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The Platform of Arts and Creativity has a strong organized plan
grouping each program unit with a simple linear circu- lation. Take
note on how the main entrances and the circu- lation spaces face l
toward the central square and how the program spaces line the

edge of the site.

Platform of Arts and Creativity

The Platform of Arts and Creativity by Pitagoras Arquitectos is great
example of program organization. The project is organized into three
different parts that can be used independently as well as simultaneous-
ly: the Arts Center, Creative Labs, and Workshops to Support Emerging
Creativity. The Arts Center houses a gallery space and the multipurpose
space for additional activities, performances and shows. The Creative
Labs or the business support offices are for the reception and installa-
tion of activities related to creative industries. The Workshops contain
workspaces for various types of artists to develop projects on a tem-
porary basis. Aside from the strong organization of the program for this
project, the attention to the site is very important in this project. The
designers used the entire site and worked the slope of the landscape
into the design of the outdoor space and the circulation in and out of
the building. The shapes of the buildings are related to the name com-
monly associated with the surround- ing area known as “the square”.
The name is inherited from the market square where the buildings that
make up the Municipal Market and the space that is defined by them
create a square, which is a common characteristic element of the urban
landscape of the city of Guimaraes. The treatment of the site and the
mesh between the visual and performance arts in this project can be
con-nected to the NCMA.PAC project program.

PANFIS DF RFVESTMFNTO DF FACHADA

L

The skin of the building is a series of brass
tubes. The tubes have different spacing
around the entire build- ing which allow

for different amounts of light to pass into
certain “'spaces throughout the project. The
city of Guimaraes is a cultural center of arts
in Portugal and the Platform of Arts and
Creativity strives to uphold to the city’s rich
title as becoming a piece of art itself.

Take note on the way that the project uses the entire site. The buidlings frame the central
space creating a versital outdoor space that works with the sloping landscape. The layout
of the site also show how the project relates to the sur- rounding district and historical
characterists of urban landscape of the city of Guimarées.

NORTH CAROLINA MUSEUM OF ART PERFORMING ARTS CENTER PRE-DESIGN ANALYSIS PRECEDENTS



MUMUTH Theatre

he MUMUTH Music Theatre by UNStudio was designed by combining a
unit-based volume (the black box of the theatre) and a series of move-
ment-based volumes (foyer and public circulation). The swirling of the
circulation elements throughout the building represents the fluid move-
ment and repetitive pat- terns of music. The facade is treated with a cus-
tom pattern of swirls in muted tone similar to stage make-up and then
the entire building is enveloped by a glittering mesh. The multipurpose
theatre can seat up to 650 and is adaptable for a variety of different
performances ranging from single instrument to dance, to full orchestra.
The MUMUTH is owned and operated by the University of Graz and pro-
motes the education of young performers so the building is in constant
use year round. An element of this project to take note on in relation to
the NCMA.PAC is how the designers created a unique circulation sys-
tem that fluidly connects all of the performance related program spaces
from the audi- torium to the practice rooms. Conceptually, the vertical
circulation is telling the occupant to follow the music.

Rehearsal spaces use open floor
plans that allow for a variety of uses.

Llke the rehearsal spaces, the black-
box theatre allows for a variety of
uses. The theatre can seat up to 650
occupants and is used for various
performances rang- ing from sin-

gle instrument to full orchestras, to
dance performances.

NORTH CAROLINA MUSEUM OF ART PERFORMING ARTS CENTER
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The skin of the buidling is covered with a glistening mesh similar to that of a microphone. The mesh has both a conceptual
purpose as well as a daylight- ing purpose, reducing solar heat gain within the rehearsal and circulation spaces.

The vertical circulation of the building was cre- ated to
mymic the fluid movement of music waves connecting
the main foyer in front of the theatre to the rehearsal
spaces. The swirling staircase acts as a sculpural ele-
ment in the buidling inspiring the occupants to “follow
the music”.
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Dominus Winery

The Dominus Winery, designed by Swiss Architects Jacques Herzog and Pierre
De Meuron, is located in the Napa Valley fifty miles outside of San Francisco. It
is situated in the landscape, amongst the rows of vines like a plain, rectilinear
basket of stones. Its longest axis is oriented North/South like the majority of
the vineyard's trellises. It is reminiscent of many of the existing stone barns
found throughout the valley, but only reminiscent. It is a building that also acts
like a threshold between the flatter, expansive vineyards and the steeper, ele-
vated peaks to the west. The main vineyard path cuts right through the win-
ery’s volume. The outer wall is made with an ancient building material but in an
unconventional way. The greenish-gray basalt was quarried nearby and loaded
into wire cages or “gabions”, a device often used in river engineering. Baskets
were filled with different diameter stones creating varied densities to differen-
tiate internal program spaces with varied light qualities and views out into the
landscape. The gabions are anchored to a supporting metal structure and cre-
ate a thick wall which keeps the internal spaces cool amidst the heat of Yount-

ville, CA. The outer wall envelopes an inner wall of concrete which makes up for

most of the structure. The winery is divided up into three main functional units
each connected to a phase of wine production: the tank room for the first stage
of fermentation, the Barrique cellar where the wine matures, and the storeroom
where the wine is bottled, packed and shipped. The units are divided on the
lower level by covered passages but united on the second floor.

Even though this isn’t a winery, the poetics involved in producing wine could be
a great analogy to the growth of the dancer, musician or performer. “each vine
is an individual, and its youth is its formative period. The young vine has to be
trained by developing its roots and ensuring the sturdiness of its stem, which,
taken together, constitute the knowledge and physical resistance of the future
adult vine”. This could be analogous to the academy involved in the growth

of young performers. The functional spaces of the Dominus Winery, divided
by wine production stage, could be analogous to the functional spaces of the
academy and the performance spaces. The winery was designed to show
respect for the land and to be like a shell containing the essence much like

a bottle contains the essence, the wine. It was designed with the climate in
mind. Harsh heat during the days and cool nights were responded to with the
gabions which have high thermal efficiency.

NORTH CAROLINA MUSEUM OF ART PERFORMING ARTS CENTER
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Key ldeas:

Unobtrusive human presence: integrate the winery into the
landscape visually and diagramatically

Basalt stones brought from a neighboring valley and contained
in stainless steel baskets: both an aesthetic and technical
choice for moderate the extreme temperatures of Napa Valley
A complex and elegant structure contained with the visible
block: the glass offices provide panoramic views, to observe the
activity in the vineyard

Division and integration of functional units

Reminiscent of local structures but not a copy

A gate like entrance sitting on a natural threshold

A 4
Circulation to Use

Unit to Whole

Section

Second Floor

First Floor

g o TRY 3

e QSR ISR, AT PRI AR &
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Concert Hall

Acoustical
Fabric Celinig

Architects: Grimshaw

Location: Troy, New York, USA

Principals: Vincent Chang, Sir Nicholas Grimshaw, Mark Huss-
er, Andrew Whalley

Project Team: Simon Beames, Shane Burger, David Burke,
Demetrios Comodromos, Chris Crombie, Chris Duisberg, Matt
Eastwood, Paulo Faria, Nikolas Dando-Haenisch, William
Horgan, Barbara Kurdiovsky, Kirsten Lees, Melissa Lim, Theo
Lorenz, Mariam Mojdehi, Junko Nakagawa, Michael Pawlyn,
Juan Porral

Project area: 221,200 sqf

Project year: 2008

| HH—— ;

Mechanical / Electrical 1

Seating
Concert hall seat: 0, air supplied from
underneath each , very quiet (NC 15)

Section A

lower level
Theater

The Curtis R. Priem Experimental Media and Performing Arts
Center (EMPAC) at Rensselaer Polytechnic Institute was de-
signed by Grimshaw Architects to explore new technologies Founders’ Room
in the performing arts. The building is viewed as an ensem-
ble of performance spaces. The program is well beyond our
program in terms of scope and size but the arrangement of
separate performance spaces is worthy of investigation. The
EMPAC provides five different performance environments:

a 1,200-seat concert hall, a 400-seat theater, a black box
studio, a white box studio and a dance studio. It also houses
audio and video editing suites, artists-in-residence studios

Orchestra Pit
with lift Seating
The 0, air

Mechanical / Electrical

-
n

3D Diagram

Mechanical / Electrical

-
> |

and the campus radio station. The EMPAC is multilayered, Theater
The outer layer is simply a glass box that straddles a steep
slope. Inside the envelope are the different performance en- Artist-in-Residence Audio & Video
. . . Studios Suites Rehearsal Studio
vironments in which performances can take place at the same
time without auditory interference.
‘ _— Walk-on
.' 5 Wire Rope Grids
: B il | b
e Studio1 8 s Studio2 = y A N . =l
o = s 32 e 3 ’l AT LM T TN TR A ] T p_—
e = 9 . ‘ 4 b EEEL RRER Rl ik S
0 : : = ¢ 1N ; e
. . g ] :
“0 Theater (400) 0 . . ; -~
. . 0 . o Studio 1 Studio 2
[} [J () 0 | ) 3500 square feet 2500 eel 3
: : 3o , = _ o
. [ . 0 Section B Studios
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Topography

At the Courtyard between
East & West Buildings

480

At the Entry Parking

At the Pond
At the Pavilion

R

\
Along House Creek —
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Building Usage

1. West Building (Phifer Building)
- Gallery
- Store
- Restaurant

2. East Building (Stone Building)
- Box Office
- Auditorium
- Special Exhibitions
- Staff- Deliveries

3. Service/Utilities

4. Amphitheater

5. Service/Storage
6. Storage/Maintenance

7. Pavilion

8. Private Housing

PRE-DESIGN ANALYSIS SITE ANALYSIS
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Rainfall

43.05"

Raliegh Annual Precipitation

57.07"

North Carolina Annual Precipitation

37.07°

North America Annual Precipitation

Rainfall (Inches)

NORTH CAROLINA MUSEUM OF ART PERFORMING ARTS CENTER

ANNUAL PRECIPITATION

RALEIGH 43.05 inches

NORTH CAROLINA 57.07 inches

ALL AVERAGE RAINFALL 37.07 inches

ANNUAL PRECIPITATION BY MONTH FOR RALIEGH, NC

MONTH RAINFALL
January 3.621in
February 3.4in
March 4.24 in
April 3.2in
May 3.631in
June 4.161in
July 4.77 in
August 4.71in
September 4.65in
October 3.44 in
November 3.231in
December 3.24in

JAN FEB MAR APR MAY JUN JUL AUG SEPT OoCT NOV DEC

PRE-DESIGN ANALYSIS SITE ANALYSIS
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\egetation

1. Meadow Mix: Love Grass, Little Bluestem
2. Tall fescue, Hard fescue

3. Princeton American Elm

4. Dura Heat River Birch

5. Pines, Maple

NORTH CAROLINA MUSEUM OF ART PERFORMING ARTS CENTER

Paths & Parking

PARKING LOCATIONS
1. Parking along Blue Ridge Road Entrance

2. Parking north of East Building

3. Handicap Accessible Parking in courtyard

NCMA PATH, DESTINATION WALKING TIMES

B = 723 ft or a 2.5 minute walk

- C =937 ft or a 3.5 minute walk

- E = 1587 ft or a 6 minute walk

A -
A
A - D = 1398 ft or a 5.0 minute walk
A
A - F = 2144 ft or a 7.6 minute walk
A

- G =3115 ft or a 11.4 minute walk

Note:

These times are based on a very precise math-
ematical formula of the average human walking
speed, which is the sum of the median height,
gender, and age of the entire human race: 3.1
miles per hour pr 272 feet per minute.

4
L=

.....
.............

PRE-DESIGN ANALYSIS SITE ANALYSIS
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NCMA Artwork

1a. Three Elements,
1965, Ronald Bladen

6. Spindle, 1974, Henry
Spencer Moore

1b. Bird Song, 1958-85,
Isamu Noguchi

‘g 7. Naked Muse, Without
Arms, 1905-6,

1c. Gift of Stone, 1982, Auguste Rodin
Isamu Noguchi

8. Flight Wind Reeds,
2003, Bill and Mary
Buchen

3. Ogromna, 2009,
Ursula von Rydingsvard

9. A Closer Look, 2010,
Tim Purus

10. Picture This, 1994-
97, Barbara Kruger,

! Henry Smith-Miller, Laurie
4. Askew, 2009, Hawkinson, and Nicholas
Roxy Paine Quennell

11. Wind Machine, 2002,
Vollis Simpson

5. Knife Edge, ,
Henry Spencer Moore

12. Collapse |, 2000,
Ledelle Moe

13. Gyre, 1999, Thomas
Sayre

14. Forest for the Chairs,
2013, Tom Shields

15. | Remember Fireflies,
2012, Allison Hunter

16. Lowe's Park Pavilion,
2007, Mike Cindric and
Vincent Petrarca

17. The Conversationalist,
1997, Chakaia Booker

18. Crossroads/Trickster |,

2005, Alvin Frega

19. Benches and bicycle
racks, 2005, Alvin Frega

20. Park Pictures,
ongoing, various artists

21. Untitled, 2007,
Ledelle Moe

P

22 Cloud Chamber for
the Trees and Sky, 2003,
Chris Drury

23. Invasive. 2008,
Speed Taylor

24, Whisper Bench,
2008, Jim Gallucci

NORTH CAROLINA MUSEUM OF ART PERFORMING ARTS CENTER

Solar Paths

1. Summer Solstice - June 21

2. Equinox - March 20/September 22

3. Winter Solstice - December 21

PRE-DESIGN ANALYSIS SITE ANALYSIS
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Sun - Principles Sun - Principles

35.8° equinox o (from vertical)
(9/21 & 3/21) s 17 3 Summer solstice, 6/21
|
Raleigh'’s location at 35.8°N latitude means that at the 54-3 This psychometric chart, obtained by software e e e e RELATIVE HUMIDITY 100% 80%  60%
: : (from vertical) : : B
equinox, which falls on March 21 ahd September 21 winter solstice program Climate Con§U|tantl 1S a useful b?l DESIGN STRATEGIES: JANUARY through DECEMBER / N / DESIGN STRATEGIES: JANUARY through DECEMBER / N /
each year, the sun angle at noon will be 35.8° from 12/91 rometer of how sustainable design strategies 2.7% 1 Comfort(238 hrs) e 2.7% 1 Comfort(238 hrs) -
. . . . . , T . 2 Sun Shading of Wind 0h . J i i ’
vertical. The change in this sun angle (in section) T atector e can allow a building to inter a tolerable com- un Shading of Windows(0 fhrs) 9l e ol
throughout the season is marked by the first diagram fort zone for the user. For example, without
i . . . ~ 5 Direct Evaporative Cooling(0 hrs) 5 Direct Evaporative Cooling(0 hrs)
to the rlght. The S’[eepeSt sun angle'occurs .|n the any deS|gn Strategles’ the occupants ar‘e com 6 Two-5tage Evaporative Cooling(0 hr%;::;‘lu'um 024 6 Two-5tage Evaporative Cooling(0 hr MI:EI;J;.-'?UI . .024
summer, and the shallowest occurs in the winter. In fortable only 3% of the time annually (either 7 Natural Ventilation Cooling(@ hrs) pec 5 10.8% 7 Natural Ventilation Cooling(946 hrsiyec | o
i 0 8 Fan-Forced Ventilation Cooling(0 hrs) 80 8 Fan-Forced Ventilation Cooling(0 hrs) 80
Ordell’ to take advantage Of solar thermal benefits, uncomfortably hot or uncomfortably cold 97 % 9 Internal Heat Gain(0 hrs) 31.5% 9 Internal Heat Gain(2759 hrs)
architects must keep in mind these sun ang|es and of the ‘t|me) 10 Passive Solar Direct Gain Low Mass(0 hrs) . 10 Passive Solar Direct Gain Low Mass(D hrs) AN 020
' ' ' ' 11 Passive Solar Direct Gain High Mass(0 h = : i i in Hi T .
attempt to capture sunight n the winter whieblook- [\ e L\l L 1 s ol i can b a0 o LT A | S
ing sunlight in the summer. The far right diagram ‘ . The right-most chart shows how different pas- 13 Humidification(0 hrs) T 13 Humidification(0 hrs) i "
. . . . : . ; ; 14 Dehumidification(0 hrs) = 14 Dehumidification(0 hrs) Y Vi &
- o L) Ll Ly
expounds on side llghtlng T[echnlques not for heat 0 SIYe SUStamablelStrateglelS. af-reCt user COITnfOI"t 15 Cooling, add Dehumidfication if neededf) 5 -"_1_015 E 15 Cooling, add Dehumidfication if needed Ay - : E ’{_015 E
but for adequate worklighting in a space. without mechanical conditioning. According 16 Heating, add Humidification if needed(0 w & ‘%@ PANE g 2
to this chart: 2.7% Comfortable Hours using Selected Strateg E : 113 _'-..'!‘ E
The sun also rises and sets at different points on the To capture adequate rays on a photo- (238 out or 8760 hrs) z - e z =
. . . . . voltaic panel like the one show above, Y 2= e o012z
horizon; in the summer, the sun rises in the northeast Indirect Sunlight the most efficient tilt in 36° average for z 60 = 60
and sets in the northwest, giving it a longer path Raleigh, NC. In the summer, howev- a a
in the sky. The opposite is true in the winter. The er, _21°|is optimal, and winter, 51° is INTERNAL HEAT GAIN v08 s
. . . optimal. . . . i 50 aE R -.008
diagram directly to the right documents the angles v is the sustainable design strategy that has the < ‘ﬁ?!?’ i u
. . . . . . ] e 'L" LY
on the horizon (in plan) that the sun rises and sets at Photovoltaics come in all shapes and greatest impact on occupant comfort; it will o f,,;f’f{*j:gj
the summer and winter solstices. In order to effec- Slies, not just Ifn rigid panels. For more make 31% of uncomfortable temperatures m‘*“"*‘-% .~_‘. .
. - information, reference: -004 S5TH SRy : -004
tively take advantage of southern sun, a building may (between 55° and 70° comfortable for us- 30- P »’:- 30-
be skewed 15° either way from flush north-south | To utilize this strat dequat 20- 20 Y :
y Trom T1lush north-sou Green Studio Handbook, Kwok & ers). To utilize this stra €egy, ensure adequate - : }Wﬁ 20
. . : . gt 10 e e s e o 10-
orientation. Grondzik, Ch. 4 sunlight enters the building from the southern 'g‘é%ﬁk - 0
: : : side, especially in the fall, winter, and sprin 10 20 0 40 50 60 70 80 % 100 110 10 20 0 40 50 60 70 80 90 100 110
Mechanical and Electrical Equipment » €SP y ! ! . pring DRY-BULB TEMPERATURE, DEG. F DRY-BULB TEMPERATURE, DEG. F
for Buildings, Kwok & Grondzik, Ch. 29 when these temperatures are most likely to
occur. COMFORT COMFORT
' 3% [l COMFORTABLE 47% [l COMFORTABLE
97% [l NOT COMFORTABLE 53% [l NOT COMFORTABLE

" Winter Sun Path (12/21) The strategy “sun shading of windows” helps
make warmer days more comfortable, con-
verting 14% of annual uncomfortable tem-
peratures into comfortable ones. In the sum-

mer, attempt to block direct sunlight.

Summer Sun Path (6/21)

26 NORTH CAROLINA MUSEUM OF ART PERFORMING ARTS CENTER PRE-DESIGN ANALYSIS SUSTAINABLE DESIGN STRATEGIES 27



28

Sun - Principles

Wind Turbines are machines for generating
electrical energy by capturing the movement
of natural winds. These machines use shaped
surfaces capture the force of natural winds to
drive a mechanical generator, converting the
spinning mechanical energy into electrical en-
ergy. ldeal wind speeds for these machines are
between 5-7 mph.

One family of wind turbines are those that
create rotation in the horizontal axis. These
utilize blades or sails to capture wind energy
and convert it into rotary motion. This group of
turbines must always be facing the predomi-
nant wind, called ‘tracking’, which is a deficit of
this design.

The other family of wind turbines are those that
create rotation in the vertical axis. These use
foils to capture wind and cause rotation in-line
with the stem of the system. These machines
have a more complicated energy transfer sys-
tem, as they generate less rotational velocity
but higher torque, where it is the former that

is most useful for electrical energy generation.
These machines do not, however, need to
track to the direction of the wind.

2l

..\

RS
.'_'
N7

Wy
Bilateral lighting
(@)

Plan: side-lighting strategies to consider
in a room. Consider orientation.

Rooftop lighting techniques: sawtooth, wallwash, and louvered
skylight. Use in place of or in addition to sidelighting.

pale beine, lilas i 12% §flaars - 42%
pAle Wue, areen
| winatard nellew

white o a-WE £ &1 lings T~ A8V
| pale nelisw, rese 20% 1 lwalls | - moy

_ I W-BE ! Recommenvded Refloctances
B

———

wigdium e &%
| medivm klue, arsen L 18- BT
kA 185

Wall colors affect reflectance of light. All figures to the right use
a white wall color, but different colovrs would change the figures.

NORTH CAROLINA MUSEUM OF ART PERFORMING ARTS CENTER

4 f Maximum daylight penetration into a room
e e or building from only sidelighting.

Standard reach: Daylight depth of reach with
a standard window configuration. The
effective depth of penetration of light into a
room is about one and a half times the head
height of the window.

Increase height: Daylight depth of reach can
be increased by raising the ceiling and
window height.

Add light shelf: Adding a light shelf on
the equator-facing side as described on
pages 61 and 153 will extend the depth of
reach even farther. There are many
variations of light shelves.

Sloped ceiling: Sloping the
ceiling so that it becomes lower
farther away from the windows
can reflect more light and
increase the reach.

-

12m (39)
The upper limit of side-lighting includes the following strategies:
High ceiling: 15 feet

Slope ceiling to rear: 13 feet

Deep light shelf: 13 feet with reflective sloped edge

Rule-of-thumb diagram for typical
side-lighting strategies and their limits.

Water - Principles

The relationship between water and building envelope
is often very tense, with the architect as a nervous
mediator between the two. However, water is an in-
creasingly valuable resource, and there are many ways
to harvest and use rainwater or water used by building
processes.

Water must be dealt with first on-site. Proper drainage
is necessary to keep water away from the foundation
of the building and into useful locations, such as cis-
terns, retention ponds or natural drainage areas. Gut-
ters on roofs are not always necessary if the surfaces
surrounding the building are pervious or have a trough
drain system to guide the water away from the build-

ing.

The right-most diagram (water cycles) notes a few
different ways to reuse and recycle water in a build-
ing. Greywater is a term for water expelled from sinks
and showers: water that has been used but is void

of food and/or fecal matter. This water has potential
to be used in toilets and for watering plants, among
other uses. For more information on greywater usage,
please reference:

Green Studio Handbook, Kwok & Grondzik, Ch. 4

Mechanical and Electrical Equipment for Buildings,
Kwok & Grondzik, Ch. 22

Source

Waterless
alternatives

"S
j

3. Water cycles

Roof collection

Reuse

toilets

surace runoff

living wall

N
=

bio-filtration

living wall

R

ground

Site strategies: designers must be
aware of how a building addresses
a sloping site condition to avoid
severe water infiltration.

20-80%

of a building’s waste water is
greywater. Some of this can be re-
used in toilets, and all can be used
for irrigation.

grey water

R

)4
N
N
N
N

¥ LR 4

reuse water

grey water

K

Y SRR 4

N
\
\
\
\

reuse water

grey water

N
N

7 AR

reuse water

grey water

N
N\

g

reuse water

LR BIK &
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Water - Technology

Green roofs provide a viable use for harvested rainwater, and
a valuable combatant to urban heat island effect (see first
diagram). These elements require more structural support
due to heavier roof loads but can provide an insulating ther-
mal barrier and create usable green space above the building
for the users’ benefit.

Green walls (living walls) are an alternative option to rooftop
gardens, and require essentially the same amount of soil.
For more information on green roofs and specifications,
please see:

Green Studio Handbook, Kwok & Grondzik, Ch. 4

NORTH CAROLINA MUSEUM OF ART PERFORMING ARTS CENTER

Green Roof Cross Section

vegetation—succulents, herbs, grasses

flashing
mulch or material to
prevent erosion

gravel ballast
separati

on structure

roof structural support

r
waterproof membrane
root barrier
drainage
growth medium 2-6"
(5-15 cm)

drain

Figure identifying the room necessary in the soil for each plant, and
the modifications to this behavior when cultivating living walls.

Glazin
Latitude _ g\,
+10-15

Tank

/

Cﬁt&:vjat;sﬁpply

Awellinsulated box integrated in

the attic, roof, or ground; glazed on

the equatorial side; lined with
reflective foil; tank/collector flat
black or with selective surface.

1 Batch Passive

Water Heater
Solar heating fraction 50-65%
Advantages: Simplification,
long life, no power needed.
Disadvantages: Weight is 500
Ibs. (227 kg). so reinforcing of
roof structure may be
necessary.

Hot-water supply‘ "
K

Plant in natural ground

Insulated tank higher,
than solar collector Hot-wate
supply
AT e Backup
V)ITIS[Icm] 7 heater
v
3

7

Backup
heater

Heatexchanger‘— Cold-water supply

2 Thermosiphon Passive Water
Heater & Variations

Solar heating fraction 60-70%

Advantages: Long life, no power needed

Disadvantages: Complexity of freeze

protection, weight.

Variation 2a: A percolation system using

an alcohol water loop to drive hot water

down to a separate tank.

Variation 2b: Integral collection-tank
configuration with backup heater.

Heat exchanger ; e Backup

heater

—‘— — Cold-wate]

Pump supply

3 One-tank Active Water Heater
Solar heating fraction 60-70%

Advantages: Lighter weight, and tank is on
the building’s interior where it is protected
from the elements and is not a visual
factor.

Disadvantages: Pump and collector add

complexity. Higher collector temperatures
reduce service life.

fertiliser
gravity

Solar
collectogy

2insulated tanks

Hot-water supply

| .

Culd~water?ppty

Backup|
heater

Pump

4 Two-tank Active Water
Solar heating fraction 60-70%

Separate solar heating system from
backup system.

Advantages: Lighter weight.

Disadvantages: Solar hot water only flows
to the backup tank when hot water is

Solar

Hot-water supply
— ey

Backup heater

Double chimney
thermal diode

Two piggyback
insulated tanks

Cold-water supply

Pump

5 Optimized Two-tank Water Heater
Solar heating fraction 80-90%

This optimized configuration combines the
best of all the active systems. Here a
double set of tanks is used, one mounted
above the other. A double set of passive
natural convection chimneys between the

used, so when no water is used, the solar
water heater is useless—and it is
complex.

tanks exchange hot and cold water
between the tanks whenever the solar
tank is hotter than the backup tank.
During periods of less use such as a
vacation, no backup heat is needed. This
set of chimneys act as a thermal diode
where heat can flow up but not down.

3 Minimum added dead load on
structure due to green roof.

TABLE 4.3 Approximate weights of green roof materials. TIME-SAVER STANDARDS
FOR LANDSCAPE ARCHITECTURE, 2ND ED.

MATERIAL DRY WET
Ib/ft3 [kg/m®]  1b/ft® [kg/m®]

Sand or gravel 90 [1440) 120 [1929]
Cedar shavings with fertilizer 0.3 [149] 13 [209]
Peat moss 96 [154] 10 [166]
Redwood compost and shavings 15 [2387] 22 (357]
Fir and pine bark humus 22 [357] 33 [535)
Perlite 6.5 (104] 32 [521]
Topsoil 76 [1216] 78 [1248]
Concrete

Lightweight 90 [1400] —

Precast 130 [2080] —

Reinforced 150 [2400] —
Steel 490 [7840] —

8 ' ' Minimum depth of soil

needed for green roof.

TABLE 4.2 Minimum soil depths for green roof planting. nime-saver
STANDARDS FOR LANDSCAPE ARCHITECTURE, 2ND ED.

PLANTING MINIMUM SOIL DEPTH?®
Lawns 8—12 in. [200—300 mm]
Flowers and ground covers 10—12 in. [250—300 mm]
Shrubs 2430 in. [500—750 mm]”
Small trees 30—472 in. [750—1050 mm]”
Large trees 56t [1.5—1.8 m"

“ above filter fabric and drainage medium
" dependent upon ultimate plant size

13%

Maximum building energy savings

from using solar hot water heaters.
Water heating makes up 10-20%

of a typical building's energy con-

sumption.

Wind - Seasonal Wind Roses

These Wind Rose diagrams describe the direction, magnitude, and
frequency of natural winds in a location over a span of time. The
distance of a mark from the center describes the frequency of wind
from that direction, and the size of the mark indicates the magnitude
of those winds.

For Raleigh, summertime winds are relatively subdued and predom-
inantly South and North-Eastern winds, whereas wintertime winds
are rather extreme and predominantly Western winds.

6.65 mph

Average wind speed

7.95 mph

Average wind speed

Winter

7.67 mph

Average wind speed

6.19 mph {:}

Summer
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Wind - Renewable Energy Technologies

Wind Turbines are machines for generating electrical energy
by capturing the movement of natural winds. These machines
use shaped surfaces capture the force of natural winds to
drive a mechanical generator, converting the spinning me-
chanical energy into electrical energy.

One family of wind turbines are those that create rotation in
the horizontal axis. These utilize blades or sails to capture
wind energy and convert it into rotary motion. This group of
turbines must always be facing the predominant wind, called
‘tracking’, which is a deficit of this design.

The other family of wind turbines are those that create rota-
tion in the vertical axis. These use foils to capture wind and
cause rotation in-line with the stem of the system. These
machines have a more complicated energy transfer system,
as they generate less rotational velocity but higher torque,
where it is the former that is most useful for electrical energy
generation. These machines do not, however, need to track
to the direction of the wind.

NORTH CAROLINA MUSEUM OF ART PERFORMING ARTS CENTER
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wind turbine

mph or greater

optimal wind speed for operation
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average wind speed annual energy generation

Wind - Site Microclimate

Local site conditions can create a microclimate that affects the be-
havior of air across the site. Convection cycles in the atmosphere of
microclimates can be used to cool spaces in the proper conditions.
Convection occurs when some body of air is heated in context to
cooler surrounding air; the hot air evacuates the space it previously
occupied as it rises and cooler air is drawn in from the surroundings
to replace it.

Two particular conditions that can encourage the convective move-
ment of air across a site are valleys created in the land and air over
land adjacent to a body of water. Due to the shading provided within
a valley or the cooling or air thermal lag of a body of water, some
mass of air is heated at a different rate by the sun than the sur-
rounding air. As the hotter air rises, cooler air from these site condi-
tions replaces it.

This air movement can be harnessed to create cooler local breezes
for natural ventilation for the public spaces that are a part of this
program.

Davtime Wind Flaw Up Vallen

Mightrime Wind Flow Dwn  Vallowy

Public Sapces

Paiy Brecies Near bater Podigs
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Wind - Envelope Openings

Spaces in the built environment can capture natural winds to
generate natural ventilation for spaces. The effectiveness of
these systems is driven by openings in walls that wind trav-
els across. Least effective strategies utilize openings on the
same wall and facing the predominant winds, whereas the
most effective strategies utilize openings on surfaces parallel
to wind flow and on opposite faces of the building.

Public spaces for this program that could most take advan-
tage of this natural ventilation could be oriented along the
axis of the predominant winds during the warmer seasons
(From the South-West). To positively modify the natural ven-
tilation along these spaces, vegetation could be planted to
face the predominant winds.

NORTH CAROLINA MUSEUM OF ART PERFORMING ARTS CENTER

Wind - Shedding

Public Sapces

o
=
©
D
Ha
§ It is important to consider the adverse conditions on a site
- that natural winds can create. During the colder months of
the year, exposure to winds can can create uncomfortable
environments for human occupation and can decrease the
energy efficiency of a building.
As such, protecting a site and building from un wanted winds
may be an important task for building designers. Masses of
vegetation and other buildings will interact with the natural
wind on a site, disrupting air flow and shedding wind around
their mass. These processes can be used to shield a spaces
from unwanted Winter winds from the West and North.
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Earth - Renewable Energy Techonologies Cosmd oopSyams Earth - Earthen Thermal Insulation

R-15

at 5ft depth

Ground-source Heat Pumps (GHP) use the stable temperatures The earth itself has thermal properties that can be leveraged

of the earth as a heat exchanger for a conditioning system. The to achieve high-performance in a building from an energy
most common practice of establishing this heat exchange is lay- efficiency perspective. The earth insulates itself from the - 3 O
ing polyethylene pipe in the ground and pumping a heat exchange ft or greater outside environment as soil depth increases. As exposure to

fluid through the pipe. In the winter, the fluid extracts heat from ft or greater extreme temperatures and rain water decreases in depth, so at 10ft depth
the earth and is used to heat air being delivered to internal space. bore hole depth bore hole spacing does the ability of the earth to act as a thermal insulator to

In the summer, the system inverts, collecting heat from the air in the environmental temperature.

internal space and dumping it into the cooler earth.

Different earth berming techniques have varied effectiveness

in providing thermal insulation, though the effectiveness of

the techniques are fairly simply tied to increasing the radius R —— I S ———
of minimum distance from any point on the building exterior [ l T ! R .

to the outside air. { : | | '

Though there are two types of GHP systems (closed-loop and
open-loop), one is used in vast majority of situations, the closed-
loop system. The horizontal loop system is the most cost-effective,
requiring minimal trench depth and construction complexity, but
requires a significant amount of land on the site. The vertical loop
system is often used when available site space is limited, or where
simple trenching is complex (i.e. hard soils). Bore holes are drilled
deep into the land and loops are run through those holes. The +

last closed-loop system to consider is the pond or lake system, in ft or greater ft or greater
which loop coils use the thermal stability of a body of water as the trench depth row spacing

heat sink or source for the system. Though all of these are feasi-

ble on this site, this is perhaps the least so, as the pond is both of completely iered | walle covered 2
questionable size and of significant visual value. AN
.‘ |

oinking | t ! | ‘
IT | | | | |
- - ---—é—-— -—4-——-—-*_——_
1 1
l | { |
: | | |
| | l ] |
0 - W a0 w0 0 A e |20
Depth Below Top +i Grade o Berm —feet R at Given Deptn Deow Grade
ft or greater acre or greater Types of Earth Sheltering R Valueo for Permed Walle
pond depth pond size

36 NORTH CAROLINA MUSEUM OF ART PERFORMING ARTS CENTER PRE-DESIGN ANALYSIS SUSTAINABLE DESIGN STRATEGIES 37



- '

- 11".1"!.

I _'.u-!_-‘__~1

==y

mime ! ”

|l W g HHW\IIMM\ .k—__.

1.

Contents
38 Academy

39 Service

40 Performance

41 Acoutic Controls
42 Black Box Theater

43 Performance &
Service Blocking of
Spaces

44 Academy Blocking
of Spaces



40

Academy

REHEARSAL SPACES - 12,000 NSF

Rehearsal Rooms 5800sf
- Other uses: Recital room or drama studio theatre with public access
- Temporary or permanent seating
- Performance lighting
- Sound their control
- Rehearsal spaces should be at the same level as the platform/stage and workshop

Practice Rooms 2000sf
- Sound-proof and air conditioned
- Equipment: Piano, music stands, gramophone and tape recorder
- Other uses

Changing or dressing rooms, sound recording room

Applied teaching studios 3200sf

- Equipment: Piano, sound systems and projectors for presentation

Equipment Storage 500sf

- Storage facilities are needed for scenery and properties, including armoury, for re-use

Music Library 500sf
- Shelves for music books, scores, CDs and DVDs.
- Check out counter
- Listening and viewing stations

OFFICE/ADMINISTRATION/SEMINAR SPACES 2900SF

Visiting musician/Faculty office (2)250sf
Faculty office (2)150sf

Seminar Room (2)650

Administrative Suite 800sf

NORTH CAROLINA MUSEUM OF ART PERFORMING ARTS CENTER

Practice Room

Rehearsal Room

Service

CORE/MECHANICAL SPACES (APPROXIMATELY 10% TOTAL SF)

Restrooms

General Mechanical

Tech office 150ft

Janitors closet 100sf

Loading Dock

General storage 175sf

Main mechanical spaces 4000sf Exterior Mechanical yard

Mechanical Room Chiller

PRE-DESIGN ANALYSIS PROGRAM REQUIREMENTS
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Performance

PUBLIC SPACES ~4800NSF

Public entrance
- Access and parking
- External display - Canopy

Lobby(foyer) 2000sf
- Circulation and waiting area
- Seating
- Directional signage directing the public to the various facilities
- Exhibition and display
- Access to box office, creche, cloakrooms, toilets and seats
- Provide exit ways from the building
- Utilize daylighting to reduce electric lighting needs

Gallery 500sf
- Paintings, prints, drawings, photographs, installations, sculpture
and crafts.
- Security system
- Fire protection
- Storage for the depositing and packing of temporary exhibitions.

Gift/Concession 700sf Shop 200sf

- Method of display: Display cases, shelves, free standing display
- Method of selling: A cash point with a cash register at the entrance

Concession 500sf
- Form of service: table or counter self-service
- Ancillary facilities: Kitchen and/or other food preparation facilities,
wash-up area, food storage
- Delivery of goods and refuse disposal
- Space for tables and chairs

NORTH CAROLINA MUSEUM OF ART PERFORMING ARTS CENTER

Ticket Office 1600sf
Box office window 600sf
Operations office 500sf Storage 500sf
Outdoor Courtyard-Gathering Space
Performers Support 2500sf
- Orientation towards sun, shading, protection from wind

- External funiture: Fixed or removable, storage of funiture when not in use
- Landscaping: Hard surfaces, planting, surface water, drainage

TIcket Office
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Acoutic Controls

ROOM SHAPE

> .

Source

Directions of side-wall reflections depending on room shape

Reshaping of ceiling profile to avoid focusing and provide more
even sound distribution

Section of a hall with a rear balcony and constant clearance The
result is an increased slope for the elevated balcony For safety
the slope should not exceed about 35degree

Acoustic panelling

Avoid reverberant or unsuitably small spaces. Install specially de-
signed acoustic panelling, wall-linings and floor coverings in fre-
quently used rehearsal and performance spaces. Low and medium
frequency acoustic absorption in pits or rehearsal rooms reduces
exposures and improves clarity too.

Acoustic treatments

Install curtains, drapes and carpeting to achieve lower noise levels.
Make sure, however, that the materials used do not create a fire
hazard.

Acoustic ceiling
Make use of existing acoustic panels, e.g. adjustable roof panels
which may not be apparent.

Acoustic screens

These may be small screens on stands or continuous absorbent
screens. They can protect people from noisy sections in orchestras
and bands and in amplified environments offer significant protec-
tion. Extreme care is needed in their positioning to avoid making
things worse for other performers.

Notes:

- Hard reflective surfaces cause sound waves to bounce or reverberate, adding to the direct path
of the sound waves. It is generally a good thing to reduce reverberant noise since this can affect
the exposure of those some distance from the source.

- Absorptive materials like wood, soft absorbent screens, acoustically absorbent foam, mineral
fibre with foil and a decorative finish, and fabrics can be added to a building or placed strategi-
cally to reduce reverberant noise.

- Venue managers and designers also need to consider the choice of materials in seating so that
audiences hear the same sound whether the auditorium is full or not.
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Concert Hall focusing on acoustic panels in ceiling
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EXAMPLES

PUBLIC SPACES - ~4800 NSF
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PUBLIC SPACES: OUTDOOR COURTYARD-GATHERING SPACE - 2500 NSF
Harold Prince Theater, Anneberg Center for the Arts, University of Pennsylvania Belmont University, Black Box Theater |
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Harold Prince Theater, Plan & Section
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Academy Blocking of Spaces

OFFICES/ADMINISTRATION/SEMINAR SPACES - 2,900 NSF
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