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NIRUPAMA
KUTCHARLAKOTA
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OWNERS
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CONCEPT DECISION

Challenge Integration

Sustainability

Integrated Solution

Life Cycle Costs

Site Relations

Constructability

Concept Clarity

Flexibility & Adaptability

Aesthetic Value

Risk Management

Prefabrication & 
Modularization

DECISION based 
on  weighted 
criteria in 
cooperation 
with the owners

Bird Concrete Bird Steel /C 

Air Cube Concrete Air Cube  Steel /C 

OPTIONS CRITERIA

1. 

2. 

3. 

4. 

5. 

6.

7.

8.   

9. 

10.

11. 
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CONCEPT DECISION

RATING BY OWNERS AND TEAM

BIRD-
Steel /C 

BIRD-
Concrete

AIR CUBE-
Steel/C

AIR CUBE-
Concrete

192

Reached
Points

187

293

291

48

47

73

72

Ratio to 
max. points

Value 
for 
Cost*
PointsUS$

Annual
Rent

%

880,000

910,000

58

830,000 124

850,000 109

Points

41

* = Ratio to max. x (1Mio. $ - Annual rent) / 100,000



LOCATION
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San Juan, Puerto Rico



LOCATION ON SITE
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WEATHER CONDITIONS 

Rainy Seasons

Hurricanes and Dust Storms 

Wind

High Cooling Capacity DemandHumid Outdoor Air
Av. relative humidity: 76 %

Average Sunlight Hours: 8 hrs

SAN JUAN
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SOLAR CONDITIONS
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WE WORKWITH THE CONDITIONS 
INSTEAD OF IMPOSINGON THEM 
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PROJECT CHALLENGES 
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CLIENTS

STUDENTSUSERS



USERS
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PROJECT GOALS
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DEVELOPMENT PROCESS
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SITE PLAN

N
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OPEN AUDITORIUM 

(1938)

(2016)
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UNDERGROUND LEVEL

N
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Entrance



GROUND LEVEL

N
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Entrance
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INTERMEDIATE LEVEL

N

Open Collaboration Space

N



30

SECOND LEVEL

N



31

FLOORPLAN ANALYSIS



SECTION
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SOUTH  ELEVATION

EAST ELEVATION



WEST ELEVATION

NORTH ELEVATION
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DESIGN STRATEGIES

Climate Consultant 6.0
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ROOM ANALYSIS - FIRST FLOORS

Dehumidification
Cooling

Class rooms

Auditorium

Seminar rooms

Labs

=HIGH COOLING LOAD

SOLUTIONSTRATEGY

+ Dessicant wheel
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HVAC DESIGN

Auditorium
UFAD

Chilled 
water 

Classroom+Labs
Ceiling supply 
and return
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POTENTIAL FOR ADAPTIVE COMFORT

Climate Consultant 6.0
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ROOM ANALYSIS - SECOND FLOOR

Offices

Administration

= OCCUPANT CONTROL

Cooling

SOLUTIONSTRATEGY

Portable unit

used during extreme 
weather conditions

TYPE

Meet R2D2
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NORMAL CONDITION

Office on second floor 
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PROS
CONS

LOAD INFORMATION (GRAVITY)

Function Live Load (psf)

Office 50

Corridor 100

Roof 40

Classrooms 40

Storage 250

Lab 200

Auditorium 100

Soil Profile

Bearing Capacity: 5000 psf



HAZARD CONDITIONS
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Earthquake
Ss=1.0g
S1=0.4g
Site Class C
Damping ratio = 5%

Base Shear = 979kips

150(67) 160(72)
170(76)

Hurricane
Hurricane season Jun-Nov
wind pressure = 70psf
max. speed = 170mph
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STRUCTURAL SYSTEM

Main Features
RC Moment Resisting Frame
Shear Wall Cores (Rocking shear walls)
млΩ ŎŀƴǘƛƭŜǾŜǊǎ ŀƭƭ-sided 

N
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TYPICAL STRUCTURAL LAYOUTS

N

9ȄǘΦ /ƻƭǳƳƴ мсΩΩ Ȅ мсΩΩ



мнΩ

нΩ
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FOUNDATION (RETAINING WALL)

¢ƘƛŎƪƴŜǎǎΥ муΩΩ
9Ȅǘ ±ŜǊǘ .ŀǊΥ Іт Ϫ мсΩΩ

IƻǊȊΦ ǎǘƛǊǊǳǇΥ Ір Ϫ сΩΩ

мΩ
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ETABS ANALYSIS MODEL 3D
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STATIC ANALYSIS (SLAB DEFLECTION)

10 ft Cantilever Region
Max. Disp. 1.18 in< L/360
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DYNAMIC MODEL ANALYSIS

T2 = 0.18s
T1 = 0.215s (Torsion 
Dominate) T3 = 0.158s

Max Disp. X direction 0.72 in
Y direction 0.64 in
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SPECTRA SEISMIC ANALYSIS

Amplified Max. Displacement = 2 in < L/360
Amplified Inter-Story Drift Ratio = 0.5% < 2%
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NON-STRUCTURAL DAMAGE

WORTH 80%OF LOSS!
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CONTROL NON-STRUCTURAL DAMAGE
BY CONTROLLING DRIFT
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EARTHQUAKE TECHNOLOGY (RESILIENT DESIGN)

Benefits:
Self centering mechanism 
50% reduced Base Shear
Larger drift capacity
Reduced residual drift after seismic event
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EARTHQUAKE TECHNOLOGY (RESILIENT DESIGN)
ROCKING SHEAR WALL DESIGN 

Based on ACI ITG-5.2-09

Special Reinforcement Bar Size #11

Total quantity of bars (equal 
number each side)

7

PT Strand diameter лΦрΩΩ

# of stands 25

Concrete Strength (f'c) 5 ksi

Effective prestress after losses 175 ksi

PT Steel Strength (fpy) 270 ksi

reinforcement yield strength 60 ksi

Total Prestress Force 1136 kips
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RISK MANAGEMENT

Self centering 
shear wall 

STRATEGYRISK

-60%

RISK COST
REDUCTION

($1,300,000)

Over 25 years

REDUCE  RISK 
OF 

INTERRUPTION 
OF OPERATIONS

REDUCED 
DAMAGES

REDUCTION
OF IMPACT 



60



61

FACADE INSPIRATION
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WINTER QUARTER: STRUCTURAL FACADE 
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DISCIPLINE INTERACTION

Why create new problems? Keep occupants in mind.

DESIGN

SOLAR SHADING

LIGHT WEIGHT

MATERIAL

COST

A

MEP

SE

CM

LCFM

MATERIAL

COMPLICATED

HURRICANE 
PROTECTION

CONSTRUCTABLE

ROI?

INTENTION DECISION
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IMPLEMENTATION

HURRICANE PROTECTION

STRUCTURAL

AIR PURIFICATION

MATERIAL                      

COST

CONCRETESTEEL ALUMINUM
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SOLUTION 

ALUMINUM80%Strength of Steel

30%Cheaper than Steel

15% Cheaper than Concrete

LocallyManufactured

Light & EasilyConstructable
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SECTION

68



69
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HURRICANE PROTECTION STRATEGY 

Exterior Aluminum Facade Interior Impact Resistant 
Glass
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VEROTECH GLAZING SYSTEM

Retains its properties when subjected to equivalent wind speed = 220 mph

Stays intact after a simulation cycle forces of hours-long storm
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HURRICANE PROTECTION (EXTERIOR)

WHY ALUMINUM?

2.5x Lighterthan Steel

80%Strengthof Steel

30%Less Expensive

Green: produced by electricity 

Corrosion Resistant



FACADE ANALYSIS ITERATION

Minimum Thickness of Facade

Optimize Voronoi openings

73



Thickness     1 in
Initial Speed of particles: 170 m/h
YoungΩs Modulus: 104 ksi 
Element Type: Plate

INITIAL ITERATION

74

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


FINAL ITERATION

Thickness     3 in
Initial Speed of particles: 170 m/h
¸ƻǳƴƎΩǎ aƻŘǳƭǳǎΥ мл4 ksi    
Element Type: Plate

75

http://youtube.com/v/pbVbKgg7J3A
http://youtube.com/v/pbVbKgg7J3A
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LIFE CYCLE IMPACT - FACADE

Façade system

STRATEGYRISK

-25%

OPERATION & 
MAINTENANCE COST

REPLACEMENT COST

RISK MANAGEMENT

RISK COST
REDUCTION

LIFE CYCLE COST

($250,000)

-15%
($90,000)

Over 25 years

Over 25 years
SAVINGS
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AIR QUALITY CHALLENGE

FUNGUS

SAHARA DUST

HUMIDITY
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STRATEGY

MAKING THE INVISIBLEVISIBLE
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INTENTION 

EDUCATEINFORMATTRACT
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AIR POLLUTANTS 

CO2 HUMIDITY POLEN
FUNGUS

SMALL PARTICLES 
SAHARA DUST

STORM WARNING
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aLbL !Lw /¦.9Ω{ [h/!¢Lhb 

N
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MINI AIR CUBES 



83

GREEN WALLS
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FACADE WALL SECTION
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PANEL COATING

SELF CLEANING AIR CLEANING ANTIBACTERIAL
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SITE LOGISTICS - AIR QUALITY

Fast & Economical Sequence





88

SCHEDULE CONSTRAINTS

Hurricane Season 
June- November

Construction Window
8 months
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Cast-In-Place

Longer Duration

ÅColumn                      4 Hrs + 24 Hrs
ÅBeams                        6 Hrs + 24 Hrs
ÅShear Walls             24 Hrs + 24 Hrs

(Formwork + Rebar + Concrete + Curing + Strip)

CIP VS. PRECAST

Precast

Shorter Duration

ÅColumns                0.72 Hrs + 24 Hrs
ÅBeams                    0.38 Hrs + 24 Hrs
ÅShear Walls                1 Hrs + 24 Hrs

(Installation + Grouting) 

CIP 4 X Longer



PRECAST JOINT BEAM / SHEAR WALL
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PRECAST JOINT BEAM / SHEAR WALL

Welded Plate

Connection Dowels
Bearing Plate

Column Ties
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PRECAST JOINT BEAM / SHEAR WALL

Bolted Attachment

Embedded 

Part

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


SHEAR WALL OVERVIEW
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SHEAR WALL MODELLING
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Tip Force = 455 k on both sides
Tip deflection: 2.7 in

Ordinary Wall - without Supporting Platform

With Precast Joint



SYSTEM COORDINATION
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SHEAR WALL DETAIL DESIGN
мсΩ

15Ω

bƻΦ мл Ϫ млέ

Longitudinal

Horizontal

сΩ

bƻΦмлΩ ϪмуΩΩbƻΦсΩ ϪмуΩΩ

сΩ4Ω

bƻΦ у Ϫ млέ
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