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in honor of the mother of New York 
City’s mayor, Michael R. Bloom-
berg, a Johns Hopkins University 
graduate and longtime donor, and 
of the father of Sheikh Khalifa bin 
Zayed Al Nahyan, the president of 
the United Arab Emirates and also a 
Johns Hopkins benefactor.

Facing south and intended as the 
Johns Hopkins Hospital complex’s 
new main entrance, the NCB fea-
tures 33 new state-of-the-art oper-
ating rooms; expanded radiology fa-
cilities, including a so-called flying 
magnetic resonance imaging (MRI) 
machine that can travel along an 
overhead track linking two operat-
ing rooms; new emergency room fa-
cilities, including a pediatric emer-
gency department twice the size of 
the previous facility; a large, col-
umn-free ambulance drop-off and 
turnaround space beneath a portion 
of the children’s tower; and new pe-
destrian bridges and elevated walk-
ways connecting the NCB to other 
Johns Hopkins Hospital buildings 
and to a 2,000-car parking garage 
that also houses the new building’s 
energy plant.

More than 500 pieces of artwork 
by various contemporary artists, 
painters, and sculptors were inte-
grated into the NCB’s public spaces, 
including Robert Israel’s school of 
bulbous, yellow fiberglass puffer fish 
suspended over the main stairs in 
the entrance lobby of the children’s 
tower; his purple fiberglass and steel 
cow jumping over the phases of the 
moon above the visitor information 
desk; and his 22 ft tall, brightly col-
ored fiberglass and aluminum os-
trich hanging from the ceiling of the 
children’s tower’s four-story atrium. 

The towers of the NCB are each 
framed in steel, including their 
cores, and are clad in brick-faced pre-
cast-concrete panels and multicol-
ored glazing, the glazed portions in 
the adult tower forming large blocks 
that cantilever nearly 15 ft. The glaz-
ing on the children’s tower forms an 
iconic curving facade that extends 
approximately 18 ft over the adja-
cent sidewalk. Designed by the art-
ist Spencer Finch, the fritted glazing 
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he design and construction of 
the 1.6 million sq ft New Clini-
cal Building (NCB) at the Johns 

Hopkins Hospital complex, in Balti-
more, which combines a pediatric care 
center with an adult cardiovascular and 
critical care center, demanded close co-
operation on the part of the client, the 
engineers, the architects, the medical fa-

cility planners, the contractors, various groups 
within the hospital, and others. The collab-
oration was often somewhat nontraditional, 
and some parties found themselves working 
together at an earlier stage than would be typi-
cal if it were a nonmedical project. The result 

is a triumph of function and form that opened 
last year, a $1.1-billion investment that has en-
hanced and expanded the hospital’s patient care 
capabilities while creating a beautiful and even 
whimsical setting, especially in the new pedi-
atric care facilities.

Composed of two 12-story towers connect-
ed by an 8-story podium section, the NCB fea-
tures the 205-bed Charlotte R. Bloomberg 
Children’s Center (also known as the children’s 
tower) and the 355-bed Sheikh Zayed bin Sul-
tan Al Nahyan Tower (the adult tower). The 
podium section is structurally part of the adult 
tower and is separated from the children’s tower 
by an expansion joint. The towers were named 
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complex. The public spaces feature  
more than 500 pieces of artwork, including 

a school of yellow fiberglass puffer fish, 
above, designed by the artist Robert Israel.

The two towers and 
connecting podium of the 

New Clinical Building, 
opposite, were designed 

as a new main entrance of 
the Johns Hopkins Hospital 

The 1.6 million sq ft expansion of Baltimore’s Johns Hopkins Hospital 
presented the design team with a complicated puzzle involving the often 

conflicting structural requirements of different medical departments, as well as 
the challenges of locating and supporting large and heavy diagnostic devices 

and mechanical systems. The key lesson the engineers learned: when designing 

a hospital, the building’s program takes priority. . . . .  By Robert L. Reid

The Art of Healing
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proposed for the NCB featured stacks of concentric and ec-
centric braced frames that were originally designed to extend 
straight up through the building, but when these conflicted 
with the programmatic requirements of diagnostic areas in 
certain locations or with the double-height mechanical spaces 
on levels 7 and 8 of the NCB, which accommodate the hos-
pital’s large air-handling systems, the braced frames were 
modified. In some cases, the frames were shifted two bays 
over two floors before being returned to their original align-
ment, says Kates. 

A hospital’s “lateral system may dance around the build-
ing,” explains Stocks, and the stairs “will 
have to transition horizontally—you don’t 
get a stacked core of stairs like you might 
in a typical building.” 

Likewise, the space requirements of 
medical departments within a new hos-
pital are not as easy to plan as are those of, 
say, an office building. During the early 
stages of the design phase, certain spac-
es might be designated for certain medi-
cal functions that would accommodate a 
particular structural solution in that loca-
tion. But as the project moves forward and 
the hospital staff and the medical facility 
planners finalize the locations of key de-
partments and functions, the different user 
groups might move from floor to floor, 
giving rise to new spatial requirements. 
Thus, the structural solution that previ-
ously worked in that location or on that 
floor will no longer work, Stocks says. Ul-
timately, he concludes, a hospital project 
requires an iterative process in which “you 
move things around until you get the puz-
zle to fit together.”

The pieces of that puzzle can be quite 
challenging in that they sometimes have 
conflicting requirements. For example, 
medical equipment can be extremely 
heavy and sensitive to vibrations. The new 
building’s MRI machines weigh as much 
as 24,000 lb and required reinforced floor 
systems stiffened by heavy W30 sections 
to accommodate the strict vibration crite-
ria, notes Kates.

But each MRI room occupies only 
about half as much space as a typical NCB 
bay, which is 28 ft 8 in. square. Because an 
MRI room would often share a structural 
bay with an adjacent corridor, “we had to 
be concerned with foot traffic vibration 
impacting the entire bay,” notes Stocks. 

Thus, if a piece of equipment that is 
sensitive to vibrations were located in a 
back corner of the new building, away 
from heavy foot traffic, it would require 
one floor system; if it were located next to 

a corridor through which patients might have to be raced to 
an operating room or close by the heavily trafficked emergen-
cy room, it would require additional vibration control and a 
different floor system. 

“The steel tonnage was significantly impacted by the vi-
bration requirements,” explains Stocks, and the decisions 
about those floor systems would “ripple through the whole 
project.” A heavier floor system in one location, for example, 
might mean there would not be enough plenum space there 
for the large pipes of the NCB’s mechanical systems, which 
feature chilled-water lines up to 24 in. in diameter supported 

by robust anchors. 
To help determine the vibration solutions for the 

NCB, the design team and the medical facility plan-
ners worked with the Johns Hopkins Hospital facil-
ities team and the vibration consultant to measure 
the vibration levels of the floor systems in the MRI 
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features patterned blocks of various sizes in 
26 shades of blue, green, purple, yellow, and 
gray, the palette inspired by Claude Monet’s 
paintings of the gardens in Giverny, France. 
The NCB site also features a series of courtyard 
gardens with sculptural trees, water features, 
and plantings that have “ancient associations 
with healing,” according to Art + Architec-
ture, a booklet produced by the Johns Hopkins 
Hospital to commemorate the new building’s 
opening last year.

The NCB was designed by the architecture firm Perkins 
+ Will, primarily through its offices in Los Angeles, Chica-
go, New York City, and Washington, D.C.; Perkins + Will 
was also part of the project’s medical facility planning team 
and worked closely with the Johns Hopkins Hospital staff. 
The Washington, D.C., office of the international engineer-
ing firm Thornton Tomasetti was responsible for the NCB’s 
structural engineering. 

Boston-based Bard, Rao + Athanas Consulting Engi-
neers, LLC, was responsible for the mechanical, electrical, 
and plumbing systems; Cerami & Associates, of New York 
City, was the vibration consultant; and the construction man-
ager was Clark/Banks, a joint venture of Clark Construction 
Group, LLC, of Bethesda, Maryland, and Banks Contracting 
Company, of Baltimore.

Because of the many challenges that a hospital project 

presents with regard to the large and heavy 
medical equipment that must be accommo-
dated, as well as the especially large pipes re-
quired for the mechanical systems and the 
sometimes conflicting structural require-
ments of various departments or groups, the 
structural engineers had to work closely with 
the other members of the design team early 
in the design process, notes R. Wayne Stocks, 
P.E., LEED AP, a Thornton Tomasetti manag-

ing principal. Thornton Tomasetti also worked closely with 
the construction manager during the construction phase. 
Some owners frown upon this type of collaboration, but the 
Johns Hopkins Hospital executives encouraged it. 

A hospital project is “like a big puzzle,” explains Stocks. 
There are various facilities throughout the building, includ-
ing those for surgery, intensive care, and diagnosis, and “each 
of those needs to be a certain size and needs to be in specific 
locations, with proximity to other functions,” Stocks notes. 
“One group might need a clear floor plan in a certain area, but 
the floors above and below may not need clear plans in the 
same location,” he adds, “so the bracing locations that work 
on one floor don’t work for the other floors.” 

Consequently, the structural design cannot follow a sim-
ple, one-size-fits-all approach. “Program takes priority” in a 
hospital, adds Zachary D. Kates, P.E, LEED AP, a Thornton 
Tomasetti vice president. As he explains, the lateral system 
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A purple fiberglass and steel 
cow jumps over the phases 

of the moon above the visitor 
information desk, and a 22 ft 

tall brightly colored fiberglass 
and aluminum ostrich is sus-
pended from the ceiling of the 
children’s tower atrium, both 

by the artist Robert Israel.

The courtyard gardens fea-
ture sculptural trees, wa-
ter features, and plantings 
that historically have been 
associated with healing.



from the other buildings at the site, no 
shoring or underpinning of the exist-
ing foundations was required; grade 
beams were cantilevered over certain 
caissons to support new columns ad-
jacent to the existing structures, notes 
Kates.

The framing of the NCB utilizes 
W14 steel columns up to size W14 
× 550; W21 girders designed to cre-
ate the maximum plenum space for 
mechanical systems; cambered W16 
beams; and W14 diagonal braced-
frame members up to size W14 × 193. 
The cantilevered glazing, which for 
the most part encloses patient rooms, 
is supported by a series of diagonal 
steel tension members that are tied 
back to the building’s steel cores and 
hidden within the walls of the patient 
rooms. The glazing is designed to 
withstand wind speeds up to 90 mph.

On the eastern side of the NCB, 
a series of full-depth trusses were in-
stalled to accommodate the eight floors of the children’s tow-
er that cantilever over the sunken MRI building, and a series 
of 6 ft deep built-up steel plate girders spanning 60 ft were 
used to create the column-free ambulance turnaround space. 
The full-depth trusses were also config-
ured for a column-free corridor at a nurses’ 
station on that side of the children’s tower, 
but that corridor was relocated during a 
subsequent iteration of the design, notes 
Stocks, who muses, “We thought we had 

made it work, but it got moved!”
To create a roughly 60 by 60 ft auditorium on level 2 of 

the adult tower, the engineers also designed a one-story sacri-
ficial W14 column that was cut out of the structure by torch 

after a transfer truss had been constructed 
within the mechanical space on level 7, 
obviating the need for temporary shoring 
during the construction phase, says Stocks. 
This truss transfers the floor loads hang-
ing beneath it but also acts as part of the 

lateral system, explains Kates, and links 
to another part of the braced frame that 
“danced around” to accommodate pro-
gram requirements elsewhere. 

In addition to the floor-mounted 
MRIs, the new building features a “fly-
ing” MRI system that weighs 14,000 lb 
and operates on a set of overhead tracks 
supported by heavy W24 steel members 
that are tied into the building’s steel col-
umns. Designed to provide neurological 
scanning of a patient while surgery is in 
process, the hanging MRI can glide be-
tween two adjoining operating rooms, 
and since its framing system is indepen-
dent of the floor framing, vibration is-
sues are avoided, notes Stocks. 

The floor systems of the NCB feature 
composite decks that typically range 
in thickness from 6.25 to 7.5 in. Some 
decks, however, are as much as 9 in. 
thick to reduce the sound transmissions 
of especially loud medical equipment, 
including the MRIs. In certain locations, 

and computed tomography scan-
ner areas in the hospital’s existing 
buildings. These data, which re-
flected vibration levels that were 
known to be acceptable for the 
MRI and computed tomography 
equipment, enabled the design 
team to determine “appropriate 
and proven vibration design cri-
teria for the new building,” notes 
Kates.

At the same time, the hospital 
staff and the medical facility plan-
ners also had to consider the hos-
pital’s future medical equipment 
needs and the advances in medical 
technology that could be expect-
ed. For example, when the design 
team discussed the vibration crite-
ria with the hospital staff, the de-
signers were told that in the next 
decade the hospital’s operating rooms would probably have 
equipment even more sensitive to vibrations, says Kates. 

In anticipation of those eventual changes, the NCB’s floor 
systems were designed to meet higher standards for vibra-
tion control, an approach that Kates calls “designing for flex-
ibility.” Moreover, the load and vibra-
tion capacities and other data, including 
acceptable pathways for moving equip-
ment, were carefully documented and 
mapped in the structural drawings so 
that, in the future, the NCB staff would 
know exactly where new equipment 
could be located because they would 
have access to information pertaining to 
the existing structural capacity and vibration behavior of its 
floor systems. 

The initial uncertainties of designing a hospital mean that 
“you can spend a lot of time chasing your own design crite-
ria, even when [they’re] fresh in your mind,” explains Stocks. 

Five or ten years later, “you might not remember exactly 
where things were or the basis of the design,” he adds, and so 
by documenting and mapping everything, “it’s right there 
in black and white.”

The NCB was constructed on a site with little space to 
spare. Structures were demolished to 
make way for it, and the NCB cantilevers 
on the southern side of the site over a por-
tion of sidewalk and on the eastern side 
over the corner of a mostly sunken MRI 
building that remains in use. Roughly a 
backward-facing L in plan, the site mea-
sures approximately 565 ft long in the 
east–west direction and up to 515 ft long 

in the north–south direction. Because the site is more than a 
mile north of Baltimore’s Inner Harbor, the excavation for the 
basement levels and the foundations did not have to contend 
with any water problems during construction, notes Kates.

Because the site slopes downward from south to north, 
the NCB features two basement lev-
els along its southern edge but three 
underground levels along its north-
ern side, which is supported by a re-
inforced-concrete retaining wall. The 
basement levels encompass only a por-
tion of the building’s footprint: a small 
section located beneath the braced-
framed steel core of the children’s tower 
and a larger partial basement beneath 
the northern half of the adult tower. 
The two areas are linked underground 
by a tunnel that is one bay wide, ex-
plains Kates. 

The foundation system features re-
inforced-concrete caissons 3 to 10 ft 
in diameter reaching depths of 15 to 
50 ft. Because of the caissons’ distances Z
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The curtain wall of glass and steel fea-
tures a frit pattern designed by the artist 

Spencer Finch, above. The planned remov-
al of a one-story-high W14 steel column 

and the construction of a transfer truss in 
an upper-level mechanical space helped 
to create a 60 by 60 ft auditorium, below.

The approximately 110 ft long, steel-
framed pedestrian bridge for the chil-
dren’s tower spans Orleans Street. It 

was lifted into position as a single unit 
weighing approximately 45,000 lb.S
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Plan View of 
Children’s 
Tower sTeel 
framing
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During the dedication of the NCB, in April 
2012, “we were fortunate to hear many stories 
from the nurses as well as the doctors about how 
much they’ve just been waiting for this building 
to open so they can use it to its fullest potential,” 
notes Kates, who considers this project to be a 
highlight of his career. 

The design and construction of the NCB posed 
numerous challenges, requiring innovative and 
flexible solutions to a project that continually changed 
throughout the design process. But Kates and Stocks look 
back on the experience with a special sense of pride—a col-
lective pride that includes all of the design team, as well as 
the client, the contractors, and a list of others—and stress that 
the inherent collaboration required for something like this to 
be successful automatically makes it much more rewarding 
than other projects. ce

Robert L. Reid is the senior editor of Civil Engineering.

ProjecT crediTs  Owner: The Johns Hop-
kins Hospital, Baltimore Architect: Perkins + 
Will, Los Angeles, Chicago, New York City, and 
Washington, D.C., offices Structural engineer: 
Thornton Tomasetti, Washington, D.C., office civil 
engineer: Rummel, Klepper & Kahl, LLP, Balti-
more Mechanical, electrical, and plumbing engi-

neer: Bard, Rao + Athanas Consulting Engineers, LLC, Boston 
Vibration consultant: Cerami & Associates, New York City 
Landscape architect: OLIN, Philadelphia and Los Angeles 
construction manager: Clark/Banks, joint venture of Clark 
Construction Group, LLC, Bethesda, Maryland, and Banks 
Contracting Company, Baltimore Steel fabricator: SteelFab, 
Inc., Charlotte, North Carolina (above-grade steel); Helmark 
Steel, Inc., Wilmington, Delaware (below-grade steel)
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the floor slabs also incorporate depressions, ranging from 
as little as 2 in. in the patient shower room floors so that 
patients do not have to step up or down to enter a shower 
to as much as 6 in. to accommodate recessed mounting 
plates for the medical equipment.

The NCB’s mechanical systems are contained in the 
double-height space that extends across both towers and 
the connecting podium. To accommodate the unique 
safety requirements of the hospital, critical mechani-
cal, electrical, and plumbing systems are braced against 
seismically induced movement via what are called steel 
kickers, that is, diagonal supports that connect to the 
floor diaphragm to limit sideways movement, explains 
Kates. 

The NCB features mechanical equipment on its vari-
ous roofs, including the elevator and stair overruns. The 
adult tower’s roof also includes a helicopter landing plat-
form made from lightweight, noncorrosive aluminum 
and supported on steel framing tied into the tower’s steel 
columns. The helicopter platform features rubber isola-
tor bearings to prevent the transfer of vibration into the 
building, notes Kates, and has a built-in heating system 
“to melt snow so they can land in all weather.”

The roof of the podium section between the towers 
features a vegetated layer that hosts plants with low wa-
ter requirements, says Stocks. Added late in the design 
phase, this extensive “green roof” system was chosen to 
minimize the loads on the structure and to minimize the 
changes that would have to be made to the structural sys-
tem, Stocks notes.

Another late design change involved the addition of 
an entrance canopy that wraps around the southern fa-
cade at the front of both the children’s and the adult tow-
er. Cantilevering 28 ft, the steel-framed canopy features 
tapered steel members wrapped in metal panels.

The project also constructed two pedestrian bridges 
over Orleans Street that provide access to a large parking 
garage that was designed by Thornton Tomasetti and 
constructed in 2004 as part of a preliminary phase of the 
NCB expansion project. The steel-framed, glazed bridge 
from the children’s tower is approximately 110 ft long. 
It was constructed on the ground and lifted into position as a 
single unit weighing approximately 45,000 lb, notes Kates. 
The garage was retrofitted with a new staircase and elevator 
tower to support this bridge, adds Stocks. The bridge connec-
tion had long been planned, he adds, but the exact location of 
the connection had not been determined. 

Since the adult tower is farther from the street, its bridge 
is 243 ft long but does not cross Orleans Street. It is support-
ed on pairs of steel beams known as hammerheads that are 
bolted to single concrete piers spaced at roughly 30 ft inter-
vals, and its roof is supported laterally by a series of moment-
resisting steel frames. 

Orleans Street is crossed by a bridge that was completed 
at the same time as the parking garage, explains Stocks. That 
bridge connected to what had been a freestanding brick stair 
tower located on the northern side of Orleans Street, where 
the NCB was constructed. The bridge from the adult tower 

was connected to this brick stair tower, thus providing access 
to the garage. The bridge from the adult tower features slide 
bearings at each end designed to prevent lateral movement 
while allowing longitudinal movement in response to tem-
perature changes or seismic forces, notes Kates. 

Another new bridge connects two levels of the NCB to 
an adjacent cancer treatment building, thereby linking the 
new building to a series of elevated walkways that extend 
throughout the Johns Hopkins Hospital campus. 

All told, Thornton Tomasetti engineers spent roughly 
seven years on the NCB project, their work continuing even 
during the construction phase. Indeed, at one point, by de-
termining that a large crane could safely be braced against a 
partially completed structure, they helped the contractor save 
time, notes Kates. But the engineers also remained cognizant 
that others, especially on the client’s side, had spent as much 
as 20 years planning for this world-class facility. 
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The cantilevered blocks  
in the adult tower, as well  

as other portions of the glaz-
ing, feature a pattern of colors 
designed by the artist Spencer 

Finch and inspired by Claude  
Monet paintings.

Reid


