Photograph 17 Photograph 18 

 
Photograph 19 

 
Photograph 20 
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Photograph 21 
 

Photograph 22 

Photograph 23 
 

Photograph 24 
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 Interiors 

 
 
Objective This section of the report is to evaluate the impact on fire rated barriers, 

walls, or floors due to the numerous instances of water intrusion throughout 
the CRC facility over the years. 
 

General On July 14th, 2011, the A/E submitted requests to conduct an architectural 
walk survey in order to observe and identify the locations of any and all 
known locations that have been damaged by water intrusion.  OFEO staff 
arranged for the team to meet with Mr. Tony Williams representing the 
Collections Storage spaces and with Ms. Marian Kaminitz and Ms. Susan 
Heald representing the Conservation spaces.  These meetings and their 
associated survey activity occurred on July 14th, 2011. 
 
Based on the above referenced arrangements and the spaces that were made 
available to the team for observation, it is the author’s understanding that 
no other instances of significant water intrusion have been discovered in 
any other areas of the CRC facility outside of the collections storage and 
conservation spaces. Further observation might be necessary during the 
early stages of the design process should other areas of concern be 
discovered and/or identified. 
 

Collections Storage 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The Collections Storage spaces are located contiguously on three levels 
(Lower Level, Entry Level, and Mezzanine) such that most of the spaces 
are located beneath the area of the sloping headdress roof(s); although the 
southwestern portion of these spaces extends beneath the flat IRMA roof.  
The mezzanine level is located entirely beneath the upper headdress roof, 
between the exterior wall and the spiral-curved structural grid line N1. 
 
The perimeter of the Collections Storage spaces is surrounded by exterior 
walls and/or by a 2-Hour Fire-Resistance Rated (2hr-rated) wall of concrete 
and/or masonry construction.  The northern exterior wall at gridline R16.2 
has been subjected to contact with water intrusion events on the interior 
face, however the interior gypsum finish system serves mostly to conceal 
the insulation materials location within the exterior wall assembly and, to 
some degree, to contribute to the exterior wall’s overall performance in 
resisting thermal transfer through the assembly. (Please see Appendix B for 
illustration of the fire resistance rated wall locations.) 
 
Additionally, a 2hr-rated shaft at the western wall of the mezzanine level, 
immediately north of gridline 8, that is constructed of a 7 ¼" (184mm)-
thick gypsum shaftwall assembly providing chase space for a gang of five 
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Collections Storage 
(Continued) 

(5) large HVAC duct risers that serve the Collections Storage spaces. No 
evidence of water intrusion was observed at this location, and given that 
this shaft is located beneath the highpoint of the upper headdress roof, it is 
highly unlikely that penetrating water would ever collect or be deposited at 
this location.   
 
With the exception of the mezzanine level, the Collections Storage areas 
have the building’s systems and structure exposed overhead.  At the 
mezzanine level, these systems are concealed above a suspended gypsum 
board ceiling assembly. 
 
Consistent with the findings of the prior “Roof Leak Investigation” of 
2005, all evidence on the interior suggests that when water has penetrated 
the roofing assembly, it travels long distances before it presents at low 
points or at junctures with vertical walls or other elements.  In the high-bay 
area on the entrance level located beneath the lower headdress roof, the 
absence of a ceiling assembly has enabled water to drop down onto the 
floor, storage furnishings, or directly onto the cultural artifacts before the 
open storage racks were protected by a provisional polyethylene draping 
erected by the Users. 
 
Relevant photographic evidence is provided as follows, beginning on the 
next page: 
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Collections Storage Collections Storage – Image No. 1
(Continued) 

 
 Image No. 1 is taken from the northeastern corner of the Mezzanine Level 

looking eastward. In the foreground left is the interior face of the northern 
exterior wall at gridline 16.2.  Foreground center is a provisional wood-
framed polyethylene canopy protecting the largest of the museums 
horizontally stored artifacts, canoes. 
 

 Image No. 2 
 

 
 Image No. 2 is taken from the same viewpoint as Image No. 1, but rotates 

the direction of the view to the southeast; absorbption mats placed by the 
Users on top of the compact mobile storage systems are visible.  The 
nearest “rib” element above the storage cabinets is at gridline R1 and this 
general area of the space was identified by the user as having had the 
highest concentration of water intrusion activity including one active leak 
(refer to “Diagram of Interior Observations” for specific location). 
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Collections Storage Image No. 3 
(Continued) 

 Image No. 3 is a detailed view of the architectural gypsum finishes that 
enclose the low point of the structure and HVAC ducting at gridline R1.  
Deformation and corrosion of the metal termination/trim beads that abut 
the concrete wall are visible along as is a noticeable swelling of the 
adjoining gypsum material. Residue and staining from past water activity is 
also visible on the wall and on the round HVAC sub-riser that penetrates 
the enclosure at this location. 
 

  



National Museum of the American Indian’s Cultural Resources Center OFEO #1151501 
Replace Roof/Fall Arrest  Analysis 
Conceptual Design Report 

  Page 77 

  
Conservation 
 
 
 
 
 
 
 
 
 
 
 

The Conservation spaces are located on the Entry Level beneath the flat 
IRMA roof and are immediately adjacent to both the western exterior wall 
and the Collections Storage space located to the east.  Conservation and 
Collections Storage are separated by an 8" nom (190mm) 2hr-rated 
concrete masonry partition.  Within the Conservation Suite, there is a 1hr-
rated separation wall that surrounds the laboratory spaces constructed of a 
metal framed gypsum wall assembly of varying thickness, but typically 
consisting of 6" (152mm) metal studs at 16" (400mm) centers. 
Additionally, the area of Library E-3094 is identified on Drawing A432.2 
as a Smoke Enclosure. 
 
With the exception of hard ceilings (suspended gypsum assemblies) at Wet 
Area (E-3097) and at soffit conditions around the perimeter of the 
treatment areas in the laboratories and at the corridors/passages on the 
south and north end of the Photo Lab (E-3100), the predominant ceiling 
finish in the Conservation Suite is a suspended acoustic panel assembly.  
Although not yet confirmed, these acoustic ceilings appear to be of the 
“Fineline” type with a narrow-face and slotted grid system.  As with the 
Collections Storage spaces, the above-ceiling conditions in the 
Conservation Suite were not observed. 
 
Consistent with the findings of the prior “Roof Leak Investigation”, a high 
concentration of water intrusions is evident in the areas of the Conservation 
Suite that are located directly beneath exhaust stacks. There is a cluster of 
eight (8) exhaust duct penetrations through the roof above the area of the 
Wet Area, Photo Lab, & the Science Lab.  There is a cluster of four (4) 
exhaust duct penetrations through the roof above the Library. 
 
The Conservators stated to the team that leaks in these areas are seasonal – 
active in the winter and dormant in the summer.  Furthermore, the 
Conservators indicated that leak activity appears to increase as outdoor 
temperatures drop.  These reports are very consistent with the condensation 
theory described in the “Evaluations” Section of the 2005 “Roof Leak 
Investigation” where, on Page 18 it states: 
 

The third source of water in this area is a result of condensation. 
The metal ductwork and flashing through the roof is not thermally 
broken or properly insulated and it is therefore significantly cooler 
in wintertime than the room temperature. Warm moist air inside 
the building condenses on the cold metal surface and the 
condensate water drips down to the ceiling below. 
 

Relevant photographic evidence is provided as follows: 
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Conservation  Image No. 4 
(Continued) 

 
 

  Image No. 5 
 

 
 Images No. 4 & 5 are of the ceiling conditions above the Library E-3094.  

Numerous water “spots” including in instances in close proximity to the 
1hr-rated wall pictured in Image No.5. 
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Conservation  Image No. 6                                                    Image No. 7
(Continued) 

 
 

  Image No. 8 
 

 
 Images No. 6 & 7 are of the ceilng conditions above the Science Lab (E-

3099) where the number of visible water “spots” greatly exceeds the those 
found in the Library.  Image No. 8 is of the soffit over Corridor 3098B at 
the south entrance passage into the Photo Lab.  A large area of swollen 
gypsum and delaminated paint is visible.  The condition shown in Image 
No. 8 is of particlar concern given its close proximity to the 1hr-rated wall 
immediately adjacent to the west (out of frame). 
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Reference Refer to the diagrams provided in Appendix B for a consolidated record of 
the type and location of observed leak evidence. 
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Recommendations 

 Roof Repairs 

 Introduction 
 

General The configuration and construction of the vented roofing system has led to the occurring 
problems with the copper and MBR roofs.  The unsupported plywood joints will continue 
to move independently and put undo strain on the roofing membranes.  Several methods 
can be used to remedy this condition.  To install panel clips or additional sleepers would 
require removal of the plywood roofing substrate.  To install additional sleepers would 
require removal of the plywood roofing substrate and would interfere with the venting.  In 
an effort to reduce the cost of the recommended roofing replacements, Hoffmann 
Architects recommends that an additional layer of  ¾-inch be firmly attached to the 
existing substrate and have the joints between the boards be staggered so that the 2 boards 
reinforce each other. 
 
Additional structural evaluation of the roof structure would be necessary to confirm that 
the structure can support this additional roof load. 
 

Headdress Copper The headdress copper roofing is in poor condition and should be replaced.  Repairs to 
existing copper roofing seams are difficult and rarely effective.  In addition, the 
deterioration of the EPDM gutter between the wedges of copper is a known source of 
leaks.  Hoffmann Architects recommends removal of the existing flat seam copper roofing 
down to the plywood roofing substrate; fully attaching an additional layer of ¾-inch 
plywood so that the joints are well secured and staggered from the joints in the board 
below; installing a layer of self-adhering rubberized asphalt waterproofing membrane to 
the plywood; installing a layer of rosin impregnated release paper; and then installing a 
new flat seam copper pan roofing system, complete with new edge flashings.  Expansion 
battens would be installed as part of this roofing in a similar manner as the presently exist.  
In addition to the new copper roofing, we further recommend that the existing small 
EPDM gutters be abandoned and expansion curbs be installed over the existing gutters. 
 
The existing parapet walls at the ends of the copper roof would remain but, all of the 
seams require repair to close them to the elements.  The new roofing would terminate to 
the wall flashings in a similar manner as they now exist. 
 
Although 6 of the existing wedges have recently been replaced, the deficiencies in the 
plywood substrate still exist.  We recommend monitoring these areas to evaluate for 
premature failures and repair defects as they arise.  Replacement of these roof areas is not 
anticipated until well after 10-years. 
 

Headdress MBR The headdress MBR roofing is in very poor condition and replacement is recommended.  
Repairs to the existing roof would be ineffective because the underlying problems with the 
plywood substrate exist.  Hoffmann Architects was also tasked to provide several options 
for replacing this roofing. They are: 
 

 Replacing the existing MBR roofing with a new copper flat-seam roof as the original 
design intended: 
Hoffmann Architects recommends removal of the existing MBR roofing down to the 
plywood roofing substrate; fully attaching an additional layer of ¾-inch plywood so that 
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the joints are well secured and staggered from the joints in the board below; installing a 
layer of self-adhering rubberized asphalt waterproofing membrane to the plywood; 
installing a layer of rosin impregnated release paper; and then installing a new flat seam 
copper pan roofing system, complete with new edge flashings. 
 

 Replacing the existing MBR roofing with a new MBR roofing similar to existing: 
Hoffmann Architects recommends removal of the existing MBR roofing down to the 
plywood roofing substrate; fully attaching an additional layer of ¾-inch plywood so that 
the joints are well secured and staggered from the joints in the board below; installing a 
layer of self-adhering rubberized asphalt waterproofing membrane to the plywood; 
installing a base layer; and then installing a new torch applied or cold-adhesive applied 
MBR roofing system, complete with new edge flashings. 
 

 Replacing the existing MBR roofing with a Fluid–Applied reinforced resin roofing: 
Hoffmann Architects recommends removal of the existing MBR roofing down to the 
plywood roofing substrate; fully attaching an additional layer of ¾-inch plywood so that 
the joints are well secured and staggered from the joints in the board below; installing a 
layer of self-adhering rubberized asphalt waterproofing membrane to the plywood; 
installing an odor-free, fleece reinforced, fluid-applied polyurethane resin roofing system, 
complete with new edge flashings. 
 

 The existing knee and parapet walls at the ends of the MBR roof would remain but, all of 
the seams require repair to close them to the elements.  The new roofing would terminate 
to the wall flashings in a similar manner as they now exist. 
 

Large EPDM Gutter 
Areas 

The large EPDM gutter areas at the center of the nautilus are in good condition and the 
liquid membrane coating is also apparently functioning well.  Past leaks have resolved and 
no problems currently exist.  No repairs are recommended at this area.  This area will 
however have to be well protected during the above discussed replacement projects. 
 

Ballasted IRMA Roofs The ballasted IRMA roofs do not presently leak and are not in need of immediate repair.  
To evaluate and ascertain the points of moisture entry would require removal of all of the 
ballast to expose the roofing membrane.  At this juncture it is Hoffmann architects’ 
opinion that would be unnecessary at this time.  We recommend monitoring the roof and 
budgeting for replacement within 10-years. 
 

Building Exterior  
Sealant 

Hoffmann Architects recommends the replacement of the exterior sealant at the concrete 
panels of the building.  The joints are past their useful life and can no longer protect the 
façade against moisture intrusion.  The old joints should be cut out and replaced with new 
silicone sealant joints. 
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Drawings 

 
Figure 1:  Upper headdress copper roof.  Original to be replaced, remainder to be monitored.  
Locations of Openings 
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Drawings 
(cont’d) 

 
Figure 2:  Lower headdress MBR roof to be replaced.  Locations of Openings. 
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Drawings 
(cont’d) 

 
Figure 3:  Remaining portions of roof to be monitored or in no need of repair.  Locations of 
Openings. 
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Drawings 
(cont’d) 

 
Figure 4:  Recommended replacement with a copper roof. 

 
 
 
 

 

 

 
Figure 5:  Recommended replacement with a liquid-applied roof. 

 
 
 
 

 

 

 
Figure 6:  Recommended replacement with an MBR roof. 
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 Structural 

 
 
 Coordination will be required between the fall arrest/protection engineer 

and structural engineer to establish the final locations of the proposed pipe 
stanchions.  Interior pipe stanchions along the intermediate (grid labeled 
60% Line) ring of steel framing shall be located directly above the top of 
existing steel columns wherever possible.   
 
A detailed analysis of the existing radial beams will be required for all 
proposed fall arrest/protection system loads which are applied 
perpendicular to the plane of existing steel roof beams.  
 
Based on the final locations of the pipe stanchions and additional structural 
analyses, supplementary steel beams, stiffeners and additional bracing 
members may be required to assure a complete load path to adequately 
transfer all proposed fall arrest/protection system loads into the building 
structural framing system. 
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 Fall Protection and Roof Access 

 
 

Section A Section A Roof Recommendations: 

It is proposed that these edges be safely accessed using a fall arrest system. The 
system would consist of a full-body harness attached to a lifeline using a rope 
grab with integral energy absorber. The lifeline would be connected to a linear 
anchorage connecting subsystem. The anchorage connecting subsystem would 
run along the curved profile between roof Sections A and B. Either a wire rope 
horizontal lifeline or a tracked-mounted trolley rigid rail system could be used as 
the connecting subsystem. 
 
Personnel would attach their lifelines to the connecting subsystem and then walk 
towards the unprotected edges of the Section A roof. The rope grab would be 
moved along the lifeline as workers walk away from the connecting subsystem.  
 
To protect against a significant swing fall hazard along the north and east edges 
of this roof, LJB recommends a series of discrete stanchions located along these 
roof edges. The stanchions would be used by placing the lifeline through a 
carabiner that is attached to the top of the stanchion. The lifeline remains attached 
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to the connecting subsystem and, in the event of a fall, the stanchion acts as a 
pivot point reducing swing fall. 
 
With respect to the residual fall hazard of slipping and falling back down the roof 
slope, ideally the anchorage attachment point would be above the user along the 
upper edge of the headdress. To achieve this, additional redirect stanchions could 
be provided along this edge. To be effective, however, this would require a 
significant number of additional stanchions. Alternatively, the worker could 
maintain a low center of gravity while working in these areas, which would help 
minimize the likelihood of a fall.  
 

Section B Section B Roof Recommendations: 

Two options are available to abate the hazard along the north edge. The first 
option proposes a single-railed guardrail be provided along the north edge. The 
rail could be supported from brackets mounted to the inside face of the parapet. 
This would also set the rail back from the edge of the parapet and make it less 
visually obtrusive. The second option proposes raising the height of the parapet 
with a new two-tier coping. The coping would be details to appear original to the 
building. The geometry of the coping could comply with the April 10, 1990 
proposed OSHA general industry fall protection standard, which requires a 
minimum height 30", but the sum of the parapet height plus width must be at 
least 48". 
 
For the east edge, LJB recommends that this edge be protected by guardrail. The 
guardrail would be detailed to resemble the fins and ribs of steel framework of 
the east portion of the headdress. 
 
An alternative option to protect the east edge would be to utilize the active fall 
protection system described for the Section A roof. 
 

Section C Section C Roof Recommendations: 

The majority of the crossover platform non-conformances can be addressed by 
modifying the stair and platform guardrail and changing the elevation of the 
ladder rungs. These modifications, however, could not address the narrow width 
of the stairs and platforms. This would require the replacement of the crossover 
platforms. 
 
A fall hazard exists along the north edge of this section of roof. Although a 
parapet exists along this roof edge, it is too short to provide adequate protection. 
It is proposed that this edge be safely accessed using a fall restraint system. The 
system would comprise of a full-body harness attached to a fixed length lanyard. 
The lanyard would be connected to a linear anchorage connecting subsystem, 
such as a rigid rail, mounted to the north side of the of the rotunda skylight. 
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Section D Section D Roof Recommendations: 

It is recommended that guardrail and a swing gate be provided around the 
perimeter of the hatch. The guardrail would be arranged to allow personnel to 
climb from the ladder and onto the roof, before walking through a swing gate. 
The swing gate would be self-closing and prevent personnel from accidently 
falling back into the hatch. 
 

Section F Section F Roof Recommendations: 

Given the current infrequency of access, however, no abatements for these 
hazards are proposed at this time.  
 

Section J Section J Roof Recommendations: 

It is proposed that this roof be protected with guardrail.  Access would be 
achieved from the Section E roof via a permanent ladder on the north side of the 
elevator overrun. A swing gate would be provided at the top of the ladder. A 
second means of access to the headdress could also be provided by locating a 
ladder between the Section J and Section A roofs above. An immediate fall 
hazard would, however, be created at the top of the ladder. This could be 
addressed by providing guardrail and a swing gate at the top of the ladder. The 
guardrail, however, would clearly compromise the architectural appearance of the 
building façade. 
  

Rescue OSHA requires that facility owners provide for prompt rescue of employees in 
the event of a fall. Although “prompt rescue,” is not specifically defined by 
OSHA, the word “prompt” requires that rescue be performed quickly and in time 
to prevent serious injury to the employee.  The use of fall arrest systems should 
only be used in conjunction with a planned rescue procedure to ensure prompt 
rescue. 
 
Since self-rescue can rarely be assured, an additional employee should always be 
present in the work area to notify emergency services and/or perform prompt 
rescue.  Therefore, in the event of a fall, SI personnel or outside contractors 
should be promptly rescued by a third party or should be able to perform a self-
rescue or assisted rescue, with emergency response personnel providing 
additional support. 
 
Given the height of the perimeter roof edges to be accessed, special consideration 
must be given to how a prompt rescue would be performed. Ideally an aerial 
work platform would be used; however, consideration must be given to whether 
such an aerial work platform is available or can physically access the work 
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location. For example, the rescue of a fall from the perimeter of the Section A 
roof at the upper headdress could not be performed using an aerial work platform 
from the Section F roof below. 
 
An alternate means of rescue will need to be considered for these roof edges. 
Rope rescue techniques, such a high angle rescue, may be the only viable means 
of achieving access at these heights. Rope rescue is a subset of technical rescue 
that involves the use of kernmantle ropes, anchoring and belaying and rappel 
devices that utilize mechanical advantage to reach victims and safely recover 
them. These techniques should not be attempted by individuals who have not 
been formally trained. 
 

Fall Arrest 
Conclusion 

SI employees are exposed to fall hazards while performing various roof and 
façade maintenance tasks within the CRC. Wherever possible, it is recommended 
that passive systems be used, instead of active systems. Passive systems include 
the use of ground supported scaffolds, aerial work platforms and guardrail.  
 
The CRC is a building of architectural interest and permanent solutions should 
not compromise the aesthetics building. Despite the residual risk associated with 
active systems, they do offer aesthetic advantages over passive systems.  
 
A combination of passive and active controls is proposed for access to the 
currently unprotected roof edges. Passive systems are proposed where they 
cannot be easily seen and will not affect the appearance of the building. The use 
of active systems is limited to the perimeter of the Section A roof of the upper 
headdress. 
 
Personnel who will use the active system to access the upper edge of the 
headdress will require adequate training. System-specific procedures will need to 
be prepared and maintained to ensure the correct use of the system. The system 
will also require ongoing, routine inspections and periodic maintenance. 
Personnel who use and supervise the use of the system will also require refresher 
training classes. 
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Architectural railing 
along lower 
unprotected edge of
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Two-tiered 
parapet extension 



National Museum of the American Indian’s Cultural Resources Center OFEO #1151501 
Replace Roof/Fall Arrest  Cost Estimate 
Conceptual Design Report 

  Page 96 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



National Museum of the American Indian’s Cultural Resources Center OFEO #1151501 
Replace Roof/Fall Arrest  Cost Estimate 
Conceptual Design Report 

  Page 97 

 
  



National Museum of the American Indian’s Cultural Resources Center OFEO #1151501 
Replace Roof/Fall Arrest  Cost Estimate 
Conceptual Design Report 

  Page 98 

 
 Lightning Protection Systems 

 
 
 A new comprehensive lightning protection system design with air terminals 

is recommended for the facility in order to meet NFPA 780 and UL 96A 
standards. The system should be installed by a master certified installer. 
While the roofing revisions are being performed, the CCTV system, 
satellite dishes and radio antennas shall remain undamaged and fully 
functional during repairs. 
 
All roof top mounted equipment with metallic enclosures should be fully 
bonded to the building lightning protection system. 
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 Interiors 

 
General The Scope of Work (SOW) specifies that the assessment of damage to 

interior conditions is to focus primarily on fire rated barriers, walls, or 
floors.  Despite the absence of direct leak evidence on any fire rated 
barriers, a substantial portion of the leak evidence that was observed is in 
very close proximity to fire rated barriers.  Based on our conclusion that 
damage to the fire rated barriers is likely at conditions concealed and/or 
semi-concealed above finished ceilings, we recommend that the project 
anticipate and plan for the need to repair these conditions. 
 
In all instances, visible damage to finished surfaces should be repaired. The 
range of these repairs vary from a fresh coat of paint to cover the water 
stains to replacing damaged ceiling tiles to repairing the gypsum wallboard 
soffits, ceiling and walls in-kind. One benefit of repairing these non-critical 
architectural systems is to distinguish any current/new/future leaks from 
past incidents whose sources have since been remedied 
 
Prior to undertaking the repairs to finished surfaces and as part of the roof 
replacement in the same area, the recommendation is to address the current 
and cyclical issue of condensation resulting from multiple instances of 
improperly executed duct penetrations through the roof above the 
Conservation spaces. While this effort can be independent of the roof work 
in the same area, concurrent work will ensure coordination in the detailing. 
Perennial issues from condensation at these duct penetrations put the 
collection at risk.  
 
To better safeguard the artifacts and minimize risk to the collections within 
the Collections Storage spaces, consideration can be given to developing 
one or more of the following: 
 

 Permanent non-combustible (metal) hoods located over exposed 
artifacts such as totems and canoes, paintings storage  

 A panelized system of staggered ceiling “shingles” that could 
intercept, shed, and contain water deposits in a controlled manner. 

 Accessible ceiling system which would provide an interior surface 
and minimize materials dust or water from being disposed onto the 
collections/storage cabinets. 

  
Note Per discussion with NMAI officials on August 15th, 2011, it was confirmed 

that the SI does not believe there is a need to pursue the above 
recommendations for interior interventions.  Successful remediation of the 
roofing failures is the primary need. 
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Cost Estimate 

As part of this effort a conceptual cost estimate was developed and is included in Appendix C. In 
many instances, several options exist to address each condition. The following is a summary of the 
range of costs for the various scope areas with options as available to address the issues identified 
herein: 
 
Roof Repairs Minimum to Maximum Range of Cost 

Upper Headdress   
Replace in-kind original flat-seam copper roof  $1,650,000 to $1,825,000 

   
Lower Headdress   

Replace with flat-seam copper roof (original 
design intent) 

 $1,425,000 to $1,600,000 

Replace with a fluid-applied resinous system  $625,000 to $800,000 
Replace in like kind with a new MBR system  $500,000 to $675,000 

   
Exterior Sealant Joints – depending upon extent   $15,000 to $150,000 
   
Fall Protection & Roof Access   

Upper Headdress  $75,000 
Lower Headdress  $50,000 
Other Areas  $50,000 
   

Lightning Protection  $40,000 
   

Upper Headdress  $75,000 
Lower Headdress  $50,000 
Other Areas  $50,000 

Interior Repairs   
Wall and Ceiling Repair  $20,000 
Remediate Exhaust Duct Penetrations  $25,000 
Interior interventions at Collections Storage  $75,000 to $100,000 

 
The cost estimate includes general conditions, overhead and profit as well as a contingency. The 
estimate is based upon Summer 2011 construction cost and does not include any escalation.  
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General 

All Smithsonian Institution Facility designs for new, renovation, and/or preservation construction 
shall comply with all applicable federal, state, and local codes, regulations, guidelines and 
standards, including, but not limited to, the following list.  State, local, and utility requirements 
vary depending on the location of the project.  It is the Architect Engineer’s (A/E) responsibility 
to research and comply with all applicable guidelines.  Conflicting requirements shall be brought 
to the attention of the SI Design Manager Contracting Officer Technical Representative Design 
Manager (COTR-DM) immediately, in writing. 
 
The Director, Office of Facilities Engineering and Operations (OFEO) is the Smithsonian Code 
Official and is the authority having jurisdiction for the planning, real estate management, design 
and construction services of the Smithsonian Institution. 
 
The Director, Office of Engineering, Design and Construction (OEDC) is charged with the 
selection of and the compliance with appropriate codes and regulations to serve as minimum 
design standards for facilities at the Smithsonian.  
 
The Director, Office of Safety, Health and Environmental Management (OSHEM) is the 
authority having jurisdiction as defined and used in the National Fire Codes, and is the 
designated S.I. Fire Marshal. 
 

Individual SI offices and museums may have specific standards and guidelines applicable to the 

projects.  Project-applicable guidelines and standards will be provided to the A/E through OEDC, 

when necessary.  Examples include:  Mall Streetscape Manual; Facilities Master Plans; 

Smithsonian public restroom design criteria; utility rebate procedures (per local jurisdiction) 

(OEDC, Office of Facilities Management and Reliability (OFMR); security standards and 

requirements Office of Protection Services (OPS); SI Fire Protection and Life Safety Design 

Manual, sample guide specifications, particularly asbestos and lead abatement, sprinkler systems, 

fire alarms, fire stopping, and others (OEDC, OSHEM).  Also, overseas facilities (for example 

Smithsonian Tropical Research Institute (STRI) will have specific standards and guidelines for 

the specific country. 

 

The A/E shall use all SI provided standards, specifications, or guidelines.  Where SI requests, 

standards, specifications, or guidelines conflict with current codes and/or industry standards, the 

A/E shall so inform the SI Design Manager (COTR-DM).  The most stringent requirement will 

govern, unless notified otherwise.  The A/E must verify that information contained in any SI-

supplied guide specifications is up-to-date and accurate.  Ultimately, the A/E is responsible for 

all information provided on the drawings and in the specifications. 

 
Model Codes as applicable for all Smithsonian Institution Facilities: 
 
 Note:  Applicable codes shall be those that have been published as of the date of the 

contract for design services.  If more than three years elapse from the date of the 
contract for design services to the date of the 100% Construction Document (CD) 
submission, the A/E will be required to inform the Design Manager of any impact 
that the changes will have in the design.  If there are major impacts in the design 
the A/E contract will be modified to conform the 100% CD’s to the codes 
published as of the date of the 100% submission and shall inform the Design 
Manager of any construction cost impact from the changes.  
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  For large projects where the design might last several years the A/E shall be 
instructed to do a new code review at the 35%, 65% and the 95% design stages 
and revise the drawings if necessary to meet any new important code revision.  

 
International Code Council (ICC) Model Codes including: 

• 2009 International Building Code (IBC) 
• 2009 International Existing Building Code (IEBC) 
• 2009 International Energy Conservation Code (IECC) 
• 2009 International Fire Code (IFC) 
• 2009 International Mechanical Code (IMC) 
• 2009 International Plumbing Code (IPC) 
 

National Fire Protection Association (NFPA) including  
• 2010 Standard for the Installation of Sprinkler Systems (NFPA 13) 
• 2011 National Electric Code (NFPA 70) 
• 2010 National Fire Alarm (NFPA 72) 
• 2009 Life Safety Code (NFPA 101) 
• 2010 Code for the Protection of Cultural Resource Properties (NFPA 909) 
• 2010 Code For Fire Protection for Historic Structures (NFPA 914) 
• All other applicable NFPA chapters, codes, standards, and recommended practices  

 
Performance Based Design Standards 

• 2007 SFPE Engineering Guide to Performance Based Fire Protection, 2
nd
 Edition 

• 2009 International Code Council Performance Code for Buildings and Facilities 
(ICCPC) 

• 2009 NFPA 101, Chapter 5 
 
Note:  Recommended Practices and Appendices within NFPA documents shall be 
considered requirements.  Where conflicts arise between ICC Model Codes and 
NFPA documents, the most stringent shall apply, unless otherwise directed by the SI. 

 
Smithsonian Standards and Guidelines: 

 
Smithsonian Directive 414 SI Energy Management Program and Water Supply 
Emergency Plan  
 
Smithsonian Directive 418 SI Historic Preservation Policy (SD 418)  
 
Smithsonian Directive 419 SI Safety and Health Program (SD 419)  
 

 Smithsonian Directive 422 SI Sustainable Design of Smithsonian Facilities (SD 422) 
 

Smithsonian Accessibility Guidelines including 

Note: SGAD is currently under revision to remove out of date references.  SGAD 

scoping that provides the greatest accessibility for public and staff and exceeds both 

the ADA Standards for Accessible Design (ADAAG) and General Services 

Administration (GSA) Architectural Barriers Act (ABA) Accessibility Standard for 

Federal Facilities remains in force.  

• Smithsonian Guidelines for Accessible Design (SGAD)   

• Smithsonian Institution ADA Compliant Intercom Performance Specifications 

• SI Checklist for Accessible Information Desks 

• Smithsonian Guidelines for Accessible Exhibition Design (SGAED) 
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Smithsonian Office of Chief Information Officer (OCIO) Technical Standards and 

Guidelines including 

• Cabling Standards, IT-960-TN14 

 

Smithsonian Office of Protection Services (OPS) 

• Smithsonian Institution Security Design Criteria Dated March 27 2009 

• Smithsonian Institution Security System Base Specifications Sections 1-7 

• Exhibit Case Construction and Alarming Design Dated December 3, 2004 

(Revised March 29, 2006) 

 

Smithsonian Office of Safety, Health, and Environmental Management (OSHEM) 

• Fire Protection and Life Safety Design Manual 
 
Other Guidelines, Codes, Regulations and Local Utility Requirements: 

 

Sustainability  

•  US Green Building Council LEED Rating Systems-2009 Rating System 
 
2010 Safety Code for Elevators and Escalators (ANSI/ASME A17.1) 
 
DCWASA (District of Columbia Water and Sewer Authority)-Local Utility for DC 
 
 
 
 
 
District of Columbia Regulations on Outdoor Noise- District of Columbia Municipal 

Regulations Chapter 20-27 Noise Control 
State and Local Occupational Safety and Health Agencies- OSHA Regulations 

(Standards- 29 CFR)   
State and Local Environment Protection Agencies- EPA 

 
Federal Government Legislation, Regulations, Standards and Guidelines: 

 
Accessibility - Where conflicts arise between ADAAG and GSA ABA documents, the 
most stringent shall apply (that which provides the greatest accessibility for public and 
staff), unless otherwise directed by the SI  

• 2010 ADA Standards for Accessible Design (ADAAG) 
• General Services Administration (GSA) Architectural Barriers Act (ABA) 

Accessibility Standard for Federal Facilities (effective February 6, 2007 for leased 
facilities) 

 

 
Occupational Safety and Health Administration (OSHA) 
•     All standards and regulations (Standards- 29 CFR) 

 
 

1969 National Environmental Policy Act (NEPA)- last amended December 31, 2000 
• All Council of Environmental Quality (CEQ) regulations when requested by a 

Federal agency partner, who has jurisdictional or approval authority over an SI 
project. 
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US Environmental Protection Agency (EPA):   

• All regulations referencing asbestos, lead, PCB’s, waste water, underground 
storage tanks, hazardous materials disposal, etc. 

• 1976 Toxic Substances Control Act- last amended December 31, 20021970 Clean 
Air Act, to include National Emissions Standards for Hazardous Air Pollutants- 
last amended February 24, 2004 

• 1977 Clean Water Act- last amended November 27, 2002 
• 1976 Resource Conservation and Recovery Act- last amended December 31, 2002 
• 1980 Comprehensive Environmental Response, Compensation and Liability Act 

(CERCLA) - last amended December 31, 2002 
 
 
 
National Earthquakes Hazard Reduction Program 

• Executive Order 12699, Seismic Safety of Federal and Federally Assisted or 

Regulated New Building Construction, 55 FR 835- January 5, 1990 

 

Federal Energy Management Guidelines: 

• Public Law 109-58 - Energy Policy Act of  2005 

• Public Law 110-140 - Energy Independence and Security Act of 2007 (EISA 

2007) 

• Executive Order 13221 - Energy Efficient Standby Power- August 2, 2001 

• Executive Order 13423 - Strengthening Federal Environmental, Energy, and 

Transportation Management-January 24, 2007 

• 10 CFR 436 - Federal Energy Management and Planning Programs (2004) 

• 42  USC Chapter 91 - National Energy Conservation Policy (02/01/2010) 

 

   
Federal Emergency Management Agency (FEMA) Publications: 

• FEMA 178, the NEHERP Handbook for the Seismic Evaluation of Existing 
Buildings, last updated October 2006 

 
Federal Archeological and Historic Preservation Legislation and Regulations including 
but not limited to the National Historic Preservation Act as amended and the following 

• Public Law 108-72 - Smithsonian Facilities Authorization Act August 15, 2003 
• Secretary of Interior's Standards and Guidelines for Archeology and Historic 

Preservation (As amended and annotated by the National Park Service)  
• Secretary of Interior's Standards for Rehabilitation (36 CFR 67)- June 3, 1997 
• Secretary of Interior's Standards for Treatment of Historic Properties (36 CFR 

68)- July 12, 1995 
• Secretary of Interior's Standards for Treatment of Historic Properties with 

Guidelines for Preserving, Rehabilitating, Restoring and Reconstructing Historic 
Buildings, 1995 
 

US Department of Housing and Urban Development (HUD) 
• Guidelines for the Evaluation and Control of Lead-Based Paint- June 1995 

 
Inter-Agency Security Criteria (ISC) 
 
Sustainability 
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• US Department of Energy (DOE)  

o High Performance Buildings: 

http://www.eere.energy.gov/buildings/highperformance/ 

o Federal Energy Management Program’s Sustainable Design & Operations: 

http://www1.eere.energy.gov/femp/sustainable/   

o Building Technologies Program 
• The National Institute of Building Sciences: Whole Building Design Guide 
• US DOE and US EPA - Energy Star program  

 
National Institute of Standards and Technology 
 

 
Industry Standards and Guidelines: The A/E shall determine the applicability of the Standards 

and Guidelines necessary to meet SI Design criteria and submit them for SI review and 
approval 

 
American Society of Testing and Materials (ASTM): All codes, standards, guidelines and 
recommended practices including 

• ASTM Standards in BUILDING CODES 
 
American National Standard Institute (ANSI) 
 
American Concrete Institute Manual of Concrete Practice 
 
 
 
Concrete Reinforcing Steel Institute (CRSI) Manual of Standard Practice 
 
American Institute of Steel Construction Specifications & Codes 
 
American Welding Society Standards 
 
National Forest Products Association (NFoPA) 
 
 
American Society of Mechanical Engineers (ASME) 
 
American Society of Plumbing Engineers (ASPE) 
 
American Society of Heating, Refrigerating & Air Conditioning Engineers (ASHRAE): 
All codes, standards, guidelines and recommended practices including 

• ASHRAE Advanced Energy Design Guides 
• ASHRAE GreenGuide 

 
Sheet Metal and Air Conditioning Contractors National Association (SMACNA): All 
codes, standards, guidelines and recommended practices including 

• Architectural Sheet Metal Manual 
• Standard Practice in Sheet Metal Work 
• HVAC Systems-Duct Design, 4th Edition 
• HVAC Duct Construction Standards – Metal and Flexible 

 
National Electrical Manufacturers Association (NEMA) 

 
National Electrical Contractors Association (NECA) 
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American Conference of Government Industrial Hygienists (ACGIH) 
 
Illuminating Engineering Society of North America (IESNA): All codes, standards, 
guidelines and recommended practices including 

• IESNA Lighting Handbook 
 
National Roofing Contractors Association (NCRA): All codes, standards, guidelines and 
recommended practices including 

• The NRCA Roofing and Waterproofing Manual 
 
National Sanitary Foundation Standards 
 
Electronic Industries Alliance / Telecommunications Industry Association (EIA/TIA): All 
codes, standards, guidelines and recommended practices including 

• EIA/TIA Standard 568 
• EIA/TIA Standard 569 
• EIA/TIA Standard 606 
• EIA/TIA Standard 607 

 
Factory Mutual Systems FM Approval Guide and Data Sheets 
 
Underwriters' Laboratory (UL) 
UL 681:  Installation and Classification of Burglar and Holdup Alarm Systems 
 
Building Commissioning Association 

 

End of Document 
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Mezzanine Level – Diagram of Interior Observations 
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Smoke Enclosures 

KEY TO FIRE WALLS 

All floor decks to be 1-1/2-hour rated 
UL Design J201 (waffle slabs) or J900 
(flat slabs) unless noted otherwise. 

Active/Recent Leaks on Ceiling 

Inactive/Residual Leaks on Ceiling 

Inactive/Residual Leaks on Ceiling & Walls 

KEY TO LEAKS 

Inactive/Residual Leaks over Large Surface 
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Project: CRC Smithsonian - Roof B E C K E R  &  F R O N D O R F
Number:11085E1R4 Construction Cost Consulting   Project Management 

Client: Hartman-Cox Architects
Date: July 21, 2011; Rev September 27, 2011
Phase: Concept

ESTIMATE SUMMARY

CODE DESCRIPTION COST 

A Copper Roofing 10,110               SF $125 $1,260,960
B MBR - 1/Replace Exist. MBR w/ New MBR 12,400               SF $31 $378,200
C Fall Protection @ Roof Sections A/B/C/D & J $125,000
D Misc. $170,150

Subtotal $1,934,310
General Conditions / O. H. & P. 15.0% $289,690
Bond 1.0% $22,000
Contingency 15.0% $337,000

Total $2,583,000

Notes:
Costs are expressed in current, Summer 2011 dollars.
Hazmat remediation is excluded.

Alternates (Options):
E MBR - 2/Replace Exist. MBR w/ New Copper Roof 1                        LS Add $1,428,000
F MBR - 3/Replace Exist. MBR w/ New Fluid-applied 1                        LS Add $108,000
G Replace Plywood Deck & Slippers @ MBR Roof 1                        LS Add $191,000

 .



ESTIMATE Proj: CRC Smithsonian - Roof 
Date: July 21, 2011; Rev September 27, 2011

CODE DESCRIPTION QUANTITY UNIT UNIT COST COST 

A Copper Roofing

 A1 Temporary Fall Protection Allowance 1                        LS 15,000.00 15,000
 A2 Demolition - Removal of Existing  Copper Roof 10,110               SF 1.00 10,110
 A3   - Removal of Rosin Paper & Felt 10,110               SF 0.25 2,530
 A4 Decking - Installation of Add'l 3/4" FRT Plywood 10,110               SF 4.00 40,440
 A5 Substrate - Rubberized Asphalt & Rosin Paper 10,110               SF 1.50 15,170
 A6 Roof - New Flat Seam Copper Pan Roof 10,110               SF 110.00 1,112,100
 A7   - Battens/Treated Wood/2x2 460                    LF 3.50 1,610
 A8   - New Knee Wall @ Original Gutter Locations 180                    LF 100.00 18,000
 A9   - Edge Copper/Cap/Drips/Etc. 310                    LF 50.00 15,500
 A10 Misc Mtl - Edge @ Copper to MBR Transition 210                    LF 50.00 10,500
 A11   - Misc Sheet Metal Repairs/Seams/Etc. 1,000                 LF 20.00 20,000

Subtotal $1,260,960

B MBR - 1/Replace Exist. MBR w/ New MBR 

 B1 Temporary Fall Protection Allowance 1                        LS - w/ Copper Roofing 
 B2 Demolition - Removal of Existing MBR Roof 12,400               SF 1.50 18,600
 B3 Decking - Installation of Add'l 3/4" FRT Plywood 12,400               SF 4.00 49,600
 B4 Roof - New MBR Roof & Flashing 12,400               SF 25.00 310,000

Subtotal $378,200

C Fall Protection @ Roof Sections A/B/C/D & J

 C1 Section A - Discrete Stanchions @ North & East 8                        EA 1,250.00 10,000
 C2   - Cable  "Life Line" Sys/w/ Stanchions/20' OC 300                    LF 150.00 45,000
 C3 Section B - Guardrail @ North/Anchored to Parape 50                      LF 300.00 15,000
 C4   - Guardrail @ Bottom of Section/Anchored to Wa 60                      LF 300.00 18,000
 C5 Section C - Modify Platforms/Ladder/per Location 2                        EA 6,500.00 13,000
 C6   - Lanyard w/ Linear Anchorage Railing 50                      LF 200.00 10,000
 C7 Section D - New Railing @ Roof Hatch 10                      LF 250.00 2,500
 C8 Sections E/F/G/H/I 1                        LS - NIC 
 C9 Section J - Access Ladder Between Roofs E & J/1 1                        EA 2,500.00 2,500
 C10   - Guardrail @ Roof 30                      LF 300.00 9,000

Subtotal $125,000

D Misc. 

 D1 Lightning Protection  - New System/Allowance 70,500               SF 0.30 21,150
 D2 Exterior - Sealant Joint Replacement/Assume @ 2 2,400                 LF 25.00 60,000
 D3   - Temp Protection/Swing Scaffolding/Etc/Allowan 1                        LS 50,000.00 50,000
 D4 Interior - Water Damage/Repair Allow/4 SF/per Lo 20                      EA 750.00 15,000
 D5 Rework exhaust duct penetrations thru IRMA roof 16                      EA 1,500.00 24,000

Subtotal $170,150



ALTERNATE Proj: CRC Smithsonian - Roof 
Date: July 21, 2011; Rev September 27, 2011

CODE DESCRIPTION QUANTITY UNIT UNIT COST COST 

E MBR - 2/Replace Exist. MBR w/ New Copper Roof

 E1 Delete - Base Bid MBR - 1 (1)                      LS 378,200 (378,200)
 E2 Add - Demolition/Removal of Existing MBR Roof 12,400               SF 1.50 18,600
 E3   - Decking/Installation of Add'l 3/4" FRT Plywood 12,400               SF 4.00 49,600
 E4   - Substrate/Rubberized Asphalt & Rosin Paper 12,400               SF 1.25 15,500
 E5   - Roof/New Flat Seam Copper Pan Roof 12,400               SF 110.00 1,364,000
 E6 0

Subtotal $1,069,500
General Conditions / O. H. & P. 15.0% $160,500
Bond 1.0% $12,000
Contingency 15.0% $186,000

Total - MBR - 2 $1,428,000

F MBR - 3/Replace Exist. MBR w/ New Fluid-applied

 F1 Delete - Base Bid MBR - 1 (1)                      LS 378,200 (378,200)
 F2 Add - Demolition/Removal of Existing MBR Roof 12,400               SF 1.50 18,600
 F3   - Decking/Installation of Add'l 3/4" FRT Plywood 12,400               SF 4.00 49,600
 F4   - Substrate/Recovery Board/1/2" 12,400               SF 1.50 18,600
 F5   - Roof/Fluid-applied/Assume Acrylic Rubber 12,400               SF 30.00 372,000
 F6 0

Subtotal $80,600
General Conditions / O. H. & P. 15.0% $12,400
Bond 1.0% $1,000
Contingency 15.0% $14,000

Total - MBR - 3 $108,000

G Replace Plywood Deck & Slippers @ MBR Roof

 G1 Demolition - Removal of Existing MBR Roof 12,400               SF - w/ Base Bid 
 G2   - Removal of Existing Decking 12,400               SF 1.50 18,600
 G3   - Removal of Existing Sleepers 12,400               SF 1.50 18,600
 G4 Structural - Installation of New Sleepers 12,400               SF 4.50 55,800
 G5 Decking - Installation of (2) 3/4" FRT Plywood 12,400               SF 4.00 49,600
 G6 0

Subtotal $142,600
General Conditions / O. H. & P. 15.0% $21,400
Bond 1.0% $2,000
Contingency 15.0% $25,000

Total - Alternate $191,000

 .
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