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University of Puerto Rico
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Site constraints

Earthquakes: seismically active area due to close fault
Hurricanes: frequent storms during summer and fall

Total Storm Days by Week for PR

Within 200 Miles

Total Storms Affecting PR by Decade

(1900 - 2011)

Jan  Feb Mar  Apr May Jun  Ju

Aug  Sep Oct  MNov  Dec

Jan Feb  Mar

Jun Ju

Apr  May

Aug  Sep Oct  MNov  Dec

Source: http://www.nc-climate.ncsu.edu/climate/hurricanes/statistics

(1900 - 2011)
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Climate conditions

Climatic Design Conditions
2% Cooling Design Temperature: 89.2 F

99% Heating Design Temperature: 70.8 F
No Heating Required

Average Relative Humidity: 76.5%

Yearly Rainfall: 56.43 inches
Monthly Range: 1.95 inches to 6.35 inches
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Perception of Climate

Island Team 05-11-2012



The Boomerang
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Concept Decision

_ 8
Average Boomerang Floating Box Floating Box
Weighting Concrete Steel Concrete
Time targets 15,10 % 2,746 3,691 3,091 3,880
Cost targets 27,45 % 2,194 3,732 3,267 3,804
Quality targets 57,45 % 3,742 3,986 3,313 3,535
Total 100 % 3,307 3,879 3,288 3,732
Time maximum score: 5
Ak

Boomerang Floating Box

Quality



Target Value Design

Targets developed with our owners:

To To Do I

To To o

A Completion earlier
A Labs ready earlier
A Quick build up after hurricane

Spatial requirements
Social & educating building
LEED + DGNB sustainability
Energy perfomance >25%
below baseline

Integration into environment
Integrated biomimicry concepts
Structural performance in
hurricanes

Flexibility of the building

A <880,000 $ annual rent

A Risk surcharge for
hurricanes included

A Space efficiency and

simplicity for o+m
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SWOT of Boomerang Concrete

Helpful
Strengths

A Social building

A Integrated into environment

A Adapted to weather conditions
A Local production

A Low construction costs

uibLIo feulalu|

Opportunities

A Good opportunities to improve
sustainability

A Natural ventilation

A Educating building (e.g. biomimicry and
sustainability)

uibuo eusaix3

Weaknesses

A Rather high o&m costs (energy,
cleaning, etc.)
A Rather low flexibility

Threats

A Hurricanes and heavy rain endanger
construction and operation
A Rather low sustainability over lifetime
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POP Challenge

Product T aspects of the building
Organization T who is proactive/reactive?

Process i team process
I
1 DI

loads, structural impacts

design idea

architectural beauty
Q9 experience
Q. material facade
& concept
S -
x .
) constructability
)
©
©
O
N

advice on shading
o costs
revision profitability

revision

evaluation
of the
facade and
providing
feedback
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Biomimicry Challenge
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Biomimicry Challenge

e atrium
* balconies
» cafe

» student offices

* natural ventilation

* dynamic shading / fagade

» solar energy collection (PV panels)
* rainwater harvesting

* net zero + cost advantages
» café and renting out rooms
as second income source
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Architectural Inspiration
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Comfortable space in tropical climate.

Provides Natural illumination

Maximizes Natural Ventilation

Provides a sense of security and visual comfort.
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Biomimicry Inspiration

Tropical American plants with a deeply cleft calyx.
They are common in Puerto Rico

Chosen for their ability to collect water in the central core and in
between leaves; this provides a source of water for other
organisms.

In the case of the Bird of Paradise, its leaves move according to
humidity levels and temperature.
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Structural Ideas

How do we prepare for Mother Nature?

Use of developing technology
Shear Splices
Rocking Frames
Shear Walls
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MEP ldeas

4 Blomimicry: natural cooling and ventilation
» Adaptive comfort suitable for Puerto Rico
LB

uilding management with some individual control
Enhanced social space
Resilient against future use and climate changes
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Natural Ventilation Potential

PSYCHROMETRIC CHART LOCATION: San Juan Intl Arpt, PR, PRI
Adaptive Comfort Latitude/Longitude: 18.42° North, 66.0° West, Time Zone from Greenwich -4
Data Source: TMY3 785260 WMO Station Number, Elewvation 52 ft
LEGEND RELATIVE HUMIDITY _ 100%  80% 60%
DESIGN STRATEGIES: JANUARY through DECEMBER
COMFORT 1 Comfort (D hrs)

61% [l COMFORTABLE 2 Sun Shading of Windows(0 hrs)

39% [l NOT COMFORTABLE
5 Direct Evaporative Cooling(0 hrs) WWET-BULB
6 Two-Stage Evaporative Cooling{0 hrs) LEEPFERATURE

MODEL: :&D&PTIVE COMFORT OMLY
PLOT: (COMFORT

@ Hourly () Daily Min/Max
@ AllHours () Selected Hours
1a.m. through midnight
@ Al Months () Selected Months
JAN through DEC

(7) One Month | JAN Next Month
() OneDay | 1 Next Day
TEMPERATURE RAMGE:

@ 10to 110°F () Fit ko Data

Display Design Strategies

-

61.3% 7 Adaptive Comfort Ventilation{5373 hrs)

8 Fan-Forced Yentilation Cooling{0 hrs)

9 Internal Heat Gain{0 hrs)
10 Passive Solar Direct Gain Low Mass(0 hrs)
11 Passive Solar Direct Gain High Mass{0 hrs)
12 Wind Protection of Outdoor Spaces{0 hrs)

13 Humidification Onhy0 hrs)

a0

e 70 =)
14 Dehumnidification Oniw(0 hrs) % 5
15 Cooling, add Dehumidfication if needed{0 hrs) . o) ?_.
16 Heating, add Humidification if needed(0 hrs) /‘_’ =]
s =
61.3% Comfortable Hours using Selected Strategi — E
(5373 out of 8760 hrs) 60 %
50 50~ 008
40 >< -
|~
30 30 004
20 ﬂf,« T 1] 20-
] T '8
10 20 30 40 50 60 0 80 a0 100 110

DRY-BULB TEMPERATURE, DEG. F
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Site Plan
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Architectural Floorplan 1
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Structural Floorplan 1 @

Columns Member
Size

240

Interior 140 x |140
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MEP Floorplan 1

Supply Duct /

® Dddooe \

Return Duct

Mo
il

\ .
\ ®
N @
A silili & @
CTRCRINC | ®©

Sk
LRI TR T )

[ 1 [ ) [ Y e 8 A== 012

®




Architectural Floorplan 2

Emergency Stairs
Large Classrooms
Small Classrooms

- Tech. Office
- Restrooms

Mechanical Room
Instructional Labs
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Structural Floorplan 2

Columns

Member
Size

Beams

180 X

240
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200

220

.
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MEP Floorplan 2

. Supply Duct
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Architectural Floorplan 3

Emergency Stairs

- Restrooms
Mechanical Room
Instructional Labs

. Seminar Rooms

. Faculty Offices
- Administration
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Structural Floorplan 3

Columns
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Beams

180
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MEP Floorplan 3

. Supply Duct
. Return Duct
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Section A-A
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Section B-B
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Evolution of the Foundations

Spread Footings
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Evolution of the Foundations

i Accounts for the
tension force

4 Interferes with the
underground water
tank used for water
recycling.

Pile Footings
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Evolution of the Foundations

~ Shallow foundation

i Accommodates the
water tank

4 Time and cost Is
comparable to pile
foundation

Mat Foundation
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Evolution of Roof

3'-0"" MODULE

Post-Tensioned (30"'x 30" Dome System)
Waffle Slab o
Depth: 20 inches ____-

5'|'rFFEN ER
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TYPICAL COLUMN STRIP SECTION, EITHER DIRECTION 1

TYPICAL MIDDLE STRIP SECTION, EITHER DIRECTION l

——

Edge panel interior panel

Images Courtesy of Fundamentals of Building Construction |sjand Team 05-11-2012



Old and New Roof




Architectural Model 3D
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Architectural Model 3D
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Structural Model 3D




MEP Model 3D
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- Challenges




Floor Sandwich / Ventilation

Py

—1 ]

(LT

—

T |
Island Team 05-11-2012



Wind Availability

Sea breezes from east across site
Naturally cooler than stagnant air
Westward side receives some wind exposure

Average wind speed:700 fpm
Typically varies between 150 and 1600 fpm

Wind speed highest in afternoon when hottest
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Wind Speeds

Wind Speeds (fpm)

Max

1,343.02"

Min
150.50
0.00
LEGEND
WIND SPEED
(fpm)
2 [l <264
17% W 264 - 440
0 440 - 880

33% [ 880 - 1760
0% M >1760

JAN
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Natural Ventilation Strategy

Size for no more than 3F rise across room
300 fpm in most spaces
Achievable most hours of year

Maximum 700 fpm for ventilation in rooms
Achievable many hours of year
Less than 1 F rise

Strategies:

Operable windows and grilles on both sides of
room of at least 5% of floor area

Interior return fans to draw air inward
Island Team 05-11-2012



Review with Mentors
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Natural Ventilation




Strategy to Achieve Net Zero

Baseline building according to IMC
Window shading and efficient fans

Setpoint to upper limit of ASHRAE standard
Improved insulation and windows
Photosensors for daylighting

Switch to adaptive comfort with natural
ventilation
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Energy Saving Strategies

I

350.000
300.000
250.000
200.000
150.000
100.000
50.000
0

Energy Use (kWh)

Code Efficient Adaptive Improved Daylighting Natural
Baseline Equipment Comfort Envelope Ventilation
and Shading
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eQuest Results

146,610 kWh on-site energy per year

Design temperature of 83F (limit of acceptability with
adaptive comfort standard)

184,400 kWh at design temp. of 76F (ASHRAE)

44 tons maximum cooling load
Occurs on October 19, 4 pm
Reduced from 60 tons with change in setpoint

49% percent reduction from baseline
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PV Panels

Most common, less expensive 2

Not tilted to be more resistant
during hurricanes

Energy gained:
194,293 kWh/year

Energy needed:
184,840 kWh/year

Investment costs: $ 92,600

Polycrystalline silicon PV panels r
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Trade-off PV Panels

B

$1.600.000 Profitable after 3 years

$1.400.000 / /
$1.200.000 /
$1.000.000 AN

$800.000

$600.000

$400.000

$200.000

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 21 22 23 24 25

$-200.000

=== PV investment and following electricity bill savings ———cumulated cash flows
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Dynamic Facade
224
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