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Museum Projects

The Art  of Structural Engineer ing

Dallas Museum of Art 
Expansion & Renovation
Dallas, Texas
Design Architect:  Nieto Sobejano Arquitectos 
Architect of Record:  Perkins&Will
New gallery on the existing roof, a new roof ter-
race and various renovations
2027

Alamo Museum and Visitor's Center
San Antonio, Texas
Design Architect: Gensler
New visitor center and museum will combine 
footprint of the three buildings totaling 70,000 sq. 
ft. over three floors with rooftop addition of one 
level. 15,000 sq. ft. of additional indoor and out-
door space.
$130 Million
2024

UTD Phase I of the O'Donnell Athenaeum
Richardson, Texas
Design Architect: Morphosis
Local Architect: GFF
The new 57,000 sq. ft. building includes offices, 
classrooms, art library, art storage and gallery space
$42 Million
2023

Alamo Exhibit Hall & Collections Building
San Antonio, Texas
Design Architect: Gensler
2 stories, 24,000 sq. ft.
Includes a 10,000 sq. ft. exhibit space to display 
the $15.5 million Phil Collins Collection.
$15 Million
2022

Dallas Arboretum 
Dallas, Texas
Design Architect: Marlon Blackwell Architects
9,500 sq. ft. building overlooking White Rock Lake
2019

Texas Tech Universiteum
Lubbock, Texas
Design Architect: Morphosis
Architect of Record: GFF
40,000 sq. ft. of gallery space, a community 
engagement center, laboratories, work areas, 
and storage facilities.
$100 Million

Dallas Holocaust and Human Rights Museum
Dallas, Texas
Design Architects:  Omniplan
The 52,300 sq. ft. building includes two 50-seat 
classrooms, exhibit spaces, lobby, common 
areas, and an auditorium on the first floor.
2019

Rockport Center for the Arts
Rockport, Texas
Design Architect: Lake|Flato
2020

Cattle Raisers Museum Renovation
Ft. Worth, Texas
Design Architect: BBP Architects
8,000 sq. ft. of renovations
2016

Witte Museum
San Antonio, Texas
Design Architect: Lake Flato
40,000 sq. ft. addition, 37,000 sq. ft. renovation
LEED Gold
$19 Million
2016

The DoSeum
San Antonio, Texas
Design Architect: Lake|Flato
70,000 sq. ft. 
LEED Gold
$45 Million
2015

Perot Museum of Nature & Science
Dallas, Texas
Design Architect: Morphosis
Consulting Architect: GFF
Joint Engineer: John A. Martin & Associates
7 stories, 180,000 sq. ft. 
Four Green Globes 
LEED Gold
2013

Marine Education Center at the Gulf Coast 
Research Laboratory
Ocean Springs, Mississippi
Design Architect: Lake|Flato
$10 Million
32,000 sq. ft. 
2014
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Naples Botanical Garden Visitor Center
Naples, Florida
Design Architect: Lake|Flato
Visitors center and cafe
LEED Gold
$6.8 Million
2014

The Witte Museum 
Research & Collections Center Building
San Antonio, Texas
Design Architect: Lake|Flato
25,000  sq. ft. renovation
2013

Rory Meyers Children's Adventure Garden
The Dallas Arboretum
Dallas, Texas
Design Architect: Dattner Architects 
Civil Engineer: Pacheco Koch 
Discovery Center 8,000 sq. ft. building.                                        
Texas Skywalk 290-foot long architecturally-
exposed structural steel bridge that connects the 
Discovery Center roof to the exposed concrete-
and-steel elevator tower platform in the center of 
the garden space.
2013

Briscoe Western Art Museum
San Antonio, Texas
Design Architect: Lake|Flato
Renovation of a 1930’s 4 story, 32,000 sq. ft. 
library to convert to an art museum. 
Located on the Riverwalk.
2012

Sixth Floor Museum 
Visitors Center Expansion
Dallas, Texas
Design Architect: Booziotis
2012

Fort Worth Museum of Science & History
Fort Worth, Texas
Design Architect: Legorreta & Legorreta
Architect of Record: Bennett Benner Partners
166,000 sq. ft.
$40 Million
2009

The Chickasaw Cultural Center
Sulphur, Oklahoma
Design Architect: Overland Partners 
The cultural center is a 105,000 sq. ft. building 
that helps to represent the story and history of 
the Chickasaw Nation. The building is open with 
wide spaces and two central courtyards. There 
are permanent and rotating art, historical and 
educational exhibits.
2008

Old Red Museum 
Clock Tower Reconstruction 
Dallas, Texas
Design Architect: James Pratt
$8 Million
2007

Dallas Garden Center at Fair Park
Dallas, Texas
Design Architect: James Pratt

Dallas Museum of Art Renovation
Dallas, Texas
Design Architect: Gluckman Mayner
Renovated gallery, ramp & stairs, theater, office, 
classroom 1 & 2, horchow auditorium, focus 
vestibule & gallery  
2007

UT Blanton Museum of Art
Austin, Texas
Design Architect: Kallmann McKinnell & Wood
Architect of Record: Booziotis 
120,000  sq. ft. gallery building connected by a 
tunnel to a 60,000 sq. ft. building with cafeteria, 
bookstore and administration.
2006 (Phase 1) 
2008 (Phase 2)

Nasher Sculpture Center
Dallas, Texas
Design Architect: Renzo Piano 
Architect of Record: Beck
Client: Nasher Foundation
(Joint Venture with Arup London)
2003
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Amon Carter Museum
Fort Worth, Texas
Design Architect: Philip Johnson
Architect of Record: Jacobs
Project Manager: Linbeck Construction Company
Partial demolition, reconstruction and expansion 
of existing building creates a 110,000 sf, 3 story 
museum.  Existing basement walls, floors and 
foundations were strengthened to accept new floors.
$28 Million
2001

National Cowgirl Museum & Hall of Fame
Fort Worth, Texas
Design Architect: David Schwarz
Architect of Record: Bennett Benner Partners
Client: Sundance Development Group
2001

The Women’s Museum
Dallas, Texas
Design Architect: Wendy Evans Joseph
Architect of Record: SmithGroupJJR (F&S Partners)
(Designed in conjunction with Charles Gojer) 
2000

Trammel Crow Asian Art Museum
Dallas, Texas
Design Architect: Booziotis 
1998

Chapel of St. Ignatius, Seattle University
Seattle, Washington
Design Architect: Steven Holl
1996

Lower Colorado River Authority Museum
Kingsland, Texas
Design Architect: STG Design
1994

American Museum of Miniature Arts Renovation
Dallas, Texas

Texas Discovery Garden
Dallas, Texas
Design Architect: Oglesby Greene

Sixth Floor Museum
Texas School Book Depository
Dallas, Texas
Design Architect: Burson & Williams 
1987

Thanks-Giving Square Chapel & Museum
Dallas, Texas
Design Architect: Philip Johnson and Burgee
1976

Texas State History Museum 
Construction Management Services
Austin, Texas
Client: Thomas S. Byrne



UTD Crow Museum at O’Donnell Athenæum
Richardson, Texas

Design Architect:  Morphosis

Local Architect: GFF

56,600 sq. ft.

The new 56,600 sq. ft. project includes the Crow Museum, a 600 seat performance hall and the Traditional Arts of the 
Americas Museum all connected by an art plaza.  The project also includes a 1100 car parking garage.  The building 
will include interior and exterior event spaces, galleries, library and reading room, seminar rooms, conservation lab, 
art storage, offices and loading dock.  This modern building will enrich the student experience by fostering art on the 
campus and enhance the campus environment, and will bring new visitors to the campus to come and see the latest 
in artistic and cultural innovation. 



Dallas Holocaust and Human Rights Museum
Dallas, Texas

Design Architect:  Omniplan

52,300 sq. ft. exhibition space, performing arts auditorium, community lobby, reflection space, education spaces, 
library archives, administration offices, and a public plaza.



Perot Museum of Nature & Science
Dallas, Texas

Design Architect:  Morphosis
Consulting Architect:  Good Fulton & Farrell
Joint Engineer:  John A. Martin & Associates
Four Green Globes 
LEED Gold

The museum is a center for education, exploration, and discovery.  The approximately 150,000 sq. ft. facility features 
lively exhibits, vivid contextual displays of the Museum’s collections, the latest technology, multimedia presentations, 
and hands-on activities.  The facility offers dynamic exhibits on topics ranging from dinosaurs to DNA.  The Museum 
introduces new public programming for adults and families that will complement and enhance exhibitions and other 
museum activities as well as specialty programming that encourages school-aged children to pursue careers as 
scientists, educators, researchers, and engineers.  Programming includes hands-on exploration areas, discovery 
stations, ongoing workshops, demonstrations, lectures and symposia, field trips, labs, ArtsReach programming, a 
teacher development center, a mobile learning lab, after-school classes, special interest clubs, summer study, and 
travel programs.  Technology-based programming includes web site activities, interactive media in exhibits, and 
distance and online education programs.

2016 AIA Institute Honor Award for Architecture

2014 National AIA TAP Award, Jury's Choice

2013 CRSI Design Awards



Fort Worth Museum of Science and History
Fort Worth, Texas

Design Architect: Legorreta & Legorreta

Architect of Record: Bennett Benner Partners

166,000 Sq. Ft.

$65 Million

2009

The 166,000 SF museum has many exhibit spaces, classrooms and dining areas. Three unique structures are 
incorporated into the design. The new domed Noble Planetarium is a state of the art facility to view the stars. The 
Energy Gallery roof is a huge cantilever over a ribbon window that “appears” to be supported by glass. And, the main 
entrance is an 80 foot tower we call the “Urban Lantern”. This will be an icon for the complex. The top of the tower 
consists of a glowing glass box that can be seen for miles around. The Fort Worth Museum is a World Class Facility and 
will be a source of pride for the city, museum staff and the designers for years to come.



Old Red Museum 
Dallas, Texas

Design Architect:  James Pratt Architecture/Urban Design

We have performed structural modifications to this 1892 building since the 1980's. It has been through many 
occupants during that time. The last renovation converted the building into the Museum of Dallas County History & 
Culture.

There were many clay tiles that fell out of the flat arch masonry floor over a period of about 20 years. We ultimately 
found that the contractor had left out, of the flat arch, the required horizontal reinforcing steel. We developed 
techniques to work around this omission and load tested the floors and ceilings to confirm the strength of the floor 
was appropriate for a museum. The old original bell tower was removed in the 1920’s due to “structural defects”.   
We took old photographs of the bell tower and blew them up to scale so we could determine the actual physical 
properties of the tower. We found it was indeed undersized.  In 2005, we replaced the bell tower to its original 
appearance with added structural steel strengthening on the inside.  Most people had never seen the bell tower 
since it had been down for over 85 years. It is an exact replica of the original bell tower that we could make, even 
though it was structurally undersized.
 
There was considerable steel rust and wood damage on the roof that we inspected and had repaired. We added 
stairs and elevators to bring it up to code which required considerable structural modifications. 



Nasher Sculpture Center
Dallas, Texas

Design Architect: Renzo Piano 

Architect of Record: Beck

( Joint Venture with Arup London)

The Nasher Sculpture Center, Ray Nasher’s $80 Million gift to the city of Dallas, rests at the southwest end 
of downtown and the Arts District, providing a green haven in the city’s urban  core.

Architect Renzo Piano of Italy was commissioned to design the facility, along with local architect Beck and 
the international engineering firm Arup. Datum provided local structural consulting services throughout 
the design process, working closely with Arup’s engineers and the architects. We also designed foundation 
elements and much of the site structures, as well as the James Turrell space at one end of the garden.



The DoSeum
San Antonio, Texas

Design Architect: Lake|Flato

70,000 Sq. Ft.

$45 Million

2015
LEED Gold

The DoSeum is a children’s museum in San Antonio. The exposed structural steel, bar joist, and tilt wall panels--inside 
and out--are a part of the museum experience. The tilt wall is the “bones” of the building and many tilt wall panels 
were left exposed to view on the inside as well. The combination of exposed steel and tilt wall concrete was selected 
for economics and architectural expression. The project includes 104,000 sq. ft., including the exterior spaces. The 
building produces 30% of its energy and 98% of its construction waste was recycled.



The Witte Museum
San Antonio, Texas

Design Architect:  Lake|Flato

40,000 sq. ft. addition, 37,000 sq. ft. renovation

2016 

LEED Gold



Briscoe Western Art Museum
San Antonio, Texas

Design Architect:  Lake|Flato

This project consisted of a new 3 
story addition adjacent to an existing 
historic building. The existing building 
was renovated for museum space. The 
primary structural design work in the 
existing building consisted of adding 
two floors and a grand stair within the 
large atrium. We added a freight elevator 
and major mechanical equipment on 
the existing roof. We constructed an 
electrical room in the basement for the 
power company. 
 
The new addition is a steel structure with 
an architectural exposed steel roof structure and overhangs the low roofs. We worked closely with the Architect to 
develop the details of the exposed steel roof trusses. The concept includes a bridge visually separating the additions 
from the existing building.



Naples Botanical Garden Visitor Center
Naples, Florida

Design Architect: Lake|Flato

160-acre botanical garden visitor center, cafe, and birdwatch tower

$6.8 Million

2014
LEED Gold



The Chickasaw Cultural Center
Sulphur, Oklahoma

Design Architect:  Overland Partners

The cultural center is a 105,000 sq. ft. building that helps to represent the story and history of the Chickasaw Nation.   
The building is open with wide spaces and two central courtyards.  There are permanent and rotating art, historical 
and educational exhibits.  

WoodWORKS – Wood Design Engineering Award 2012



UT Blanton Museum of Art
Austin, Texas

Design Architect: Kallmann, McKinnell & Wood 
Architect of Record: Booziotis & Company
2 Buildings, 150,000 Sq. Ft.
$55 Million
2005

The long-awaited Blanton Museum project broke ground in 2003 with a monumental design by designer Kallmann 
McKinnell & Wood.  The two buildings form a new gateway to the south face of the UT Austin campus, bookending 
Congress Avenue opposite the State Capitol 5 blocks away, and standing diagonally across from the new State History 
Museum.

The design features a grand scale building clad in native shell limestone with granite accents, and the requisite red-tile 
pitched roof.  It houses masterworks from the Suida-Manning collection of Baroque and Renaissance art, along with 
world-class collections of prints and drawings, a Latin American collection, and a contemporary/American gallery.

Natural light is an important design element, which challenged Datum's engineers to innovate a complex system of 
non-parallel alternating sawtooth steel trusses that allow light into the trapezoidal atrium.  Thorough coordination 
was required to marry the structure with the complex system of reflectors that diffuse light into the galleries.

A 25'-deep basement under the entire footprint houses the extensive mechanical systems.  A structural grid of 25' 
was selected for economy and regularity after an exhaustive framing selection process that investigated numerous 
systems with spans up to 80'.  Cast-in-place columns and wide pan joists frame the structure, which has 22' tall 
stories.  The floors were designed for a live load of 250 psf to accommodate forklifts and heavy artwork moving 
around the building.



Amon Carter Museum
Fort Worth, Texas

Design Architect: Philip Johnson/Alan Ritchie Architects

Architect of Record: Jacobs

2001

Renowned architect Philip Johnson designed the original exhibit space for the Amon Carter art collection in 1961 on 
a wedge-shaped piece of land in what has become the Fort Worth Arts District. Subsequent additions behind the 
original building filled the wedge-shaped piece of property with a series of 2-story building segments and courtyards, 
but eventually left the collection without adequate space for exhibits and curatorial support, and little opportunity 
for expansion.

In the mid-1990’s, the Carter family insisted that only Philip Johnson could be trusted to fulfill the promise this site 
held for their collection. The new scheme called for the demolition of all but the original masterpiece “jewel box” 
building, and the construction of a new 4-story structure that would fill the wedge-shaped property, tripling the 
space for exhibits, and creating adequate support space for a modern museum.

The new design would create a solemn dark granite monolith behind the jewel box, with a single central “beacon,” or 
light monitor over a central atrium, as the lone adornment.

To maximize the value of the new building, we analyzed the existing structure on the site to determine how much of 
it could be re-used within the expansion program. We were able to salvage much of the 2-story basement and the 
basement floor, as well as walls and some of the below-grade mechanical spaces in the process.

This is a complete museum with galleries, auditorium, office space, art storage, vaults, cold storage, freight docks, 
photo studio, art restoration and processing, reading room, museum store and library. As a result, almost every type 
of structural loading that could occur in a museum can be found in the Amon Carter. Concerns for vibration and 
sound transmission to the auditorium were addressed. Cold storage insulation, concerns for moisture protection of 
art storage vaults in case of plumbing leaks or worse, and compact file areas impacted the structural design.



Chapel of St. Ignatius 
Seattle, Washington

Design Architect: Steven Holl

This project, constructed of standard tilt-wall construction was awarded one of the 8 National AIA Design 
Awards in 1998 and was awarded the AIA 25-Year Award for Design Excellence in 2022.

Although not a museum, the construction and finishes are museum-quality. The budget was extremely tight but 
the desired quality was extremely high. Working closely together, the Steven Holl and Datum team conceived the 
use of stained tilt-wall concrete panels to build the shell of the structure, which allowed the architect to focus on 
the interior space and finishes. The result is an incredibly inspiring spiritual space.

At the exterior, the design team paid close attention to the joints of the concrete panels and used unconventional 
shapes to create a magnificent building shell. Lifting inserts for the panels were highlighted with brass buttons in 
the finished product.

Datum’s knowledge of precast detailing and our spirit of collaboration in the design process allowed Steven Holl to 
create a beautiful building with a simple construction concept.



Thanks-Giving Square  
Dallas, Texas

Design Architect:  Philip Johnson

Thanks-Giving Square Chapel is truly a unique structure.  The structural shell consists of a 176’- long, coiled 
cantilever concrete wall, which creates a dramatic and beautiful space for the stained glass ceiling.

The use of bush-hammered white cement concrete with a specially selected quartz aggregate allowed 
the structure to be exposed as the finished exterior surface of the building.  This made it critical that 
we address the design and structural stresses to prevent cracking.  We also worked hard to eliminate 
reinforcing congestion, which can lead to honeycombing in the exposed structural finish.

Datum worked closely with designers John Burgee and Bob Kirk to create the desired geometry, look, and 
feel of this complex structure, and used our knowledge of structural design and construction practices to 
help create a timeless building.



The Women’s Museum
Dallas, Texas

Design Wendy Evans Joseph

Architect of Record: SmithGroupJJR

(Designed in Conjunction with Charles Gojer) 

2000

The Women’s museum at the State Fair of Texas was one of the original fair grounds building that was constructed in 
1907. This building had severely decayed due to the lack of occupancy for several years. Large gaping holes existed 
in the wood roof deck. Steel was rusted, large areas of the exterior masonry wall had collapsed and the rest of the 
masonry was cracked. The foundation had a differential settlement of 7”.

This required a survey of the  building’s  condition  and to make recommendations on how to repair the damage 
and stabilize the foundations. There was only a small budget available for repairing the building as the funds were 
allocated to the displays and functional improvements of the interior.

We ultimately recommended a solution  to  stabilize the foundations and prevent future movement. We surveyed 
and repaired the wood deck, rusted steel and masonry walls as required. We cut control joints into the remaining 
masonry walls.

The end result was a beautiful new museum with no signs of its previous deteriorated condition.



National Cowgirl Museum and Hall of Fame
Fort Worth, Texas

Design Architect: David Schwarz

Architect of Record: Bennett Benner Partners

2001

The National Cowgirl Museum and Hall of Fame occupies a site adjacent to the famed Will Rogers 
Memorial Center in Fort Worth, near the museum district.

Designed with David M. Schwarz and local associate Bennett Benner Pettit, the Building encompasses 
40,000 square feet over two levels.



Trammel Crow Asian Art Museum
Dallas, Texas

Design Booziotis

1998

This might have appeared to be a simple structural project, at first, since it was to be built in an existing 
building. But, the program required the addition of a gallery mezzanine on a floor that was not designed 
to support extra framing. We had to strengthen the floor in another area to support the 22,000 pound 
stone facade of an ancient Asian home without being able to access the floor from below. Another 
challenge was to build a 50'-0" long bridge connecting the two spaces within a 1'-3" depth  limitation.



Sixth Floor Museum at Dealey Plaza
Dallas, Texas

Design Architect:  Burson & Williams

The sixth floor museum was constructed on the 6th floor of the 1920’s School Book Depository building. This historic 
venue was the location of Lee Harvey Oswald when he shot President Kennedy from the window on the 6th floor. 
The building is a wood structure with a load bearing masonry perimeter wall. The building had been empty for a 
number of years and had deteriorated. A large sign on the roof had caused serious structural wind damage before 
being removed. The arched masonry window lintels were inadequate for today’s codes. The County Commissioners 
wanted to build the Commissioners Court on the ground floor by removing 4 columns that supported 6 floors and a 
roof. We found solid structural and economical solutions to all the structural issues of the building and contributed 
to creating the space for the museum.
 
In addition, we renovated the 6th floor for a visitor’s center and constructed an elevator to the 6th floor. 
We later expanded the visitor’s center and extended the elevator to the 7th floor. We are presently in the master 
planning stage for a new expansion of the visitor’s center.



Rory Meyers Children’s Adventure Garden
The Dallas Arboretum
Dallas, Texas

Design Architect: Dattner 

Civil Engineer: Pacheco Koch Consulting Engineers 
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The primary exhibit building at the Dallas Arboretum Children's Garden is the Discovery Center building, housing 
9,500 square feet of exhibit space, offices, and guest services and constructed of architecturally-exposed concrete. 
The roof of the building is an occupied space with greenscape and pavers. Extending from the upper floor is a 
290-foot long architecturally-exposed structural steel Texas Skywalk that connects the Discovery Center roof to the 
exposed concrete-and-steel Elevator Tower platform in the center of the Garden space.

In addition to designing the primary building structures on this site, we consulted with the landscape architect to 
produce numerous structures to enhance the outdoor experience. These included:

• An entry plaza with seating in the round covered by an open framework steel canopy. The plaza slab 
cantilevered over grotto niche below with glass waterfall structure.

• A tree house structure with an internal spiral stair case inside of a manufactured “tree” shell.   The stair 
provides access to a platform in the tree canopy with netting extending out from the platform to allow children 
a climbing adventure up in the trees.

• Two lamella truss structures provide shade over platforms in a lagoon. The lagoon is also home to a weir and 
waterwheel.

Datum also assisted in the design of wood frame shade structures and pavilions, steel pavilions and provided 
supports for trellises arbors and exhibit bases.
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Structural Loading
The most obvious and first thought that comes to mind when you think of criteria for structural engineering is the loading 
requirements of the space.  In a museum this deserves a much more in-depth review than simply applying the provisions 
of the code.  We generate a question list at an early stage in schematic design to begin to identify where special loading 
requirements will be required.

For example:

Gallery Space: The code states that areas of public occupancy shall be designed to support 100 pounds per square 
foot superimposed live load without taking advantage of the code-provided reduction formulas.  This should be and is 
usually adequate, but in a general way.  A heavy sculpture and the forklift required to transport the sculpture or art can 
create concentrated wheel loads on a small area considerably larger than 100 psf.  So, in addition to the overall design 
criteria, a concentrated load criteria must be established and thin slabs and short span structural elements  need to be 
checked for this criteria.

Many museums are designed for 150 psf to 250 psf live load, with slabs and individual joists designed to support 
concentrated loads from sculptures, fork lifts, etc.

It is important to understand how the Museum intends to transport art, sculptures, and exhibits within the museum 
and create a design criteria to accommodate this added loading. Concentrated wheel loads need to be addressed and 
could influence the type of structural system selected. Individual slabs and beams supporting a small tributary area may 
be designed for loading in excess of 150 psf to 200 psf to account for concentrated wheel loads. If specific information 
of fork lifts and weight of sculptures is not available during design, then a sound engineering judgment must be made 
based on prior experience.

The museum might also need to take the floor loading criteria into consideration when they select equipment to drive 
across the floor to move sculptures and to change light bulbs.  This should be discussed in the early design stages and 
design the structure to be compatible with equipment required to properly operate the facility.

Special elevated floor coverings such as concrete toppings, tile and stone may have restrictive deflection criteria. Code 
deflection minimums may not be good enough for some floor coverings. These materials must be investigated on a case 
by case basis.

Requirements for recessed slabs for flooring, in-slab cable trays, or embedded conduit can be easily overlooked until very 
late in the design process, but can significantly impact the structure.  Exhibitors need to know this is an important item 
to identify early.  Planetariums and theatres tend to have specific requirements for in slab cable trays and embedded 
conduit.

Exhibitors must state their floor vibration expectations.  For example, if there is a planetarium, vibration for the projector 
can be of concern and can be detrimental to the presentation.

Exhibit information will be difficult to get early due to the design process, but if they can think about these structural 
items up front, our coordination efforts will be easier and more flexible for them.
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In addition, some sculptures or other objects may need to be displayed by being hung from the ceiling.  The code-
minimum live load of 20 pounds per square foot will not be adequate for this, so the topic of hanging loads in the gallery 
spaces must be addressed during design. Isolated concentrated loads need to be addressed on individual members.

Storage Vaults:  The building code establishes live loading for storage areas in the 125 psf to 250 psf range.  But, to 
conserve space, many museums are utilizing compact files which can produce live loading in the area of 300 psf and 
above.  It is extremely important to identify the need for, and the location of, compact files (maybe even if for future 
expansion) in order to have the strength designed into the structure.

Some museums are using hanging racks to store art.  Although the floor of the vault area may be designed for 125 psf 
live load or greater, all of the storage load on a hanging rack is going to the ceiling.  Therefore the floor of the space 
above has to be designed to support the live load intended for that floor, and also has to be designed to support 
the hanging load from below.  Although it might be unusual to hang a 100 psf load from a hanging rack, the rack 
manufacturer  usually designs these systems to support this load.  So, in effect, the floor above, if it is a gallery for 
example, would have to be designed for 100 psf public occupancy live load plus 100 psf hanging load from below or a 
total of 200 psf.

CLEAN AIR
One problem for museum quality art can be particles of spray fireproofing on a steel structure circulating in the air 
conditioning system.  Steel construction, particularly for roof construction, may be a practical solution if fireproofing is 
not required.  If fireproofing is required and steel construction still appears to be the desired economical choice, then 
a troweled-on cementious fireproofing or other currently available system may be worth considering.  The design team 
should receive guidance from the museum on this issue.
  
WATER DAMAGE
Depending on the organization of the spaces and the location of water lines in the building, it may be necessary to recess 
the structure over storage vault areas and add a waterproof membrane and topping to protect artwork.  Obviously the 
desired solution is to avoid this condition, but if required this solution can be implemented.

VIBRATION SEPARATION
Depending on the proximity of the mechanical room to the theatre and the type of usage of the auditorium, there may 
be a requirement for a structural separation to prevent transmission of vibrations through the structure.  This can impact 
structural framing systems and should be addressed during the early planning phases.

COLD STORAGE
Cold storage areas require recessing and strengthening the floor for insulation and a topping slab.  Above the cold 
storage unit, the design team must consider how to support the insulated ceiling.

CURATORIAL & BACKSTAGE SPACES
These areas often have concrete block walls instead of drywall.  This adds considerable loading to the structure in the 
area where the walls occur.  We need to account for this weight, if it occurs, in our calculations and provide extra framing 
stiffness to prevent cracking the walls.
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SLAB-ON-GRADE CONSTRUCTION
Slab-on-grade construction is economical, but we often recommend that this be considered as a value engineering 
option to bring the project back in budget, if necessary, while recognizing the risks.  The risk of some slab movement and 
associated damage to partitions, doors, etc. is normally identified in the soil report.  This risk can be minimized with the 
recommended soil preparation, but it still exists.

A major potential problem with slab-on-grade construction in a museum is the difficulty of repairing broken water lines 
that occur below the slab.  Putting the lines in the ceiling above the floor to avoid this possible problem can create an 
even worse problem.

Also, since museums tend to have long useful lives, they are often renovated over time.  A suspended ground floor over a 
crawl space allows for the utilities and MEP infrastructure to be re-routed without tearing up the slab.  This can be critical 
to keeping portions of the museum operational during renovation work.

If a slab-on-grade is used, a specialty consultant should address the possible increased humidity in the building due to 
potential vapor transmission and if it is at a level that could be a concern.

STRUCTURED GROUND FLOOR
A structural ground floor with a crawl space is often a good choice for long term performance and underfloor flexibility 
for repairing broken lines or relocating lines, if the following steps are taken:

• Construct the bottom of the crawl space above outside grade or create proper provisions to drain the crawl space in 
case it gets wet.

• Construct a vapor barrier and mud slab in the crawl space.

• Provide cross ventilation, using forced ventilation or air-conditioning the crawl space.

• Add insulation to the underside of the floor.

• Seal all penetrations in the floor around ducts and pipes.

Use of slab on void boxes is not recommended, due to the inability to access and repair broken water lines below the 
slab.

The slab-on-grade versus structured floor over crawl space is an important quality decision that will require serious 
discussion during schematic design.

COLUMNS IN WALLS
Columns are typically larger than the thickness of interior walls and most exterior walls. This creates pilasters on the wall 
that project out on both sides or one side of the wall.  In most exhibit spaces, a column projection into the space is very 
objectionable.  It limits display space flexibility on the walls.  Early in the design process we discuss with the architect: 

• How to locate columns to miss display walls.

• When column is in display wall would it be possible to project the column to the other side of the wall leaving a 
smooth face on the exhibit side?



Structural Design Criteria

• Should you make the column a little smaller and the wall a little thicker to  encase the column totally in the wall?  It 
takes up a little extra space but may make the remaining space more usable.

• Look for ways to create this structural relationship to the functional use of the facility.

FUTURE EXPANSION
Historically, museums tend to grow over time, often beyond the scope envisioned at the time of the current design.  It 
may be appropriate for planning purposes to design the structure and to at least consider the details that would make 
future expansion possible.

In addition to expansion by new construction, expansion is often accomplished by expanding compact storage areas 
and other heavily loaded storage.  Some effort needs to be made to identify the possible locations of these potential 
expansion areas for the future.

Hopefully there will be enough information about future expansion plans to be able to design the structure to support 
future expansions, without having to construct new foundations up against Phase I when Phase II is built.  Future 
foundation construction directly adjacent to the existing structure can be a vibration issue, and must be addressed.  

A balance needs to be struck so that the additional dollars spent to provide future flexibility are used judiciously without 
running up the cost over large areas.
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Three stunning structures 
combine to anchor the 

new Fort Worth Museum 
of Science and History.

ThE FORT WORTh Museum of Science and History has been 
operating for many years, enlightening and inspiring multiple gen-
erations. People speak fondly of memories they have of exploring 
the museum when they were children. However, decades of wear 
and tear, plus ever-expanding exhibits and growing attendance, 
made the 1954 museum building inadequate for the new century. 
Although a difficult decision, it was time for a new museum.

The new Fort Worth Museum of Science and History replaced 
the existing museum building on the same site in November 2009. 
The museum has 166,000 gross sq. ft composed of one-story and 
two-story spaces. The building consists mostly of exhibit spaces, 
classrooms, support areas, public spaces and dining areas. Three 
unique steel structures are the main massing of the building design: 
the new domed Noble Planetarium, the Energy Gallery roof, and 
the main entrance, called the “Urban Lantern.”

Domed Noble Planetarium
The new Noble Planetarium is a state-of-the-art facility that 

sports a 50-ft-diameter steel-framed “ribbed dome,” which was 
completely fabricated on the ground and lifted into place. That 
operation was featured prominently in the Dallas Morning News 
and was the symbol of construction progress for some time.

The dome is constructed of arched ribs, joined together with a 
compression ring at the top and tension ring at the bottom. It has 
8-in. wide-flange column ribs with 2-in.-diameter transverse pipes 
encircling the dome in concentric rings. The rings serve as lateral 
bracing for the vertical arched members, add rigidity for the dome, 
and provide support for the dome cladding.

The dome members were delivered as individual pieces ready 
to be assembled like a kit of parts. A staging area next to the final 
location was set up for the erection process where the steel erector 
welded the elements together on the ground.

All vertical wide-flange ribs were welded to the tension ring 
at the bottom and converged to a compression ring at the top of 
the dome. Once the ribs were in place and the transverse pipes 
were installed, the resulting configuration was a semi-rigid grid 

Extreme Makeover
by Jeffrey S. KoKe, P.e.

A Texan
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that resisted racking and was stiff enough 
to be lifted into its final location.

Additionally, smaller tubes and angles 
were connected to the main frame to accept 
the dome cladding. This additional framing 
enhanced the smoothness of the dome to 
prevent ridges or offsets from occurring 
between cladding panels.

Months earlier, additional analysis and 
careful coordination among the structural 
engineer, erector and contractor had been per-
formed to allow the nearly flawless installation 
to occur. Hanging locations were determined 
and analyzed for performance during the 
60,000-lb lift. The erector performed an in-
depth study of shoring and the hoisting proce-
dure that ended in an evolution that appeared 
to spectators as a quick and easy solution.

Jeff Koke, P. E., is a structural engineer and studio leader in 
the Dallas office of Datum Engineers and has served as proj-
ect manager on a variety of projects since he joined the firm 
in 2003. He has developed a niche for cultural projects such 
as museums and sculpture gardens. His work currently in 
progress includes the $185 million Perot Museum of Nature 
and Science. Jeff holds a bachelor’s degree in Architectural 
Engineering from The University of Texas at Austin, and 
spent 20 years in the Navy.

➤

➤ the new museum facility is anchored by the Noble Planetarium Dome, the Urban 
Lantern, and the energy Gallery.

Arriving on site as individual pieces, the Noble Planetarium Dome was assembled 
on the ground, then lifted into place.

➤

Photos by Datum engineers except as noted.
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The planetarium’s second floor fram-
ing was carefully analyzed and designed 
to minimize vibration interference from 
exterior distractions to ensure success-
ful operation of the projector. Locating a 
column directly below the mechanism and 
increasing the concrete slab thickness pro-
vides the required platform stability and 
helps mitigate vibration interference with 
the projector.

The Energy Gallery Roof
The Energy Gallery roof was designed 

with 7-ft-deep steel trusses, supporting an 
8-ft-tall ribbon of brick. The visual expres-
sion of the structure is a 50-ft cantilever 
with a 15-ft backup span and support. To 
control gravity load deflections and high 
stresses, the “cantilever” is supported by 
small intermediate columns consisting of 
6-in. pipe located behind window mullions. 
This configuration contributed to signifi-
cant calculated wind sways at the end of 
the cantilever in the transverse direction, 
because the only wind bracing in the trans-
verse direction is at far end of the space. 
The high roof uses horizontal X-bracing to 
maximize the rigidity of the diaphragm to 
transfer the lateral loads to the rear bracing 
system. The low roof diaphragm minimizes 
the sway of the structure and helps distrib-
ute the lateral loads.

Close coordination with the glazing 
manufacturer’s engineer was required to 
accommodate the anticipated structural 
movements. The connections for the tall 
windows were designed to accommodate 
larger than usual horizontal and vertical 
movements. Attention to these details of 
the design by the structural engineer and 
the glazing manufacturer’s engineer was 
critical to its success.

The Urban Lantern
The Urban Lantern is the pride of the 

museum. Its proportions and interior vol-
ume create a space that is tall, open and 
impressive. The Lantern is 76-ft tall and 
topped with a glass box made of 97 yellow-
fritted glass panels, each measuring 5-ft 7-in. 
square and weighing 500 lb.

to help control gravity load deflections in 
the energy Gallery roof’s 55-ft cantilever, 
engineers provided 6-in.-diameter pipe 
columns tucked behind mullions.

the exterior brick on the Urban Lantern 
is supported by a system specifically 
designed not to have visible horizontal 
kickers, leaving interior space open.

➤

➤
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Full-height cross-braces at the corners provide stability to the 
Urban Lantern tower.

the 76-ft Urban Lantern, topped with a yellow glass box, provides 
an impressive main entryway to the new Fort Worth Museum of 
Science and History.

The Lantern is a critically important element because it is 
the gateway to the museum. Design architect Ricardo Legorreta 
expressed this by saying, “Light symbolizes knowledge, creativ-
ity, imagination and spirituality. Color, on the other hand, for us 
means passion for life, humanism and happiness.”

Careful computer modeling and structural analysis were con-
ducted using RISA to ensure the framing system and brick sup-
ports would perform as expected. The basic approach was to create 
a braced tower with an open interior. Usually a tower would have 
horizontal cross-bracing or floors to prevent racking and distribute 
lateral loads, but this was not an option. Instead, engineers used the 
building’s adjacent low roof diaphragm and a 5-ft 10-in.-wide rein-
forced concrete slab on composite deck at the tower’s second level to 
provide racking strength. This essentially created a rigid floor slab 
with a big hole in the middle of it. Additionally, the roof corners at 
higher levels have similar concrete slabs to enhance stiffness.

Full-height cross-braces were provided at the corners of the 
tower for stability. Horizontal HSS12×6 girts at 10-ft vertical spac-
ing tie the tower together and provide connection points for the 
brick support system.

The exterior brick is supported by a system specifically designed 
not to have visible horizontal kickers so as not to obstruct the inte-

rior open space. Vertical HSS5×5 members spaced at 4-ft centers 
provide support for the brick shelf angles at each level. The hori-
zontal HSS girts are designed to resist the moments and reactions 
from the vertical tubes induced by wind and the eccentric brick 
loads at each level.

The unique idea of Legorreta’s Urban Lantern incorporates 
a glass box to the top that glows at night, guiding its patrons to 
the museum’s front door. The structural engineer conceived the 
structural concept and design of the glass box at the top of the 
tower. Then Menomonee Falls, Wis.-based manufacturer Novum 
Structures LLC implemented the design and built the glass box. 
The loads calculated by Novum’s engineers were provided to the 
structural engineer to include in the overall building model.

This state-of-the-art glass system includes unique proprietary 
glass connections and expansion joints designed specifically for the 
Fort Worth area. The end result accomplished the architect’s vision.

The Fort Worth Museum’s “extreme make-over” resulted in a 
facility that is world class and will be a source of pride for the city, 
museum and the designers for years to come.     

Structural Engineer
Datum engineers, Dallas, texas (AISc Member)

Project Manager
the Projects Group, Fort Worth, texas

Design Architect
Legorreta & Legorreta, Mexico

Architect of Record
Gideon toal, Fort Worth, texas

General Contractor
Linbeck, Fort Worth, texas

Steel Fabricator
cMc Alamo Steel, Waco, texas (AISc Member)

Steel Erector
bosworth Steel erectors, Dallas, texas (AISc, IMPAct and 
SeAA Member)

Structural Software
rISA
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20 Years 
of a Tilt-Up Icon
20 Años de un Ícono de Tilt-Up

THE CHAPEL OF ST. IGNATIUS

STEVEN HOLL

LA CAPILLA DE SAN IGNACIO

STEVEN HOLL

WORDS: MITCH BLOOMQUIST
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Two decades ago, construction began on a small chapel on the 
campus of Seattle University in Seattle, Washington. Designed 

by Steven Holl, the Chapel of St. Ignatius serves as one of the greatest 
examples of the architectural potential of tilt-up construction. The 
project is highly regarded by architectural critics, students, and 
professionals and widely publicized. In a Time article entitled “To the 
Lighthouse,” Richard Lacayo wrote, “One of the most widely studied 
churches of the past few years has been Steven Holl’s Chapel of St. 
Ignatius.”1 Noted authors Kenneth Frampton2, Robert McCarter and 
Holl himself have specifically called out the construction method as 
a major contributor to the success of the project, yet the project did 
not immediately spark a wider interest in the use of tilt-up by other 
significant architects.
 
Holl’s introduction and approach to the application of tilt-up 
technology lends great insight to the success of the project. His 
understanding of the method’s potential led him to utilize tilt-up on 
several other projects including the Planar House in Arizona and the 
Avi Telyas residence on Long Island. “I am inspired by the potential 
that architecture can tell you how it is made and that structure can 
be a core part of the meaning of a project,” said Holl. “The Chapel 
concept ‘seven bottles of light in a stone box’ became possible when 
we envisioned the tilt-up as ‘giant stone fragments,’ which could 
interlock in a sculptural way. I see many opportunities to explore 
these ideas further.” 
 
THE STONE BOX
 
Holl’s concept for the Chapel of St. Ignatius, “seven bottles of light in 
a stone box,” is expressed through the tilt-up method of construction, 
though it did not start out that way. Initially, Holl envisioned the use 
of stone, a material traditionally employed for religious construction, 
as the primary material for the structure’s exterior. “However, in 
a demonstration of [Frank Lloyd] Wright’s aphorism ‘limits have 
always been the best friends of the architect,’ budgetary limitations 
resulted in the decision to construct the outer walls as tilt-up 
concrete” (McCarter, 2015, p. 106).3

 
Holl and Frampton too point to both the practical project savings 
provided by the method and the benefits afforded by the material, 
agreeing that the integral-color site-cast concrete panels “define a 
tectonic more direct and far more economical than stone veneer” 
(Holl, 1999, p. 42).4

Thomas Taylor, P.E., Managing Principal for Datum Engineers, Inc., 
who worked closely with the design team on the transition from 
masonry to tilt-up, said Holl was open to the idea from the beginning. 
“I was inspired by tilt-up construction years before when I visited the 
Kings Road House by Rudolf Schindler,” said Holl. 
 
The poetry of Steven Holl’s application of the tilt-up method 
resides in the interaction between desired effect and its inherent 
manifestation in the construction method. McCarter (2015) writes 
“When seen from the outside, the integrally colored tilt-up concrete 
walls together form flat vertical surfaces precisely revealing the shape 
of the interior section, and emphasizing through their monolithic 

Hace dos décadas, la construcción de una pequeña capilla 
comenzó en el campus de la Universidad de Seattle en Seattle, 

Washington. Diseñada por Steven Holl, la Capilla de San Ignacio 
sirve como uno de los grandes ejemplos del potencial arquitectónico 
de la construcción tilt-up. El proyecto es altamente estimado por 
críticos, estudiantes y profesionales de arquitectura y ampliamente 
publicitado. En un artículo de Time titulado “To the Lighthouse”, 
Richard Lacayo escribió, “Una de las iglesias más estudiadas de los 
últimos años ha sido la Capilla de San Ignacio de Steven Holl…”1 
Notables autores Kenneth Frampton, Robert McCarter y Holl en 
sí han llamado específicamente el método de construcción como 
un contribuidor importante del éxito del proyecto, pero aún así el 
proyecto no provocó un interés mayor en el uso de tilt-up por otros 
arquitectos importantes.2

La introducción y alcance de Holl a la aplicación de la tecnología 
de tilt-up presta mucha comprensión al éxito del proyecto. Su 
entendimiento del método lo llevó a utilizar el tilt-up en otros varios 
proyectos incluyendo la Casa Planar en Arizona y la residencia de 
Avi Telyas en Long Island. “Estoy inspirado por el potencial que la 
arquitectura puede decirle cómo se realiza y que la estructura puede 
ser una parte intrínseca del significado de un proyecto”, dijo Holl. 
“El concepto de la Capilla de siete botellas de luz en un caja de piedra 
pudo ser posible cuando visualizamos a tilt-up como ‘fragmentos 
gigantes’ de piedra, que podían conectarse de manera escultural. Veo 
muchas oportunidades para explorar aún más estas ideas”. 

LA CAJA DE PIEDRA 

El concepto de Holl para La Capilla de San Ignacio, “siete 
botellas de luz en una caja de piedra”, es expresado por medio 
del método de construcción tilt-up, aunque no comenzó de esa 
manera. Inicialmente, Holl visualizó el uso de piedra, un material 
tradicionalmente empleado para la construcción religiosa, como 
el material principal para la estructura exterior. “Sin embargo, en 
una demostración del aforismo de Wright [Frank Lloyd] ‘los límites 
siempre han sido los mejores amigos del arquitecto’, las limitaciones 
de presupuesto resultaron en la decisión de construir las paredes 
exteriores como concreto tilt-up” (McCarter, 2015, p. 106).3

Thomas Taylor, P.E., directivo de Datum Engineers, Inc., quien 
trabajó muy de cerca con el equipo de diseño en la transición de 
mampostería a tilt-up, dijo que Holl estaba abierto a la idea desde 
el principio. “He estado inspirado por la construcción tilt-up desde 
hace muchos años antes cuando visité la Casa Kings Road por Rudolf 
Schindler”, dijo Holl. 

Holl y Frampton también señalaron tanto los ahorros prácticos del 
proyecto provistos por el método como los beneficios permitidos por 
el material acordando que los paneles de concreto de color integral 
vaciados en el sitio “definen un tectónico más directamente y más 
económicamente que un revestimiento de piedra” (Holl, 1999, p. 42).4

 
La poesía de la aplicación de Steven Holl del método tilt-up reside en 
la interacción entre el efecto deseado y su manifestación inherente 
en el método de construcción. McCarter (2015) escribe “Cuando es 
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materiality the way in which the inner space presses out against the 
rectangular limits of the volume” (p. 106).3

 
Openings occur strategically within the joint between two panels and 
at the edges of panels, interacting with the roof, building corner, and 
ground. The opportunistic placement of the openings accentuates the 
joints and dissolves the appearance of a panelized façade. 
 
“The complexly interlocking tilt-up concrete walls, each a different 
size and shape, are like the pieces of a puzzle in the way they reveal 
the process of assembly, and in their combination of massive panels 
and intimate apertures they have an ambiguous sense of scale,” 
writes to McCarter (2015). “Quite different from that which would 
have been imparted by the repetitive pieces of stone cladding that 
were initially considered” (pg. 106).3

 
At the corners of the building, the concrete panels interlock to reveal 
the load-bearing thickness of the panels. 
 
A MASTER CLASS EVERYONE ATTENDS BUT FEW 
COMPREHEND
 
The Chapel of St. Ignatius is like a master class in tilt-up that 
everyone took but few put have put the lessons learned into action. 
Holl’s masterful demonstration of the potential for tilt-up to produce 
canonical architecture has been, for many architects, their first and 
often only exposure to tilt-up construction. The application of the 
technology was extraordinarily creative as the method had, at the 
time, a reputation for use primarily on industrial structures. 
 
Low cost, low technology movements in architecture are nothing 
new though. The ideas of reusing shipping containers as building 
blocks or inflatable balloons covered in concrete as shelter continue 
to be studied by architectural students and professionals and are 
continuously covered in-depth by serious architectural publications. 
Many of these ideas lack broad-based support from developers and 
contractors, something tilt-up construction has enjoyed for decades. 
One has to wonder, is there something inherent in architecture that 
is attracted to the acrobatics of these approaches over the innovative 
application of a preexisting method for delivering low-cost, low-
technology architecture?
 
One answer may be the stigma of big box technology is too much to 
overcome for architects. Perhaps a more plausible reason, one that 
Jeffrey Brown (Powers Brown Architecture) points to in his research, 
is that its acceptance by the development and construction industries 
has made it too mainstream and architects have been trained by 
decades of media coverage to worship the avant-garde. 
 
WHILE NOT AVANT-GARDE, TILT-UP OFFERS A 
DIFFERENT SORT OF ACROBATICS
 
At a time when designers are infatuated with the 3d printing of 
buildings and constructing skyscrapers in just days, another look at 
a technology offering similar drama seems fitting. Holl described the 
tilt-up process as inspiring. “Father Sullivan and I watched the tilt-up 

visto desde afuera, las paredes de concreto coloreadas integralmente 
forman superficies verticales planas precisamente revelando la forma 
de la sección interior, y enfatizando por medio de materialidad 
monolítica la manera en la cual el espacio interno presiona hacia 
afuera contra los límites rectangulares del volumen” (p. 106).3

Las aperturas ocurren estratégicamente dentro de la unión de dos 
paneles y a los bordes de los paneles, interactuando con el techo, 
la esquina del edificio y el piso. La colocación oportunista de las 
aperturas acentúa las uniones y disuelve la apariencia de una fachada 
de paneles. 

Según McCarter (2015) “Las paredes de tilt-up de conexión compleja, 
cada una de tamaño y forma diferente, son como piezas de un 
rompecabezas de manera que muestran el proceso de armado, y 
en su combinación de paneles masivos y aperturas íntimas tienen 
un sentido ambiguo de escala. Muy diferente de lo que hubiera 
sido impartido por piezas repetitivas de revestimiento de piedra 
consideradas inicialmente” (pg. 106).3

En las esquinas del edificio, los paneles de concreto se conectan para 
revelar el grosor de los paneles de soporte. 

UNA CLASE DE MAESTRÍA A LA QUE TODOS ASISTEN 
PERO POCOS COMPRENDEN 

La Capilla de San Ignacio, es como una clase de maestría en tilt-up 
que todos tomaron pero pocos pusieron las lecciones aprendidas en 
acción. La demostración magistral de Holl del potencial de tilt-up 
para producir arquitectura canónica ha sido para muchos arquitectos, 
su primera exposición a la construcción tilt-up y con frecuencia 
su única exposición al método. La aplicación de tecnología fue 
extraordinariamente creativa ya que el método, en el momento, tenía 
una reputación de uso primario en estructuras industriales. 

El bajo costo, los pocos movimientos tecnológicos en arquitectura 
no son para nada nuevos. Las ideas de reusar recipientes de 
envío como bloques de edificación, o globos inflables cubiertos 
en concreto como un refugio, continúan siendo estudiadas por 
estudiantes y profesionales de arquitectura y son continuamente 
cubiertos en profundidad por publicaciones serias de arquitectura. 
Muchas de estas ideas carecen un apoyo amplio de desarrolladores 
y contratistas; algo que la construcción tilt-up ha disfrutado por 
décadas. Uno se tiene que preguntar, ¿hay algo inherente en 
arquitectura que siente atracción por las acrobacias de estos alcances 
durante la aplicación innovadora de un método preexistente para 
brindar arquitectura de bajo costo y tecnología?

Una respuesta podría ser el estigma de la tecnología de caja grande es 
demasiado para que los arquitectos la superen. Quizás una razón más 
probable, una que Jeffrey Brown (Powers Brown Architecture) señala 
en su investigación, es que su aceptación por compañías de desarrollo 
y construcción lo han hecho muy común, y los arquitectos han sido 
entrenados por décadas por la cobertura de los medios a adorar lo de 
vanguardia. 
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operation together with a certain joy,” writes Holl. “The structural 
body of the chapel rose up suddenly from the campus ground like an 
apparition!” (Holl, 1999, p. 42)4.

 
Best of all, tilt-up technology is ready for the type of research and 
exploration architects are good at. The economics are there, the 
material technology is there and the buy-in from clients is there. 
What’s missing is adequate design creativity and innovation.
 
AN EVOCATIVE AND TIME-HONORED MATERIAL
 
Concrete is an evocative and time-honored material. It is both 
historic and cutting-edge. The ancient materials of water, sand, stone, 
and cement combine with high-tech admixtures to form a material 
so relevant that, after water, it is the most widely used material in the 
world.
 
World renowned architect Le Corbusier is said to have had a 
love affair with the material, fascinated “...with the remarkable 
adaptability of concrete, and with its sculptural and structural 
potential.”5 While Corbusier favored ‘beton brute’ [bare concrete],  
Japanese architect, Tadao Ando’s architecture could never be 

MIENTRAS QUE NO ES DE VANGUARDIA, TILT-UP 
OFRECE UNA MANERA DIFERENTE DE ACROBACIA

En la época en que los diseñadores están enamorados de la impresión 
3D de edificios y la construcción de rascacielos en solo días, otra 
mirada a una tecnología que ofrece un drama similar parece ser 
adecuado. La erección de un edificio tilt-up es inspiradora. “El 
padre Sullivan y yo miramos juntos la operación de tilt-up con cierta 
alegría. ¡El cuerpo estructural de la capilla se elevó de repente del 
suelo del campus como una aparición!”(Holl, 1999, p. 42)4

Lo mejor es que la tecnología tilt-up está lista para este tipo de 
investigación y exploración para  las cuales los arquitectos son 
buenos. Los factores económicos están ahí, la tecnología de material 
está ahí y el apoyo de clientes está ahí. Lo que falta es la creatividad 
de diseño y la innovación adecuadas.

UN MATERIAL EVOCATIVO Y HONRADO POR EL TIEMPO

El concreto es un material evocativo y honrado por el tiempo. Es 
histórico y de avanzada. Los materiales antiguos de agua, arena, 
piedra y cemento combinados con mezclas de alta tecnología forman 
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described as brutal. In a recent interview with Spencer Bailey 
for Surface Magazine, Ando described how the application of a 
“ubiquitous, ordinary material” can be innovative, all the while 
contributing to the “preservation of the country’s architectural 
DNA.”6

In the case of the Chapel of St. Ignatius, the ‘stone box’ is aging 
gracefully. “I was just in Seattle last weekend for the Vitra Kahn 
exhibit at Holl’s Bellevue Art Museum,” said McCarter. “Steven 
and I spent an hour in the St. Ignatius Chapel that evening, with 
choirs rehearsing for a concert. It is in terrific shape for the 20-year 
celebration. The tilt-up slabs look terrific, aged and ageless, like Unity 
Temple.”

1 Lacayo, R. (2002, August 25). Into the lighthouse. Time. Retrieved from http://content.time.
com/time/magazine/article/0,9171,344060-2,00.html
2 Frampton, K. (2003). Steven Holl architecture. Electra Architecture. 
3 McCarter, R. (2015). Steven Holl. New York, NY: Phaidon Press Inc.
4 Holl, S. (1999). The Chapel of St. Ignatius. New York, NY: Princeton Architectural Press.
5 Quddus, S. (2014, December 4). Material Masters: Le Corbusier’s Love for Concrete. Arch 
Daily. Retrieved from http://www.archdaily.com/574981/material-masters-le-corbusier-s-love-
for-concrete
6 Bailey, S. (2015, February). Tadao Ando. Surface. Retrieved from http://www.surfacemag.
com/tadao-ando/

un material tan relevante que, después del agua, es el material más 
usado en el mundo.

Se dice que el arquitecto de renombre mundial Le Corbusier 
ha sentido pasión por el material, ha estado fascinado “...con la 
adaptabilidad notable del concreto, y su potencial escultural y 
estructural”.5 Mientras que Corbusier favoreció el ‘beton brute’ 
[concreto simple],  la arquitectura del arquitecto japonés Tadao Ando 
nunca podría ser descrita como brutal. En una entrevista reciente 
con Bailey para Surface Magazine, Ando describió cómo la aplicación 
de un “material ordinario y ubicuo” puede ser innovador, y al mismo 
tiempo contribuir a la “preservación del ADN arquitectónico del 
país”.

En el caso de La Capilla de San Ignacio, la ‘caja de piedra’ está 
envejeciendo con gracia. “Recién estuve en Seattle el fin de semana 
pasado para la exhibición de Vitra Kahn en el Museo de Arte Bellevue 
de Holl”, dijo McCarter. “Steven y yo pasamos una hora en la Capilla 
San Ignacio esa noche, con los coros ensayando para un concierto. 
Está en forma estupenda para la celebración de sus 20 años. Los 
paneles tilt-up se ven estupendos, envejecidos y siempre jóvenes 
como Unity Temple”.
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Much has been written about this beautiful architectural vision 
of Steven Holl Architects inspired by St. Ignatius that would 

be well beyond my ability to expand upon. I did have the amazing 
experience of watching and participating in Steven Holl’s creative 
process that led to such a successful spiritual space that embraced the 
spirit of Ignatius. But I would like to address, through the eyes of an 
engineer, how Steven Holl guided the creative process which led to 
the use of tilt wall construction for the construction of the “stone box” 
from which the bottles of light emerged as he envisioned.

In our engineering practice 20 years ago, tilt wall construction 
was mostly prevalent in warehouse and industrial buildings. This 
construction technique was not initially considered for the exterior 
walls of the chapel, mainly for this reason. Tilt wall just wasn’t the 
type of construction one would consider, 20 years ago, for a jewel 
box like the Chapel of St. Ignatius. We began with the assumption 
that load-bearing walls would be the most economical solution. We 
first considered load-bearing reinforced masonry walls clad with 
stone and plastered on the interior face. As pricing of the structure 
began, it was clear that the large volume of the small space generated 
a large amount of exterior wall area, which was a major contributor 
to the budget overruns. It was clear that it would be impossible 
to accomplish the vision, in budget, with this wall system. The 
goal continued to be to retain the vision and find another way to 
accomplish the “stone box” without damaging the form of the space.

As I recall, the general contractor proposed we consider tilt wall 
construction. I was convinced that Steven would not want to consider 
such an industrial construction process. However, this was one of my 
first insights into Steven Holl’s innovative abilities that extended to 

Mucho se ha escrito sobre la hermosa visión arquitectónica de 
Steven Holl Architects inspirada para San Ignacio que podría 

estar más allá de mi habilidad de explicarla. Sí, tuve la experiencia 
maravillosa de mirar y participar en el proceso creativo de Steven 
Holl que llevó a tal espacio espiritual exitoso que adoptaba el espíritu 
de Ignacio. Pero me gustaría tratar por medio de los ojos de un 
ingeniero, cómo Steven Holl guió el proceso creativo que llevó al uso 
de la construcción de paredes tilt para la construcción de la “caja 
de piedra” de la cual las botellas de luz emergieron como fueron 
concebidas.

Por lo menos, hace 20 años en nuestro despacho de ingeniería, 
la construcción de paredes tilt era mayormente predominante en 
edificios de almacenes e industriales. Esta técnica de construcción 
no fue considerada inicialmente para las paredes exteriores de la 
capilla, principalmente por esta razón. Las paredes tilt no eran el 
tipo de construcción que uno consideraría, hace 20 años, para una 
joya como la Capilla de San Ignacio. Comenzamos con la suposición 
que las paredes de soporte serían la solución más económica. Sin 
embargo, primero consideramos paredes reforzadas de soporte de 
mampostería revestidas con piedra y enyesadas en la cara interior. 
Al comenzar la tarificación de la estructura, fue claro que el volumen 
grande del espacio pequeño generaba una gran cantidad de área de 
pared exterior, lo cual era un contribuidor principal a los excesos 
de presupuesto. Era claro que sería imposible lograr la visión, en el 
presupuesto, con este sistema de paredes. El objetivo continuaba 
siendo mantener la visión y encontrar otra manera de lograr una 
“caja de piedra” sin dañar la forma del espacio.

Según recuerdo, el contratista general propuso que consideráramos 
la construcción de paredes tilt. Yo estaba convencido que Steven 
no desearía considerar dicho proceso de construcción industrial. 
Sin embargo, este fue uno de mis primeros conocimientos de 
las capacidades innovadoras de Steven Holl que se extienden 
a la apreciación para la constructibilidad, además de su visión 
arquitectónica y espiritual. Rápidamente abrazó el desafío. Siento 
que esta sencilla directiva en una capilla pequeña en Seattle cambió el 
curso de la construcción tilt-up para toda la industria.

El contratista deseaba que limitáramos el peso de los paneles a 
80,000 libras para permanecer dentro del proceso económico de 

Tilt Wall and the 
Creative Process
Paredes Tilt y el Proceso Creativo

WORDS: THOMAS W. TAYLOR P.E., DATUM ENGINEERS
IMAGES: STEVEN HOLL ARCHITECTS



11

the appreciation for constructability, in addition to his architectural 
and spiritual vision. He quickly embraced the challenge. I feel this 
one simple directive on a small chapel in Seattle changed the course 
and direction of tilt wall construction for the entire industry.

The contractor wanted us to limit the weight of the panels to 80,000 
pounds to stay within economical tilt wall construction process 
on this site 20 years ago. Based on this guidance from the general 
contractor, together with Steven Holl’s office, we drew possible 
tilt wall joints on the architectural elevations that met the weight 
limits requested by the general contractor and also retained the 
architectural form and location of window openings. This exercise 
identified 21 different unusual shapes of tilt wall panels. I was 
concerned the general contractor would object to the unusual shapes, 
the tight interlocking panel tolerances and the large number of 
different panels created for such a small project. 

I knew all of the panels weighed less than 80,000 pounds, but 
worried that the unique panel shapes would change his budget 
estimates. I don’t remember all of the cost information, but the 
general contractor was on board with the concept and this was the 
beginning of the process of using tilt wall construction for this special 
chapel.

Details of all of the joints became an important part of the 
architectural expression. We created an attractive interlocking detail 
at the corners that expressed the thickness of the panels from each 
elevation and contributed to the connection strength of the corners.

Casting the tilt wall panels on the floor structure led to the desire 
to cast the panels “face up”. My next concern was the fact that all 
of the lifting inserts to attach the lifting cables to the panels would 
be exposed on the exterior architectural exposed face of the panel. 
My inquiry to Steven Holl regarding this issue created the next 
insight into Steven Holl’s innovative abilities that extended to an 
appreciation for constructability. The answer I got back from Steven 
Holl was to locate the lifting inserts where it was most advantageous 
to the contractor and they would deal with it. Steven didn’t tell me 
how he would deal with it, but that he would. So we proceeded with 
this directive and I continued to wonder how Steven Holl was going 
to address the issue.

Steven Holl’s solution of capping the lifting inserts with cast bronze 
covers became an important element of the architectural expression 
of the Chapel. The interesting aspect of this detail is that the locations 
of the inserts were set by constructability, with maybe some minor 
tweaking and not by some artificial architectural location.

This small project had so many unique issues to address and proved 
that tilt wall construction can play a major role in this type of high 
design architectural projects we see in today’s tilt wall market. Tilt 
wall construction brought the project in the budget. The flexibility 
of this system allowed us to create unique shapes and forms, as well 
as locate joints in architecturally creative ways that opened up tilt 
wall construction as an exciting structural/architectural system to be 
expanded upon by architects over the last 20 years.

la construcción de paredes tilt en este sitio hace 20 años. Basados 
en la guía del contratista general, junto con el despacho de Steven 
Holl, diseñamos las uniones de paredes tilt en las elevaciones 
arquitectónicas que cumplían con los límites de peso solicitados por 
el contratista general y además mantenían la forma arquitectónica y 
ubicación de las aperturas de las ventanas. Este ejercicio identificó 
21 formas inusuales diferentes de paneles de paredes tilt. Estaba 
preocupado que el contratista general objetaría las formas inusuales, 
las ajustadas tolerancias de paneles conectados y el gran número de 
paneles diferentes creados para tan pequeño proyecto. ¿Permanecería 
este alcance particular dentro de las estimaciones del presupuesto?

Sabía que todos los paneles pesaban menos de 80,000, pero me 
preocupaba que las formas únicas de los paneles cambiaran sus 
estimaciones de presupuesto. No recuerdo toda la información de 
costo, pero el contratista general estaba a bordo con el concepto y 
este fue el comienzo del proceso de usar la construcción de paredes 
tilt para esta capilla especial. 

Detalles de todas las uniones se convirtieron en una parte importante 
de la expresión arquitectónica. Creamos un detalle de conexión 
atractivo en las esquinas que expresa el grosor de los paneles desde 
cada elevación y que contribuyó a la fuerza de conexión de las 
esquinas.

El formado de los paneles de paredes tilt en la estructura del piso 
llevó al deseo de vaciar los paneles “cara hacia arriba”. Mi próxima 
inquietud era el hecho que todos los insertos de elevación para 
unir los cables de elevación a los paneles estarían expuestos en la 
cara arquitectónica exterior del panel. Mi pregunta a Steven Holl 
sobre este asunto creó el siguiente conocimiento de las habilidades 
innovadoras de Steven Holl que se extendía a una apreciación de 
la constructibilidad. La respuesta que recibí de Steven Holl fue 
colocar los insertos de elevación donde fuera más ventajoso para el 
contratista y ellos se encargarían del resto. Steven no me dijo cómo 
se encargarían de esto, pero que él lo haría. Entonces procedimos 
con esta directiva y continuamos preguntándonos cómo Steve Holl 
solucionaría este asunto.

La solución de Steven Holl de tapar los insertos de elevación con 
cubiertas de bronce fundido se convirtió en un elemento importante 
de la expresión arquitectónica de la Capilla. El aspecto interesante de 
este detalle es que las ubicaciones de los insertos fueron establecidas 
por la constructibilidad, con quizás retoques menores y no por algún 
lugar arquitectónico artificial.

Este proyecto pequeño ha tenido muchos asuntos particulares 
para solucionar y probó que la construcción con paredes tilt puede 
jugar un rol importante en este tipo de proyectos de alto diseño 
arquitectónico que vemos en el mercado actual de paredes tilt. La 
construcción de paredes tilt mantuvo el proyecto bajo presupuesto. 
La flexibilidad de este sistema nos permitió crear formas y figuras 
únicas, y ubicar las conexiones de manera arquitectónicamente 
creativa, lo que abrió a la construcción tilt-up como un sistema 
estructural/arquitectónico excitante para que fuera expandido por 
arquitectos durante los últimos 20 años.
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