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METRIC     IMPERIAL 
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FOR A MEAN OUTDOOR AIR TEMPERATURE OF 80°, THE 90% ACCEPTABILITY CRITERIA IS: 

 OPERATIVE TEMPERATURE 23,5 °C < TO < 28,5 °C 
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RELATIVE HUMIDITY RANGES FROM 73% IN MARCH TO 78% IN JUNE 

          WHEN AIR WITH HIGH ‘RH’ ENTERS THE BUILDING AND IS COOLED, THE ‘RH’ INCREASES EVEN FURTHER 

WIND SPEED RANGES FROM 2 -3 BEAUFORT (~2 – 5 m/s) 

PREVAILING WIND DIRECTION: EAST 

Mean Relative Humidity San Juan, Puerto Rico 
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   Structural Engineering 

 DESIGN CRITERIA:  

 INTEGRATION: INTEGRATE ARCHITECTURAL PLAN, MEP SYSTEM AND EASY TO 
CONSTRUCT. 

 COOPERATION: CREATE LARGE OPEN SPACE 

 SUSTAINABILITY: EARTHQUAKE PERFORMANCE LEVEL AND REPAIRABLE(FUSE) 
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   PALM TREE LOADS 

Design Loads 

Floor 
Dead Load 

(PSF) 

Live Load 

(PSF) 

Roof 60 40 

3 70 75 

2 70 75 

1 70 110 

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 40 

Wind Seismic 

Wind Speed 170 

mph 
Soil D 

Base Shear 

160kips 

Base Shear 

500kips 

   



Mat Foundation 

   FOUNDATIONS 

Shallow Foundation 
Place from  -8’ below grade 
Thickness: 2’ thick for both 
concept 

8’ 



   PALM TREE — STEEL AND CONCRETE          OVERVIEW 



   PALM TREE — STEEL AND CONCRETE            LEVEL 1 

Column 

Round  R=24” 

Rectangle 12’x18’ 

Beam 

Filler Beam W12X26 

Int Girder W21X111 

Ext Girder W27X84 

Gravity Wall 

Gravity Wall 12” 

Composite Floor System 

LW Slab 4.5” 

44’ 

44’ 

11’ 

8.5’ 11’ 19.5’ 15’ 12’ 11’ 19.5’ 12’ 8.5’ 



   PALM TREE — STEEL and CONCRETE            LEVEL 2 

Column 

Round  R=24” 

Rectangle 12’x18’ 

Tension Pipe 1 STD 

Beam 

Filler Beam W12X26 

Int Girder W21X111 

Ext Girder W27X84 

Gravity Wall 

Gravity Wall 12” 

Composite Floor System 

LW Slab 4.5” 

44’ 

44’ 

11’ 

8.5’ 11’ 19.5’ 15’ 12’ 11’ 19.5’ 12’ 8.5’ 



   PALM TREE — STEEL AND CONCRETE            LEVEL 3 

44’ 

44’ 

11’ 

8.5’ 11’ 19.5’ 15’ 12’ 11’ 19.5’ 12’ 8.5’ 

Column 

Round  R=24” 

Rectangle 12’x18’ 

Tension Pipe 1 STD 

Beam 

Filler Beam W12X26 

Int Girder W24X131 

Ext Girder W27X84 

Composite Floor System 

LW Slab 4.5” 



   PALM TREE — STEEL AND CONCRETE           IDEA  

44’ 

44’ 

11’ 

19.5’ 19.5’ 15’ 12’ 19.5’ 19.5’ 12’ 
REDISTRIBUTION 

Column 

Round  R=24” 

Rectangle 12’x18’ 

Tension Pipe 1 STD 

Beam 

Filler Beam W12X26 

Int Girder W24X131 

Ext Girder W27X84 

Composite Floor System 

LW Slab 4.5” 
@10’ 

@6’ skip compression column  



   PALM TREE — CONCRETE IDEA  

REDISTRIBUTION 



GRAVITY LOAD PATH  

   PALM TREE — STEEL AND CONCRETE  LOAD PATH 



   PALM TREE — STEEL AND CONCRETE       LATERAL SYS 

Shear Wall 

Shear Wall 12” 

11’ 

39’ 

11’ 

22’ 

15’ 



LOAD PATH  

   PALM TREE — STEEL AND CONCRETE   LATERAL SYS 

v 



   PALM TREE — STEEL AND CONCRETE   CHALLENGE 

• ROOF BEAMS ARE SLOPED  

 

• COLUMNS WILL HAVE HORIZONTAL LOAD 
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   PALM TREE — STEEL AND CONCRETE PRO AND CON 

• EASY TO CONSTRUCT 
 
• BIG SPACE 

 
• SUSTAINABLE 

 
• INTEGRATE ARCHITECTURAL FACADE 
 
• WEAK LATERAL RESISTANCE 

 
 40 



   PALM TREE —CONCRETE          OVERVIEW 



8.5’ 8.5’ 

11’ 

30’ 40’ 30’ 

@5’ 

@4’ 

@4’ 

   PALM TREE —CONCRETE            LEVEL 1 

Column 

Round  R=12” 

Round  R=18” 

PT Beam 

Int Beam 24”X12” 

Gravity Wall 

Gravity Wall 12” 

Floor System 

PT Slab 10.5” 

44’ 

44’ 

11’ 



   PALM TREE —CONCRETE            LEVEL 2 

8.5’ 8.5’ 

11’ 

30’ 40’ 30’ 

@5’ 

@4’ 

@4’ 

44’ 

44’ 

11’ 

COLUMN 

ROUND  r=12” 

ROUND  r=18” 

TENSION PIPE1STD 

PT BEAM 

INT BEAM 24”x12” 

GRAVITY WALL 

GRAVITY WALL 12” 

FLOOR SYSTEM 

PT SLAB 10.5” 



   PALM TREE —CONCRETE            LEVEL 3 

8.5’ 8.5’ 

11’ 

30’ 40’ 30’ 

@5’ 

@4’ 

@4’ 

44’ 

44’ 

11’ 

Column 

Round  R=12” 

Round  R=18” 

Tension Pipe1STD 

PT Beam 

Int Beam 44”X21” 

Ext Beam 24”X12” 

Gravity Wall 

Gravity Wall 12” 

Floor System 

PT Slab 10.5” 



   PALM TREE — CONCRETE           IDEA  

44’ 

44’ 

11’ 

REDISTRIBUTION 
Column 

Tension Pipe 1 STD 

Beam 

Int Beam 44”X21” 

Ext Beam 24”X12” 

@10’ 



   PALM TREE — CONCRETE IDEA  

REDISTRIBUTION 



Gravity Load Path  

   PALM TREE — CONCRETE  LOAD PATH 



   PALM TREE — CONCRETE       LATERAL SYS 

Shear Wall 

Shear Wall 12” 

Columns 

Columns R=12” 

11’ 

39’ 

11’ 

22’ 

15’ 



Load Path  

   PALM TREE — CONCRETE   LATERAL SYS 

v 



   PALM TREE — CONCRETE   CHALLENGE 

• ROOF BEAMS ARE SLOPED  

 

• COLUMNS WILL HAVE HORIZONTAL LOAD 

 

• BIG SPAN 
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   PALM TREE — CONCRETE   PRO AND CON 

• GOOD LATERAL RESISTANCE 

 

• INTEGRATE ARCHITECTURAL COMPONENT 

 

• BIG SPACE 

 

• HEAVY MASS 

 

• HUGE COMPONENT 
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Design Goals 

CLASS SPECIFICATIONS

THERMAL 

ENVIRONMENT

CLASS B COOLING SEASON:  24.5 – 

27.5 C 

HEATING SEASON: 21.5 – 

25.5 C 

76 – 81.5 F 

 

71 – 78 F

ENERGY NET-ZERO ANNUAL PRIMARY ENERGY CONSUMPTION  

≤ RENEWABLE ENERGY PRODUCTION ON 

SITE

INDOOR AIR 

QUALITY (IAQ)

GOOD 25 < RELATIVE HUMIDITY < 60%; CO2 

concentration ≤ 1000 ppm

LIGHTING QUALITY GOOD DAYLIGHT FACTOR ≥ 2.5%
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Air supply 

Electricity 

Sprinkler system 

Air flow 
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AVERAGE ILLUMINANCE: 200 LUX 
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Floor sandwich – office Design 1 
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UFAD 

UNDER FLOOR AIR DISTRIBUTION 

VAV 

VARIABLE AIR VOLUME 
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Ventilation duct 

 

Water  - sprinkler 
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HOVER BOX 
 

Intro 

Roof Opening 
3000 sqft & 600 sqft 

Fire Stair & Elevator 

Main Stair 
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Key Element 

HOVER BOX 

Office Block 
40ft∙58ft 

Office Block 
40ft∙58ft 

Auditorium 
Cantilever Part 39ft∙58ft 

82 



 
Key Element 

HOVER BOX 

Large Classroom 

Instructional Lab 

Ground 
Level 

83 



 
Floor Load Path 

HOVER BOX 

Floor Level Roof Level 

Load Dead (PSF) Live (PSF) 

Roof 40 40 

Floor 72 88 

Wind Seismic 

170 mph Risk III 
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Steel scheme  

HOVER BOX 
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Steel Scheme  
Ground Level 

HOVER BOX 

Column Size W14 Χ 38 
Slab Thickness 6” 
Mat Foundation Tickness2 ft 
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Steel Scheme  
First Level Majority Member W14 Χ 38  

W24 Χ 94  
W33 Χ 221 
Slab Thickness 4” 

HOVER BOX 
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Steel Scheme  
Second Level Majority Member W14 Χ 38  

W24 Χ 94  
Cantilever Office & Auditorium 
W33 Χ 221 
W36 Χ 361 
Slab Thickness 4” 

HOVER BOX 
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Steel Scheme  
Third Level Majority Member W14 Χ 38  

W24 Χ 94  
Cantilever Office & Auditorium 
W33 Χ 221 
W36 Χ 361 
Slab Thickness 4” 
 

Corridor Slab Ends 
Here 

Auditorium 

HOVER BOX 
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Steel Scheme  
Roof Level Majority Member W14 Χ 38  

W24 Χ 94  
Cantilever Office & Auditorium 
W33 Χ 221 
Roof Thickness 4” 

HOVER BOX 
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Steel Scheme  
Lateral System Column & Brace W14 Χ 38  

HOVER BOX 
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Steel Scheme  
Lateral System 

HOVER BOX 

Add Tension Member  to tie 
up the two cantilever part  
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Steel & Concrete Scheme  

HOVER BOX 
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Steel & Concrete Scheme  
Ground Level Column Size 20” Χ 20” 

Slab Thickness 6” 
Mat Foundation Thickness 2 ft 

HOVER BOX 
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Steel & Concrete Scheme  
First Level Concrete Beam Section 18” Χ 12”  

W24 Χ 94  
W33 Χ 221 
Slab Thickness 4”  

HOVER BOX 
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Steel & Concrete Scheme  
Second Level Concrete Beam Section 18” Χ 12”  

W24 Χ 94  
Cantilever Office & Auditorium 
W33 Χ 221 
W36 Χ 361 
Slab Thickness 4” 

HOVER BOX 
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Steel & Concrete Scheme  
Third Level Concrete Beam Section 18” Χ 12”  

W24 Χ 94  
Cantilever Office & Auditorium 
W33 Χ 221 
W36 Χ 361 
Slab Thickness 4” 
 

Corridor Slab Ends 
Here 

Auditorium 

HOVER BOX 
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Steel & Concrete Scheme  
Roof Level Concrete Beam Section 16” Χ 12”  

18” Χ 12”  
Cantilever Office & Auditorium 
W33 Χ 221 
W36 Χ 361 
Roof Thickness 4” 

HOVER BOX 
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Steel & Concrete Scheme  
Lateral System Column 20”Χ 20” 

Shear Wall Thickness 18”  

HOVER BOX 
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Steel & Concrete Scheme  
Lateral System 

HOVER BOX 

Shear Wall resist lateral force 
and balance moment from 

cantilever part 
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Quantity Takeoff 

Concrete Beam & 
Column

Shear Wall

Steel & Concrete Scheme  Steel Scheme  

HOVER BOX 
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Compare 

Steel & Concrete Scheme  Steel Scheme  

• Light Weight 
 

• Fast Construction 
 

• High Recycle Rate 
 

• Good Seismic Stability 
 

• Cheaper 
 

• Material Availability 
 

• Good Wind Stability 
 

• High Rotation Stiffness 
 

HOVER BOX 
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Integration 

MEP Coming Through 
Cellular beams with multiple 
openings for services 

Heavy Structure Member 
Compacted Floor Section 
Shallow floor integration 

HOVER BOX 
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Electricity distribution 
Water distribution 
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Source : Google traffic 
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2 Miles 4 Miles 6 Miles 
Site 
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10% 

24% 

10% 
28% 

10% 

4% 
14% 

A Substructure

B Shell

C Interiors

D Services

E Specialty Construction

F Building Sitework

G General Conditions

•

4.00

4.50

5.00

5.50

6.00

Concrete
Steel &

Concrete
Steel

Steel &
Concrete

M
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Cost of Concepts 

•
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9% 

30% 

11% 
25% 

8% 

7% 

10% 

7% 

39% 

10% 

20% 

8% 

6% 
10% 8% 

33% 

11% 

22% 

9% 

7% 

10% 

10% 

24% 

10% 
28% 

10% 

4% 
14% 

A Substructure

B Shell

C Interiors

D Services

E Specialty Construction

F Building Sitework

G General Conditions122 



Island Team -activities

  Contracts -Preconstruction

     - Supplier purchase 

  Site Preparation

      -Soil level work

      -Establishing on site

    Construction Preparation 

      -Contractor mobilize 

     - Water, Recycling, power conn. 
to site 

    -Excavation 

   - Water tank 

   -Ground cover

  Structure Work 

   -Construction start

   -Mat foundation

   -Floor slab level 1

   -Concrete structure level 1

   -Floor slab level 2

   -Concrete structure level 2

   -Floor slab level 3

   -Concrete structure level 3

   -Roof

   -Topping-out ceremony

      Shell 
         Roof envelope 
         Building envelope level 1 
         Building envelope level 2 
         Building envelope level 3 
         Building enclosed 
      Interiors part 1 
         Interior walls level 1 
         Doors level 1 
         Interior walls level 2 
         Doors level 2 
         Interior walls level 3 
         Doors level 3 
      Lab & Computer rooms (incl. 
Testing) 
         Slab LAB 
         Structure LAB 
         Roof LAB 
         Shell LAB 
         Temporary LAB entrence  
         Installation level 2 - LAB 
         Surface level 2 - LAB 
         LAB Cleaning & inspection 
      MEP/HVAC 
         Installation level 1 

         Installation level 2 

         Installation level 3 

      Interiors part 2 
         Surface level 1 

         Surface level 2 

         Surface level 3 
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Construction 
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0

50,000,000

100,000,000

150,000,000

200,000,000

250,000,000

300,000,000

Hovering box steel Hovering box
combined

Palmtree concrete Palmtree combined

Carbon (kgCO2e)

Energy (MJ)

Water (0,1*kgH2O)
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