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CRITERIA

OPTIONS

Challenge Integration

2. Sustainability

1.
3.

Integrated Solution
Life Cycle Costs
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5. Site Relations
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Bird Steel /C

Bird Concrete
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8. Flexibility & Adaptability

9. Aesthetic Value

10. Risk Management
11. Prefabrication &

Modularization

Air Cube Steel /C

Air Cube Concrete



CONCEPT DECISION

RATING BY OWNERS AND TEAM

Challenge
Integration
Risk S0

Sustainability

Management 40 [
Prefabrication & Integrated
Modularization Solution
Aesthetic Value Life Cycle Costs
Flexibility & ; :
Adaplability Site Relations
Concept Clarity Constructability
—BIRD / C —BIRD / S

—AIR CUBE /C —AIR CUBE/S

* = Ratio to maxx (1Mio. $- Annual renty 100,000

Value
Reached Ratioto Annual for
Points max. points Rent Cost*
Points % US$ Points

BIRD
Concrete

BIRD
Steel /C

AIR CUBE
Concrete

AIR CUBE
Steel/C




LOCATION

San Juan, Puerto Ric
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OLD SCHOOL
OF
ARCHITECTURE

FACULTY OF
EDUCATION




Rainy Seasons

wWind
Hurricanes and Dust Storms Average Sunlight Hours: 8 hrs
Humid Outdoor Air High Cooling Capacity Demand
Av. relative humidity: 76 %
SAN JUAN
Average temperatures Average rainfall
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SOLAR CONDITIONS

W‘

March 10am—8 pm June 8am— 10 pm December 11 am—7 pm
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PROJECT CHALLENGES
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CLIENTS

STUDEN
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DEVELOPMENT PROCESS
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UNDERGROUND LEVEL

291-5"

10

29I-5||

L}

Entrance

Large Classrooms
Auditorium

Storage

Vertical Circulation
Seminars

Mech Rooms
Bathrooms

Elevator Mech Room
Cafeteria
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100'

48-3"

25!_6"

100’

-

ECEHE

Entrance

Labs

Small Classrooms
Storage

Vertical Circulation
Mech Rooms
Bathrooms
Janitor’'s Room
Atrium
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120' /

60'-2"

HETEE

Students Offices

Open Collaboration Space
Storage

Vertical Circulation

Mech Room
Bathrooms <
Janitor’s Closet N
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SECOND LEVEL ,

Faculty Offices

Faculty Lounge

Storage

Vertical Circulation

Mech Room

Bathrooms

Janitor’s Closet

Faculty Open Space <
Administration N

' 126'-3"
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" Requirement ® Air Cube
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DESIGN STRATEGIES

DESIGN STRATEGIES: JANUARY through DECEMBER
1.1% 1 Comfort(98 hrs)
29.4% 2 Sun Shading of Windows(2579 hrs)

0.4% 3 High Thermal Mass{33 hrs)

-

028

WET-BULB
} High Thermal Mass Night Flushed(l hrs) TEMPERATURE
5 Direct Evaporative Cooling(0 hrs) DEG. F

6 Two-Stage Evaporative Cooling(0 hrs)
7 Natural Ventilation Cooling(D hrs)
8 Fan-Forced Ventilation Cooling(0 hws)
9 Internal Heat Gaini0 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 Humidiication Onhy(0 hrs)
41.6% 14 Dehumidification Onhi3648 hrs)
56.9% 15 Cooling, add Dehumidfication if needed(4983
16 Heating, add Humidification if needed(0 hrs)”

B

D ST

A\

100.0% Comfortable Hours using Selected Strat

{8760 out of 8760 hrs) 50
o N 5%[»
ummer msoomm/.,‘i// ‘\ J
—— A
i . . ® orvbus tewpeRATURE, DEG.F Climate Consultant 6.0
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ROOM ANALYSIEFIRST FLOORS

SOLUTION
Class rooms

Auditorium

Seminar rooms

Labs

=HIGH COOLING LOAD

® @ @

+ Dessicant wheel
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Chilled
water

Classroom+Labs
Ceiling supply
and return

Auditorium
UFAD



RELATIVE HUMIDITY  100% 80% 60%

DESIGN STRATEGIES: JANUARY through DECEMBER /
1 Comfort (0 hrs)

2 Sun Shading of Windows{(0 hrs)
3 High Thermal Mass{0 hrs)

9

s AR ek = WET-BULB
1 High Thermal Mass Night Flushed(D hrs) TEMPERATURE

5 Direct Evaporative Cooling(0 hrs) DEG.F
6 Two-Stage Evaporative Cooling(0 hrs)
64.4% 7 Adaptive Comfort Ventilation(3994 hrs)
8 Fan-Forced Ventilation 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 Oni(0 hrs)
14 Dehumidification Onk#{0 hrs)
15 Cooling, add Dehumidfication if needed{0 hrﬁj
16 Heating, add Humidification if needed(0 hrs)/

64.4% Comfortable Hours using Selected Stra}e///

{3994 out of 6205 hrs) 50

80

HUMIDITY RATIO

20

=

10 20 30 40 50 60 70 80 % 00 a1 Climate Consultant 6.0

DRY-BULB TEMPERATURE, DEG. F
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ROOM ANALYSISECOND FLOOR

TYPE STRATEGY SOLUTION

_ Portable unit
Offices
used during extreme

Administration weather conditions

e m—

= OCCUPANT CONTROL

6) @) (3=

Meet R2D2
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NORMAL CONDITION

Office on second floor




LOAD INFORMATION (GRAVITY)

Function Live Load (psf)

Office 50 Soil Profile
Corridor 100 Bearing Capacity: 5000 psf
Roof 40
Classrooms 40
Storage 250
Lab 200
Auditorium 100
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BREAKING NEWS

'
/“«.‘J(H::’,r Ucean

~a
DOMINICAN
REPUBLIC

Earthquake

S=1.0g

S5=0.4¢g

Site Class C

Damping ratio = 5%
Base Shear &/9Kkips

150(67) 160(72)

/ 170(76)

Hurricane

Hurricane season JeMov
wind pressure 70 psf
max. speed 270mph



Main Features

RC Moment Resisting Frame

Shear Wall Cores (Rocking shear walls
MnQ O yisilddS S NAR | §
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TYPICAL STRUCTURAL LAYOUTS

10'-0"16'-0"  24'-0" 20'-0" 20'-0" 20'-0" 10'-0"

5
=i

© L] cantilever Regions

o

- L] Shear wall 12”

ol

in I Int. Column 18" x 18”

i 9EGD® / 2fdzYy mcQQ
o

-

e [ 1 Beams (Auditorium Long Span) 24"

© /" Beams (Cantilever & Core) 16”

=

i B Reinforced Concrete Slabs 6”

>

ol
lal N
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FOUNDATION (RETAINING WALL)

CcKAOlTYSaay myQQ \
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ETABS ANALYSIS MODEL 3D [ yene
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10 ft Cantilever Region
Max. Disp. 1.18 & L/360
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DYNAMIC MODEL ANALYSIS P

3
T,=0.215 (Torsion
Dominate)

Max Disp. X direction 0.72 in
Y direction 0.64 in
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Maximum Story Displacement Maximum Story Drift

—a— X Direction

~
c
E
(T
U
o
L
o
-
[

—e— X Direction

—V Diaction —— Y Diection

D4
Drift Ratio

Amplified Max. Displacementz=in < L/360
Amplified InterStory Drift Ratio ©.5% < 2%
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CONTRONONSTRUCTURAL DAMAGE
BYCONTROLLING DRIFT



Benefits:
Self centering mechanism
50% reduced Base Shear
Larger drift capacity
Reduced residual drift after seismic event




Imposed
Rotation

Special Reinforcement Bar Si

Total quantity of bars (equal
number each side)

PT Strand diameter
# of stands
Concrete Strength (f'c)

Effective prestress after losses

PT Steel Strength,(j
reinforcement yield strength

Total Prestress Force

#11

nop QQ
25
5 Ksi
175 ksi

270 ksi
60 ksi
1136 Kips



RISK MANAGEMENT

_— | . : .
| | i : i
1 %’ | | REDUCED | '60%

= o
i@i » n = REDUCE RISK ($1’3OO’OOOE

| | OF | | :
Self centering ~ INTERRUPTION ~ Over25years |
shear wall | ~ OF OPERATIONS : |

REDUCTION RISK COST

RISK STRATEGY OF IMPACT REDUCTION
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AR

00000

DESIGN = \ATERIAL

SOLAR SHADINGC =  COMPLICATED

LIGHT WEIGHT = HURRICANE

PROTECTION
MATERIAL =——p CONSTRUCTABLE
COST =  ROI?



IMPLEMENTATION

HURRICANE PROTECTION
STRUCTURAL
AIR PURIFICATION
MATERIAL
COST
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SOLUTION

800/08trength of Steel
300/0Cheaper than Steel

15%Cheaper than Concrete

_ocallyManufactured

Light & Easilconstructable
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Panel #1

DL

RTX
TS

Panel #3
) Facade Wall Section
‘(10 1 Solar light bulb
4 Wt 2 Solar Energy Panel
i @ 3 Alumuminum Frame
A ; 4 Steel Angle
i | / Go 5 Aluminum Panel #2
' i b 7 6 Glass Operable Louvers
o) 7ot 7 Aluminum Panel #3
———————— ) B R 8 Cat-Walk Mesh
B‘j 4 9 Cat-Walk
/ 10 Pre-cast Concrete Slab
= - i - = A 11 Green Planter Seating
- Il RE | 4 12 Pre-cast Concrete Beam
=
=
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Retains its properties when subjected to equivalent wind spe2a0mph

Stays intact after a simulation cycle forces of hdarg) storm



WHY ALUMINUM?
2.5x Lighterthan Steel
80%Sirengthof Steel
30%! css Expensive
Green: produced by electr|C|t

Corrosion Resistant
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il '.H,;,‘gm ’
gfrmi'%m}!

72



FACADE ANALYSIS ITERATION
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Minimum Thickness of Facade

Optimize Voronol openings
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Thickness 11n

Initial Speed of particle€70m/h
Youn@ Modulus10* ksi
Element Type: Plate


http://youtube.com/v/Pfe7eMnb_Kk
http://youtube.com/v/Pfe7eMnb_Kk

e &

Thickness 31N

Initial Speed of particles: 1#a/h
. 2dzy3Qa a*RsRdzf dza
Element Type: Plate



http://youtube.com/v/pbVbKgg7J3A
http://youtube.com/v/pbVbKgg7J3A

LIFE CYCLE IMPAGRCADE 7N

L ﬁfj ;
RISK MANAGEMENT LIFE CYCLE COSZFMNW |
OPERATION &
MAINTENANCE COST
ah 25 /O REPLACEMENT COST‘
il el 1 ($250,000
~ Facade system
 Fagade system -15%
($90,000)
RISK STRATEGY RISK COST Over 25 years
REDUCTION SAVINGS
Over 25 years
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AIR QUALITY CHALLENGE

HUMIDITY

144



STRATEGY

MAKING TH{INVASE VISIBLE
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INTENTION

5 L

ATTRACT INFORM  EDUCATE
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AIR POLLUTANTS

SMALL PARTICLES TORM WARNING

HUMIDITY  POLEN
SAHARA DUST

CQ

FUNGUS
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Panel #3

Il

1 Solar light bulb

2 Solar Energy Panel

3 Alumuminum Frame

4 Steel Angle

5 Aluminum Panel #2

6 Glass Operable Louvers
7 Aluminum Panel #3

8 Cat-Walk Mesh

9 Cat-Walk

10 Pre-cast Concrete Slab
11 Green Planter Seating
12 Pre-cast Concrete Beam 84




SELF CLEANING AIR CLEANING ANTIBACTERIAL

%
9 D 3
Self-cleaning Air Cleaning W’ Antibacterial
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Hurricane Season
June November

Construction Window
8 months




Castin-Place Precast

Longer Duration Shorter Duration

A Column 4 Hrs + 24 Hrs A Columns 0.72 Hrs + 24 Hrs
A Beams 6 Hrs + 24 Hrs A Beams 0.38 Hrs + 24 Hrs
A Shear Walls 24 Hrs + 24 Hrs A Shear Walls 1 Hrs + 24 Hrs

(Formwork + Rebar + Concrete + Curing + Str(fnstallation + Grouting)
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PRECAST JOINT BEAM / SHEAR WALL

PTC Creo°

~ Column Ties

Welded Plate

Connection Dowel

Bearing Plate
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Elastomer

Girth rail

Column

/‘/ Bolted Attachment

Embedded
Part

Anchor



http://youtube.com/v/5sDJDZ7DHIQ
http://youtube.com/v/5sDJDZ7DHIQ

SHEAR WALL OVERVIEW

15

1 =16/
h =15ft

h /1l <1
Squat Wall

Shear Failure Dominates
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With Precast Joint

Tip Force = 455 k on both sides
Tip deflection2.7 in



SYSTEM COORDINATION

NN

/
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