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INTRODUCTION

The architecture of 1.M. Pei isidentified by aclear commit-
ment to large expanses of glass supported by clearly visible
and expressive structural frames. Thelarge exterior transpar-
ent surfaces provide bountiful amounts of daylight and, asa
function of orientation, opportunities for frequent solar glare
and the capture of large amounts of radiant energy in the
envelopeinterior. Thisarchitectural vocabulary isevidentin
the East Building of the National Gallery of Art (Washington
DC, 1978), the John Fitzgerald Kennedy Memorial Library
(Dorchester, Massachusetts, 1979), the Louvre Entry Pavil-
ion (Paris, 1989), and now in the Rock and Roll Hall of Fame
(Cleveland, Ohio, 1995).

This paper is a report of the investigations we have
conducted todiscover theimpactsof the daylighting and solar
energies upon the Rock and Roll Hall of Fame, and the users
of that space.

A RELOCATED BUILDING DESIGN

The Rock and Roll Hall of Fame was originally designed to
sit on another site in downtown Cleveland. Theoriginal site
and corresponding design were located on the eastern edge of
the banks of the Cuyahoga River, related to thecity center or
Public Square, and included a large northeast facing glass
enclosed entry facade. When that site proved to be too tight
for the amount of traffic and activity contemplated for the
project, the site waschanged and theorigina buildingdesign
moved to the new site. This new site is on the edge of Lake
Erie. Consequently reversing the building orientation and its
relationship to the city center and skyline. What was previ-
ously a northeast entry facade defining an enclosed glass
arrival atrium was rotated and became a southeast facing
element and a space exposed to direct daily solar radiation.
This rotation of glass facades stimulated questions for us
concerning theimpact of the solar energies upon theenclosed
environment as generated by the changed orientation. It
posed aunique opportunity to examineand address questions
as to the influences of natural light and heat upon enclosed
environmentsand the aspect of building orientation. Did the
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southeast orientation sufficiently increase thesolar influence
on the building interior to detract from or reduce the architec-
tural quality or, perhaps, did it increase thequality, or werethe
influences inconsequential to the overall goalsand intentions
for the space and building? How important isthe connection
to nature for building occupants and how does an awareness
of thedaily and seasonal solar cyclesinfluence our enjoyment
and use of aspace?

The building iscomposed of aseven-story, 167-foot-high,
60-foot-square tower backing to Lake Erie at the northwest.
Attached is a sloping glass triangular tent facing roughly
southeast and enclosing the central arrival and circulation
area. Thistriangular space isapproximately 292 feet long in
plan facing southeast with two adjacent vertical glass walls,
approximately 162 feet long, facing west and north. Thelong
southeast facadeis at a45" slope to the north tower and the
horizontal ground entry plane. Entry to thisarrival space is
over a paved exterior plazathat serves asaroof to the main
exhibition area. Thisbelow-ground exhibition area contains
the largest exhibit content in the building.

Pei's effort to capture the vibrant and rebellious nature of
the rock and roll culture is expressed in various geometric
volumes exploding from and through the tower and glass
atrium. Visitors, upon arriving in the atrium, are led to the
lower level viaan escalator, to begin the museum tour in the
large, underground exhibition space. Upon completion of
thisaspect of thetour, they areled to another escal ator, which
transports them up two levels, through the main entry floor
level to the second floor level and then, viaanother escalator,
to the third floor where a cafeteriaislocated. Thiscafeteria
floats within the glass atrium on a horizontal plane extending
out toward the glass roof. From thislevel, visitors proceed
upward to and through the fourth and fifth levelsand exhibits
to theculmination of the trip on the sixth floor where, within
thetall tower, islocated the' Hall of Fame." Thehonoreesare
exhibited in a darkened room in an environment that is
probably the most problematic spacein the building duetoits
limited circulation areaand lack of sufficient light for move-
ment through the space. Thecirculation into and through the
north tower iscrowded and circuitous. Theroutes areforced



Figure 2. Southeast elevation.

"SOUPED-UP AND "UNPLUGGED"

and do not appear to have been given agreat deal of planning.

The glass atrium has, however, proved to be an exciting
focal point, not only for the visitors, but also for the city of
Cleveland. Theexterior image of thisspace and itsrelation-
shipsto the other forms have become the community symbol
and icon. From the standpoint of an architectural, aesthetic
experience, the space works very well. Visitors and employ-
ees, typically, overlook the building circulation, functional,
and environmental problems, and are entranced by the cul-
tural features and spatial excitement.

From the standpoint of standard human sensory and func-
tional comfort criteria, the space is less than satisfactory.
Comfort is achieved as a secondary issue relative to spatial
and cultural experience— thenat aconsiderable cost in mate-
rial and energy resources and financial expenditures. Itisthis
space upon which we have focused our attention in measuring
the environmental performance. We have sought to better
understand therole of environmental sensory experience and
systems in achieving a significant architectural monument.

BACKGROUND STUDIES

Under a"Vita Signs™ grant, we have conducted astudy of the
atrium environment and the building performance. This
study involved a careful analysis of the impacts of solar
energy upon the space and its occupants. W e examined the
thermal and visual conditions provided the occupants at
critical points within the space. The daylighting was mea-
sured and evaluated throughout by on-site measurements,
physical models, and " Lightscape" computer models. An
analysis of the annual energy consumption was conducted
through the use of the "Ener-Win" computer simulation
program, authored by Professor Larry Degelman, Depart-
ment of Architecture, Texas A&M University.

Theresultsof thisstudy aredocumentedin areport under
the"Vita Signs" project by theUniversity of California. This
project can be visited at: http://WWW.saed.kent.edu/
~kremers/rock.html

VISUAL ENVIRONMENT ANALYSIS

We learned through this study that excess visual contrast
levels do exist in the space during many daylight hours,
particularly in mid-morning clear weather conditions. The
contrasts are not constant and have a very dynamic quality.
Thewall structural elementscreatecontinually shiftingshadow
patterns on the floor and interior walls as they intercept and
absorb a portion of the incoming solar energy.

Prior to the opening of the facility in the Fall of 1995,
Mojtaba Navvab, Professor of Architecture at the University
of Michigan, conducted an investigation of the visual glare
problems posed by thesoutheast glassfacade. Hisreportisin
the February 1996 issue of Lighting Design and Application
and the Summer 1997 Journal of the llluminating Engineer-
ing Society. Navvab's investigation identified the existence
of significant glare within the space.

Thedaylighting analysis, conducted by the University
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of Michigan Daylight Simulation Laboratory, consid-
ered the complexities of daylighting. The study in-
cluded the shading coefficient of the glazing system;
glass transmission; luminance and illuminance mea-
surements, both on-site and computer correlates; and
the impact of direct, reflected and contrast glare at
various times of the day. The investigation identified
problem areas near the apex of theatrium, the entry on
the first floor and the balcony above the video wall."

Navvab measured average horizontal illuminances reach-
ing 3000 fc. He comments:

hourly conditions could generate 6000 fc or more with
internal inter-reflection. At the three problem loca
tions, the average CIE glare rating under clear skies
variesfrom 60-75, placing it in the 'disturbing range.'

Through our model studies and on-site measurements, we
verified Navvab's data. Daylight measurements varied from
60-4600 horizontal fcin our studies. Thedataiselusive. The
shadow patternsand moving direct solar light source makeit
difficult and, arguably, irrelevant to establish fixed and com-
parable illuminance and luminance val ues.

Glare and excess contrast levels exist relative to the
various visual functions and tasks. Weidentified six critical
visual tasks:

(1) Thetask whichinitially stimulated Navvab’s work was
motivated by the potential solar radiation damage to the
commercial displays. The potential isreal, much like that in
amuseum or library, where radiation will always do irrepa-
rabledamagetotheartifactsandstoredmaterials. Inthestore-
like atmosphere the employees and shoppers, blinded by
direct sun, generally overlook the excess contrast. The
possibility of reduced sales in the spaces due to customers
avoiding the environment under high contrast conditionsisa
question for the retailers to address.

(2) A second visual task, closely associated with the retail
spaces, istheobservation of video monitorslocated abovethe
sales displays. The monitors display rock and roll perfor-
mances. TheseTV displays are virtually unnoticed, not only
as to the programmed contents, but even as to their very
existence. Building users fail to observe these elements
because the daylighting drowns out and eliminates the con-
trasting visual signals provided by the monitors.

(3) At thecafeterialevel, the visual tasks associated with
dining, including a heads-down view of the table topsand a
heads-up view for conversation, are very difficult to tolerate
on clear days. The surrounding vertical surface contrasts
overpower the desired visual goals. The interior vertical
white surfacesas well asthe dominating viewstotheexterior
are excessively bright and cause contrast levels which pro-
duce visual glare and discomfort. Also, the solar radiation
thermal heat absorbed by occupants of the space produces
uncomfortably warm conditions not measured by the HVAC
control systems. The combination of the visual glare and the
high temperature conditions causes people to move to other
locations. This location is one of the most dynamic and

exciting locations spatialy, but the more confined dining
areas receivethe greater use. One of the human dynamicsis
that in a large volume such as this, people simply move to
another location when they experience sensory discomfort
and still find themselves within the total spatial experience.

(4) Another extremeoccursat themainentry level, wherethe
southfacingstoreisseparatedfromarear storeareaby astorage
and elevator enclosure. Therear or north storeareaislighted at
much lower levels than thefront or southarea. This north area
is open on the west side to the atrium and the views into the
store from the atrium provide contrast levels that make it
nearly impossible to ascertain the visual detail in the store.

(5) Circulation lighting relative to the visual task is ad-
equate until reaching the pinnacle at the "Hall of Fame."
Thereismore-than-amplelight throughout the central atrium
space for circulation. When the enclosed, totally electrically
lighted "Hall of Fame" exhibit isentered, the lighting levels
suddenly become extremely low and a period of time is
needed to adapt to the reduced levels.

(6) Other exhibit spacesareelectrically lighted toadequate
levels and the design of the exhibit lighting is typically high
contrast and focused. Daylightingis not available in most of
the exhibits.

In contradiction to our original thesis that the orientation
of the building was the reason for excess visual glare occur-
ring in the atrium, we learned that rotating the atrium in any
direction did not appreciably eliminate the problem of visual
glare. Thetriangular plan of theatriumisdefined by not only
the sloping glass entry wall but also by two triangular side
glass walls. Only the vertical rear tower is an opague
enclosure element. Rotating the atrium simply exposes
another glassfacade to the problem causing solar conditions.

THERMAL ENVIRONMENTAL ANALYSIS

Wealsoinvestigated thethermal conditionswithintheatrium.
Wewereparticularly interested in the question asto whether
the large amounts of solar energy that entered the space on
clear dayswould create conditions that provided excess heat
or conditions too warm for thermal comfort. The original
project was conducted during the spring of 1996. While the
solar impactsweresignificant, the warm exterior temperature
and high humidity conditions of the Cleveland summersdid
not occur during thistime period. It wasnot until thesummer
of 1996, when wedidin-depthoccupant surveys, that we were
ableto correlate the hottest periods of the year with our data.

Solar radiation does cause local discomfortasindicated in
the previousdiscussion concerning thecafeterialighted envi-
ronment. At thetime of thisarticle, with admittedly limited
data, we find no correlation between warm exterior air tem-
perature conditions (as distinguished from solar radiation
heat gain) and indoor thermal discomfort. Thermal discom-
fort due to large amounts of interior heat gain does occur but
itisdueto the HVAC distribution system. The mechanical
systems overpower the excessive cooling loads. This satis-
fies the temperature conditions at the control points. It also
leads to one of the thermal problems identified in the study.
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Figure 3. Interior visua contrast.

W eheard very soon in our studiesthat peoplecomplain about
cool drafts from air supply delivery devices located at the
ground floor or main level of the atrium. The large amounts
of air required to cool the space are introduced at occupant
level around the glass perimeter. Occupants who get close to
these air supplies experience temperaturestoo cool and drafts
too highin velocity for comfort within the supply air paths.

Another problem is that the 115 foot high vertical open
space of theatrium providesgreat opportunity for stack effect
heat to collect at the upper levels. The cafeteria, escalators,
balconies, and a number of exhibits are open to the atrium,
separated by vertical position. Thelargeair handling systems
cannot provide uniform thermal conditions within thisspace.
Cool conditions at the main level do not eliminate typically
warm conditions at the upper levels. The building service
director has addressed this problem by opening the fire
exhaust grill at thetop of the atriumon warmdayssoasto pull
the cooler supply air to the top of the atrium and exhaust the
warmer air completely to the outside.

Temperature measurements at the main floor bookstore
and at the third floor cafeteria illustrate the differences. The
comfort zone of 68-72" is exceeded frequently at the higher
interior levels. Temperature sensingdeviceswereexposed to
thesolar radiation aswell astheair temperature. They express
not only the ambient air conditions, but also the differences
duetosolar radiation onclear daysasopposed tocloudy days.
The temperature differences approximate 1 0 F higher tem-
peratures at the third floor as compared to the first floor.

VISITOR SURVEY

A questionnaire wasdevel oped to determinevisitor response
to the environmental issuesand their perception of thelight-
ing and thermal environments and systems. This question-
naire was administered during the summer of 1996.
Threelocationswerechosen for students to administer the
questionnaireto visitorsoccupying those locations. Thethree
areas were the main floor entry, the book and gift shop on the
main floor, and thethird floor cafeteria. Thesethree areashad
proved to be significant in our measurement studies as clear

indicators of thermal and visual influencesdueto the building
envelope and orientation. Additionally, they were areasthat
typically required visitors to remain a significant amount of
time in order to experience the functions associated with the
locations; thus they would experience the environmental
issueswith which we were concerned. Documentation of the
length of time a typical visitor remained in these locations
varied from fifteen minutes to over one hour.

Questionnaires were distributed between the hours of
10:00 AM and 3:00 PM on the hour on randomly chosen mid-
week daysduring the months of June, July, and August, 1996.
Corresponding exterior temperaturedata was collected from
the National Weather Bureau. The building service director
verified the thermostat settings as being constantly between
68°F and 72°F at the times the questionnaires were adminis-
tered.

PERCEIVED THERMAL COMFORT

The HVAC system includes more than 280 thermostats
generally set tomaintain the measured temperatures within 2
°+/- of 70°F. During the summer monthsthistemperatureis
set regardless of what the exterior temperature conditions are.

Table One indicates the "visitors' perceived tempera-
tures" associated with these conditions. Theindoor tempera-
tures are constant as explained above. The outdoor hourly
temperatures arethetotal rangesdocumentedduring theall of
the questionnaire times.

Perception of the indoor temperatures varied from 13°
below theset temperature to 18° above theset temperature. In
spite of these significant perceived temperature ranges and
their differencefromthe normal comfort zone (68"-78°), 78%
of the respondents indicated they were comfortable. Signifi-
cantly, 22 %expressed thefeeling that they were not comfort-
able or satisfied with the interior temperatures. Of this22%,
72 % found the space too cold and 28% described the space
as too warm. In relation to location, the bookstore were
perceived to be below the thermostatic setting by 73% of the
respondents. The entry location was perceived to be below
the thermostatic setting by 68% of the respondents. By
contrast, 92% of those interviewed expressed the perception
that the cafeteria was above the thermostatic setting.

TIME OUTDOOR PERCEIVED

(DST) TEMPERATURE TEMPERATURE
RANGE(F) ®

10 AM 68 -78 60 -85

11 AM 68 - 82 50 - 85

NOON 72-82 74-89

1 PM 72 - 82 50 - 85

2 PM 72-83 40-90

3PM 73-83 55-82

Fig4. Table 1.
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PERCEIVED VISUAL COMFORT

Many visitorsto the building will enter wearing sunglasses or
tinted lensesand continue to use those shading devicesin the
interior. Thelight levels are such as to generate the impres-
sion of exteriorlightingquantity. It wasdecided to document
thenumber of visitors who continued to wear shading devices
in the interior. This number proved to be 18% of those
interviewed. Additionally, of those not wearing shading
devices, an additional 13% expressed some visual discom-
fort. Typical answers as to why and where this discomfort
arose were excess overall light quantities and glare.

CONCLUSIONS

The building could be better. It could be a great piece of
architecture. A strong visual expression hasbeen created and
aninviting spacein which todisplay and store the artifacts of
the cultural phenomena, " Rock and Roll," stands along the
shores of Lake Erie. Within this sculptural enclosure a
satisfactory environment for human occupation, comfort,and
performance exists. It is not an optima environmental
condition based upon current environmental standards and
the opinionsof a number of building occupants. In addition,
the satisfactory environment is maintained at a considerable
cost in materials, operating energies, and financial expendi-
tures. If the design process had included consideration of
climatic responsive elements, the ultimate project would not
only havebeen greatly enhanced, but theopportunity tocreate
truly significant architecture would have been grasped.

Solar shading devices at the glass envelope, either on the
exterior or theinterior, would have eliminated the problems
of visual glare and extreme contrast, radiation damage to the
book and gift shop artifacts, and excess interior solar heat
gain. Theaddition of these elements to the original building
form does not appear to be a detracting consideration. The
addition of these elements after completion of construction is
a costly endeavor wrought with the difficulties of detailed
integration with the existing envel ope elements.

Theinclusion of a natural stack effect ventilation system
would bea natural consequence of the overall building form
and interior space concept if it were considered in the design
process. Thebuildingservicedirector hasintuitively grasped
this concept in the use of the fire and smoke ventilation
exhaust system for peak cooling load conditions.

Recognition of the local interior thermal conditions cre-
ated by HVAC distribution system in the design process
would have provided a more uniform and integrated interior
thermal environment. Supply outlets located with respect to
theoccupantsand sensitivity tothethermal pathstothereturn
air grillswould provide increased human comfort and not just
adequate balance for the total space with respect to the
exterior environmental conditions. The resulting enhance-
ment would produce increased use of thetruly exciting spatial
experiences and decrease the demand for energy resources to
provide conditions of thermal comfort in extreme situations.

These are the decisions that must be integrated in the
design processfromtheearliest stages. They cannot beadded
after the ""concept” is defined. These are the kinds of deci-
sions that we must integrate within the architectural design
educational process. Only then will future " Rock and Roll
Halls of Fame™ become significant architecture.
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