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SOCIAL GATHERING 
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BASEMENT 
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FIRST FLOOR 
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SECOND FLOOR 



COMFORT & SPACE 
THIRD FLOOR 
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ADAPTIVE THERMAL COMFORT 
 



COMFORT & SPACE 
Mechanically conditioned Naturally conditioned 
Class Specifications Class Specifications 

Thermal comfort Class B 24.5 to 27.5 °C 
76 to 81.5 °F 

Class B 23 to 30 °C 
73.5 to 86 °F 

Indoor Air Quality Excellent 40 < RH < 55%; 
CO2 ≤ 800 ppm 

Outdoor CO2 ≤ 800 ppm 

Daylighting quality Good DF ≥ 2.5% Good DF ≥ 2.5% 

COMFORT REQUIREMENTS 
 



COMFORT & SPACE 
• Minimum wind speed: 0,2 m/s 

 

ASHRAE Handbook. Atlanta, GA: American Society of Heating, 
Refrigerating and Air Conditioning Engineers. 2009. 

Naturally conditioned 

Hybrid 

HYBRID CLIMATE 



COMFORT & SPACE 
• Conditioned classrooms 

• Humidity control 
• Control thermal loads 

• Hybrid Auditorium 
 

Hybrid 

FIRST FLOOR 



COMFORT & SPACE 
• Microclimate 

desks 

SECOND FLOOR 



COMFORT & SPACE 
THIRD FLOOR 
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NO SHADING FINS 

DF = 6,6% 

DF = 6,1% 



COMFORT & SPACE 
OPEN SHADING FINS 

DF = 4,2% 

DF = 6,1% 
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SEMI-OPEN SHADING FINS 

DF = 2,8% 

DF = 6,1% 
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DF = 1,1% 

DF = 2,0% 

DF = 1,8% 
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LEVEL 2 



COMFORT & SPACE 
• Thermal and moisture 

barrier 
• Radiant cooling system 
• Sprinkler system 
• Concrete slabs 
• Loads 25 W/m2 
• Cooling power 40 W/m2 
 

OFFICE SECTION 



COMFORT & SPACE 

http://www.hellotokyo.jp/ 

Annual energy consumption distribution of total 500 kWh 
 Cooling machine consumption 

Ventilation energy consumption 

Radiant cooling elements 
Ventilation nozzles 

Kotatsu Micro climate furniture 

MICRO CLIMATE FURNITURE 

http://www.hellotokyo.jp/


COMFORT & SPACE 
Design Loads 

Floor Dead Load (PSF) Live Load (PSF) 

Roof 40 60 

3 72 75 

2 72 75 

1 72 110 

Function Spaces Live Load (PSF) 

Office 50 

Faculty Lounge 80 

Auditorium (average) 100 

Classroom & 
Seminar 40 

Labs 100 

Server Room 125 

Technical Support 100 

Storage 250 

Mechanical Room 100 

Stair 100 

Corridor 80 or 100 

Roof 60 

Wind Seismic 

Wind Speed 170 mph Risk III 

Base Shear 170 kips 12% Building Weight 
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W24×55 

Wall 1FT 

Column D=2FT 

100 FT 

10
0 

FT
 

STRUCTURAL : Basement 
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W24×55 

W24×68 

W24×84 

Wall 1FT 

Column D=2FT 

117 FT 
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STRUCTURAL : First 
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W24×55 

W24×68 

W24×84 

Wall 1FT 

Column D=2FT 

117 FT 

10
0 

FT
 

STRUCTURAL : Second 
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HSS 18×18×1/2 

 

117 FT 

10
0 

FT
 

Non Structural Roof 
Element 

STRUCTURAL : Third 



COMFORT & SPACE 
FLOOR SANDWICH INTEGRATION 

Major Beam Section: W24 

Maximum Pipe Diameter: 21”  



COMFORT & SPACE 
LARGE CLASSROOM 

Maximum Height: 16 FT 
Dropped Floor: 2 FT each 
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CORE & STAIR 
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ROOF INTEGRATED DESIGN  

123 
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WEST FACADE 

SOUTH FACADE 
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HURRICANE & EARTHQUAKE  

1. Inflation in construction costs   6. Refused permission 
2. Water price change             7. Electricity price change  
3. Vandalism in or outside the building 8. Unexpected soil conditions  
4. Hurricane during O&M phase  9. HVAC system performance 
5. Earthquake during O&M phase 
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A-risks 

B-risks 

C-risks 
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HURRICANE & EARTHQUAKE  
RISK OF HURRICANE & EARTHQUAKE 

Hurricane Season  Earthquake Risk 
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Magnitude 





HURRICANE & EARTHQUAKE  
SECTION A-A 

51 



HURRICANE & EARTHQUAKE  
WALL SECTION 



COMFORT & SPACE 
ROOF DETAI  

Glass PV 

Absorber
s 

Connection detail 

P
V

T W
ater barrier W

aterproof concrete 

Structure 



NORTHEAST 
 



COMFORT & SPACE WEST FACADE 

SOUTH FACADE 



HURRICANE & EARTHQUAKE  
DESIGN CRITERIA  

56 

• Safety 
– CODE:IBC2006 ASCE 

• Structure Component Meet TVD 
– 24% of total budget 

• Integrate with A/C/M/L 
 

 



HURRICANE & EARTHQUAKE  
CANOPY DETAIL 
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HURRICANE & EARTHQUAKE  
CANOPY DETAIL 

3” 

3’  venetian blind 

58 

Radiant Barrier 

95% of Heat 
176MPH wind 

13kipft 



HURRICANE & EARTHQUAKE  
FOUNDATION 

Stripe Footing 2’ 
Retaining Wall (MAX) 
11’ 

11 
2 59 



HURRICANE & EARTHQUAKE  
LOAD PATH 
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HURRICANE & EARTHQUAKE  
Load Path 
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HURRICANE & EARTHQUAKE  
CONNECTION DETAIL 
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2#11 

2#11 

#6@12” 

#11 

W24X55 

W24X68 
#11@18” 

#8@18” 

W24X55 



HURRICANE & EARTHQUAKE  
STRUCTURAL ANALYSIS RESULTS 

Displacement<Length/360 

63 

0,00% 0,05% 0,10% 0,15% 0,20% 0,25% 0,30%

8.5ft Cantiliver

44ft Beam

22.6ft Beam



HURRICANE & EARTHQUAKE  
STRUCTURAL ANALYSIS RESULTS 

Maximum Interstory Drift Ratio<0.02 
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HURRICANE & EARTHQUAKE  
SYSTEM TRADE OFF 
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SYSTEM TRADE OFF 
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HURRICANE & EARTHQUAKE  
SYSTEM TRADE OFF 
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HURRICANE & EARTHQUAKE  
SCHEDULE 

MEP / HVAC 

Shell 

Structure work 

Interiors 



HURRICANE & EARTHQUAKE  
SITE 

  

69 

High traffic 
Normal traffic 

P – Parking 
H – Hospital 
R  – Residence 
U – University 

SITE 



HURRICANE & EARTHQUAKE  
LOGISTIC & SITE 
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Loading/Unloading 
area 
Building 
Parking 
Establishment 



HURRICANE & EARTHQUAKE  
EQUIPMENT 

  

71 

Liebherr LTM 1095-5.1 
 
Total counterweight   =  50,700 lbs 
Telescopic boom       =   41 ft - 190 ft 
Operational weight    =  132.000 lbs 

Volvo EC140D  
 
Operating weight =   28370 -33400 lb 



HURRICANE & EARTHQUAKE  
SITE 
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SUSTAINABILITY 
LOW IMPACT BUILDING 

Carbon (kgCO2e)

Energy (MJ)Water (kgH2O)

Targets
Project
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SUSTAINABILITY 
Active energy savings 
• Phase change materials 
• Cooling ceiling with mixing ventilation 
• Variable Air Volume ventilation 
• Employ nearby workers 
• Nearby construction materials 

 
Passive energy savings 
• Natural ventilation 
• Insulation 
• Exposed concrete slabs 
• Overhang 
• East-west orientation 

 
Renewable energy 
• Photovoltaic thermal - Night radiation cooling 
• Photovoltaic 

 

ENERGY STRATEGY 
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SUSTAINABILITY 

Energy consumption (kWh/year) 
Energy production from PVT (kWh/year) 

Energy balance (kWh/year) 

$ 0 
$ 3.000 

$ 30.800 

$ 78.500 
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SUSTAINABILITY 

Energy in kWh 

Consumption 

Production 

Cooling Air Equipment Light 

T Photovoltaic 
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SUSTAINABILITY 

Simulated with eQuest 

• Electricity consumption 230.000 kWh 

North geometry 
South geometry 
Naturally conditioned geometry 
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SUSTAINABILITY 
ACHIEVABLE LEED POINTS PER CATEGORY 
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SUSTAINABILITY 
ROOF PLAN 

Surface 
Gutter HYPERBOLIC PARABOLOID 81 



SUSTAINABILITY 
CANOPY ASSEMBLY  

PVT 
Drainage Surface 

Façade 
Structure 
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SUSTAINABILITY 

Radiant cooling 
ceiling 

Water consumption of 250.000 gallons 

Flushing toilet 
Watering plants 
Other 

WATER 
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SUSTAINABILITY 

Cooling distribution of 68.000 kWh 

PVT – Night Radiation coolin  
Electricity – Cooling machine 

Radiant cooling 
ceiling 

COOLING 

84 



SUSTAINABILITY 
SITE CONDITION - LOCAL COMPANIES 

 

2 Miles 4 Miles 6 Miles 

Steel  
Concrete  
Construction equipment 
Precasting concrete 
Glazing company 
Off-storage company 
MEP company 

5mi 
6mi 
3mi 
5mi 
1mi 
9mi 
2mi 
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SUSTAINABILITY 
TVD 

A 
Substructure 

 $480.602  
6% 

B Shell 
 $2.238.629  

28% 

C Interiors 
 $643.335  

8% 

D Services 
 $3.134.861  

39% 

E Specialty 
Construction 

 $772.469  
9% 

F Building 
Sitework 

 $253.930  
3% 

G General 
Conditions 
 $593.737  

7% 

ESTIMATED VALUE  $       8 117 000 
TARGET VALUE  $       8 400 000 
VALUE DELTA  $          283 000 

ESTIMATED 
VALUE TARGET VALUE VALUE DELTA

TOTAL  $            8 117 564  $         8 400 000  $         282 436 
A Substructure  $                       480 602  $                    865 291  $                384 689 
B Shell  $                    2 238 629  $                 2 005 911  $              (232 718)
C Interiors  $                       643 335  $                    785 491  $                142 157 
D Services  $                    3 134 861  $                 2 362 728  $              (772 133)
E Specialty Construction  $                       772 469  $                    853 376  $                  80 907 
F Building Sitework  $                       253 930  $                    326 641  $                  72 711 
G General Conditions  $                       593 737  $                 1 200 561  $                606 824 

ESTIMATE AND TARGET VALUE - SUMMARY



SUSTAINABILITY 

O&M cost

construction cost

interest payment

replacement

risk surcharge$ 8.117.600 
[44 %] 

$ 4.058.800 
[22 %] 

$ 2.709.000 
[15%] 

$ 2.284.100 
[12%] 

$ 1.258.300 
[7 %] 

ACCUMULATED LIFE CYCLE COSTS 

91 



SUSTAINABILITY 

$952.766 

$808.383 

 $700.000

 $750.000

 $800.000

 $850.000

 $900.000

 $950.000

 $1.000.000

Savings per year 

Public sector comparator

Included canopy facade

Usage of the PVT system

Rainwater collection

Included extra income

- 18 % 

RENT DEVELOPMENT 
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-$9.000.000

-$7.000.000

-$5.000.000

-$3.000.000

-$1.000.000

 $1.000.000

 $3.000.000

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

Expenditures

Income

Cash flow cumulated

ACCUMULATED CASH FLOW 

Break even after 
18 years 



SUSTAINABILITY 
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TEAM PROCESS 
Establishing team rules 

Communication Challenge 

Decision-making Challenge 
 



TEAM PROCESS 

Visual decision making 



Establishing 
Visual BIM-rules 

[Grid & software] 

Clash control 
Navisworks 

Model working 

 

Step 1 

Step 2 

BIM COORDINATION 



VALUE FOR MONEY 

Environmental Economical Social 

• LEED Gold certification • Energy savings of 60 % • Creation of open and 
collaborative space 

• Low environmental 
impact 

• External rent of 
auditoriums and 
classrooms 

• Creation of the first 
educational net zero 
building in Puerto Rico 
as an icon 

• Passive and active 
energy saving strategies 

• Robots clean windows 
and PVT panels 
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 HUMBERTO CAVALLIN 
  

GITTE SORENSEN 
  

DAVID BENDET 
  

AGNES BOREN 

GREG LUTH 
  

EDUARDO MIRANDA 
  

RENATA ABMA 
  

KYLE ADAMS 
  

JOHN NELSON 
  

LUIS RIVERA 
  

ALIAA EDDNAN HUSEIN 
  

HENRY TOORYAN  
  

FERNANDO CASTILLO COHEN 
  

HOSS NASSERI 
  

BJÖRN WÜNDSCH 

WILLEM KYMELL 
  

ANJA JUTRAZ 
  

RENATE FRUCHTER 
  

NIMA ASSADI 

FREDRIK WINCENT MILOS TODOROVIC 
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