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Project Site

NORTH ATLANTIC OCEAN
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Project Site
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Existing slope: 1:12 (aprox.)

High traffic pedestrian corner

Lush vegetation

* Vast green lawn



Site Conditions
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Five Goals Q
al

. ) sustainability/ building performance honeycomb radiator

«strenght of concept

«use of natural ressources
«interior/exterior connection
energy efficiency 6.1 6.3 8.5
« efficient use of space on site

steel concrete steel

enhance user experience/value
suser experience

«circulation 6.8 7.0 7.8

*program relationships
*surrounding context

d flexibility/adaptability
i - flexibility 8.7 8.3 7.5
#l *modularity

. cost/construction efficiency

#l| - initial cost
- 1| - short schedule
T +local building method 6.5 7.3 6.5
*maintenance & operation cost ’ ' '
«floor space efficiency
« constructability
*space requirements

Structual performance

*Clear load path
* Seismic performance

8.4 7.9 7.8




Decision Matrix g

m e==honeycomb steel
‘ |

e=sshoneycomb concrete
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f

Sustainability/building
performance

radiator steel

e

e 5diator concrete

Enhance user

Structual performance .
experience/value

Cost/construction
efficiency

CHOICE: RADIATOR
CONCRETE STRUCTURE

Flexibility/adaptability




Radiator Concept

Create an interaction hub in campus

and within itself



Floor Plans
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Engineering Plaza
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Education Island




Volumetric Development
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Small Classroom View
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East-West Section
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Volumetric Development
East Entrance




Volumetric Development

North West Entrance g




Loadings and Combinations

Ceilling 6 psf
Self weight 88 psf
MEP 4 psf
Partitions 20 psf
Auditorium 60psf
Classroom 40-80psf
Roof Edge 40 psf
Roof interior 23 psf
Windward 22 psf
Leeward 14 psf

Lateral Earth

Surcharge 100psf
Sandy clad y=120 pcf
Sds (9) 0.676

Sd1 (g) 0.365

Wind Exposure B
Hurricane seismic prone region
Design wind speed 145mph
Fundamental structural period 0.2sec
Reduction factor 4 for Reinforced Shear Wall
Load Combinations

1.2D + 1.6L

1.2D + 0.5L + 1.6W

(1.2+0.2SDS)D + 0.5L + 1.0E

0.9D + 1.0E
I A

a

o
»

1200kips
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Concrete Structure Overview

" Height above surface 30ft

" Deepest excavation 18ft “

" Light weight concrete, w=110pcf A T

" Reinforced Concrete Building (Shear wall) i L EE T A
= Strong lateral system ]| | sammmm n
" Little displacement 114ft | (EREET T 22

Third Floor
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Floor Plans

First Floor Second Floor
) 1141t " Slab
\‘24 15 15 15 613 13 13 " Posttension flat slab
=  8-wirePT tendon @ 30 in c/c
" #4 @12 in c/c rebar T&B
" Flat slab 10”
|

Typical “Island” Beam Size
® 12x20 ,

B 18X 24 me—

Typical Column Size

NN ii::fo " 12x12 .

15 " 14x14 N
Third Floor Roof Most shear wall .
at the periphery ~ Shear Wall thickness
55ft x15.5ft : “ sy DBft = 12in
) - 4 i |
| _?ft T g AR IR )
i N 441:,[ ﬂ Two interior
S == % |__ shearwallsalign _
11 S e ] with hard =
70ft i I = S gy ARG constraints g
5 S L SEa AmeaN B ]1-7
—‘ [ | dr |
5ft “




Gravity and Soil Load Path

Load Direction Load Path

= Gravity
| ‘ |
v WV v yilv
\4

= Lateral (Soil Load)

!

|

" Lateral (Wind Load)

%




Seismic/ Wind Load Path on the ‘Island’

" Regular beam-column grid
Gravity

" Regular support at 6 ft interval for glass walkway
® 3 central columns — direct gravity load path

Lateral
= Direct load path - tension /compression of the beams | H”
\ 4 == |
76ft = =L Lv
Load Direction e Section 7

l& I ' 3oft 5 Gravity Load Path

Total weight ~7000kips
Total base shear 1200kips
(R=4)

Roof 580kips

Load Path
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l_ \L e | Third floor 410kips

Ul gt | Second floor 220kips




Engineering Detalils

®" Vierendeel Truss for Cantilever

12 x 24 Beam (4 no.s #9)

14 x 14 Column (8 no.s #8) 7it/ 14ft [ oft

Moment diagram of the Cantilever

CAD drawings of the Stairs \'4

® Staircases
= Slider joint

" Supported by
half landings
and floors

" #4- 8
longitudinal
rebar T&B



Engineering Detalils

= Waffle Slab

" 16 x 28 Beam
" 4n0.s#9

Moment diagram of the long span beams

Modeling of slab in Etabs



Structural Model

" BIM- Reuvit = Structural Analysis- Etabs
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Analysis Result

" Strength
Force (Axial Force Shear Moment)
Stress (Floor diaphragm and wall)

Axial force in beams under Earthquake Load
Tension (20kips) Compression
(18kips)

Slab diaphragm stress under semi rigid
diaphragm under earthquake load
Max shear stress 0.3 ksi



Analysis Result

= Stiffness (C4 =4)
Inter-story Drift (2.5 x10-3)
Max Roof Displacement (0.7 in)

Drift Ratios in X&Y direction

Story Humber

Stor 3

Stary 2

Stary 1

Base Mgl
0.00E+00 1.39E-04 278E-04 417E-04 5.56E-04

Maximum Story Drifts

Displacement in X & Y direction

Story Number
Story 3

Story 2

Story 1

Fase I8
0.00E+00 2 55E-02 510E-02 7.BRE-02 1.02E-01

Maximum Story Displacements



Foundation

Type

Qty

Length (ft)

Width (ft)

Depth (ft)

Square

11

6

6

1.5

Aud Strip

2/2

76/38

6

4

Class Strip

4/3

30 /25

6

3

Slab on Grade

Area (ft"2)

Thickness(in)

Auditorium

76x38

Classroom

8 ( |
30x25 6 L? Pl g e
ST - e




Typical Detalls

% Beam Detail (18 x 24)
“ Flexure rebar 3 no.s #4

“ 135° Links #4 @ 6” at 1’ from the end of
beam

Wall Reinforcement (12 in)
T H#S @12
“ 8no.s#9 @ Boundary Zone




ISLAND story
A design & development story....

Winter Quarter: success & challenges
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ISLAND story
Central Glass Area

Glass 6
columns

Glass 3
columns

All Glass
circulation

Winterquarter '

Glass center’




ISLAND story
Glass/Concrete Walkway (6-Column)
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ISLAND story
Life Cycle Insight

lighting cost

cleaning
cost




ISLAND story
Glass/Concrete Walkway (6-Column)
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Island story
Life Cycle Insight

cooling
cost

lighting
cost




Island story
Life Cycle Insight

cleaning
cost

lighting cost
cooling cost




ISLAND Story
Structural Insight

" ADE
“ Loss of structural rigidity of the building
" Regular beam column framing

" Change of design assumptions and modeling assumptions
“ Increased forces in beams members —>potential congestion rebar >CM

i B

T T T T

e, o
T e |I




ISLAND Story

Structural Insight

" Loss of structural rigidity of the building Single row %" 8"

spacing bolts
embedded in the
concrete beam

" More thorough considerations in
beam/wall/slab reinforcement detail
(feasible?)

" Details of glass panel supporting system
2 no.s angles

B Seamless — same level (L8X6x1/4) or
prefabricated

® |nvisible — no bolts and nuts visible to users section

2in glass
panels

Slab to Wall Detall SS4x3x1/8

Glass Panel supporting system
and details



<« 17 ft

10 ft =17 ft from column to the

classroom partition

10 ft<—
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" Rework the central area vertical system to reduce columns from 6 to 3
columns

" Column align with proposed seminar rooms partition

" Larger columns 14 x 14 to be used




Winter Quarter Design
Architect Insight

x| oss of concept and spatial qualities...




ISLAND story
MEP Insight

*More Natural Lighting




ISLAND story
MEP Insight

Good Lighting High Solar Heat Gain




ISLAND story

3-Column Glass Walkway

————



ISLAND story
Final Design
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Construction Manger Goals and Challenges

“CM Challenges of the “Island,” as defined by the Island Story
“Keeping on Schedule and Under budget
“Goals of CM

“Based on design development, meeting the needs of the owner,
architect, structural engineer, and integrating with life cycle financial
manager




Jobsite Traffic Route

Fast Transit
Concrete Truck Concrete One-way Traffic Access Points

Waiting Area  Washout Area Direction Hwy Pr-27




Jobsite Logistics/Placement

Staging and on-site fabrication:
“Reachable by crane

“Used for building components that require on-site fabrication
"Formwork assembly and storage
“"Rebar assembly

"Storage of components too heavy for forklift operations

Optional Crane

Building Footprint Placement

Ave Universidag

Jobsite i
Trailors

_ ﬁ Pond Next to
Jobsite Site Site Access Gate
Staff_ asEsnEm
Parking

Jobsite Waste
and Recycling

Cancha Filter Fence for Site

Stag|ng and BEFEE Runoff Control Q

site Fabrication Site Fencing
Area Aresa aEssE®
N Gandafd

pye Dr Jose

17 =d



Estimate Breakdown

Z General
UNIFORMAT *Architectural Fees - 10%
A Substructure $ 432,600 «Contingencies - 10%
(Eélsnr;s'r'iors $ 1,652,900 «Over Head and Profit - 15%
: $ 855,000 *Builders Risk Insurance - 0.5%
D Services $ 1,550,100 C .. 0.5%
E Equipment & Fittings $ 373,300 OmmISS?nmg - U070
F Special Construction & Demolition $ 120,300 -Bond.s- 2%
G Building Sitework $ 148,600 *Permits - 2%
Z General $ 2,403,800 *Equipment - 5%
TOTAL 2009 $ 7,136,600 *Site Tools - 2% of bare labor costs
TOTAL 2015 $ 8,037,000 *Construction Field Testing - $3,800

Site Temporary Power - $2,200

Uniformat Breakdown

A Substructure

Z General 6%

31%

B Shell

G Building Sitework 20%

2%

C Interiors
12%

&=
gF\ D Services
22%

F Special Construction &
Demolition
2%

E Equipment & Fittings
5%




Estimate Breakdown

Financial Adjustments
=2009 RS Means Data
=|nflation = 2%
=|[nvestment Rate = 3%
=2015 Budget @ 3%= $8,700,000

Division 23 Heating, Ventilating,

and Air Conditioning
3%

Division 22
Plumbing
1%

Division 21 Fire
Suppression
2%

Division 14 Conveying
Equipment

Division 12 Fumishings
2%

Division 11 Equipment
4%

Division 10 Specialties

1%

Division 09 Finishes
4%

Division 08 Openings

Division 26 Electrical
17%

8%

Division 07 Thermal and
Maisture Protection
2%

Masterformat

MASTER FORMAT

Division 31 Earthwaork

2%

Division 01 General Requirements $ 2,403,800
Division 03 Concrete $ 1,379,700
Division 05 Metals $ 92,900
Division 07 Thermal and Moisture Protection $ 150,200
Division 08 Openings $ 584,600
Division 09 Finishes $ 257,600
Division 10 Specialties $ 41,200
Division 11 Equipment $ 261,500
Division 12 Furnishings $ 111,800
Division 14 Conveying Equipment $ 45,900
Division 21 Fire Suppression $ 119,000
Division 22 Plumbing $ 81,400
Division 23 Heating, Ventilating, and Air Conditioning |$ 245,300
Division 26 Electrical $ 1,193,500
Division 27 Communications $ 19,400
Division 31 Earthwork $ 136,600
Division 32 Exterior Improvements $ 12,000
TOTAL 2009 $ 7,136,600
TOTAL 2015 $ 8,037,000




Project Cost - City
Comparisons

140,00%
0,
120,00% ® Reno, Nevada
100,00% ® Madison, Wisconsin
80,00% - ® Los Angeles, California
. .
60,00% - Albuquerque, New Mexico
® San Fransisco, California
40,00% -
= National Average
20,00% - .
= Puerto Rico
0,00% -

Project Location

Reno, Nevada 98.83%
Madison, Wisconsin 97.85%
Los Angeles, California 106.80%
Albuquergque, New Mexico 91.31%
San Fransisco, California 124.00%
National Average 100.00%
Puerto Rico 83.63%




Estimate Progression and Lessons Learned

Millions

$8,00
$7,00
$6,00
$5,00
$4,00
$3,00
$2,00
$1,00
$0,00

Estimate

B RS Means SF Estimate

® Building SF Comparison

= Winter Quarter Estimate Average

B Spring Quarter Estimate

Method Date |Cost (million)|$/SF |Lessons

RS Means SF Estimator | 30-Jan $4.95 $138 Poor Quality

Project SF Comparisons |19-Feb $5.65 $160 High Variability

Winter Quarter Estimate | 12-Matr $6.13 $173 Concrete more economically Viable in PR
Construction Costs in Puerto Rico less than national

Spring Quarter Esimate | 5-May $7.13 $237javerage




Total Cost

$8.000.000,00

$7.000.000,00

$6.000.000,00

$5.000.000,00

$4.000.000,00

$3.000.000,00

$2.000.000,00

$1.000.000,00

$0,00

Construction Cash Flow

Diagram
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1 3 5 7 9 11 131517 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51

Week

$400.000,

$350.000,00

$300.000,00

$250.000,00

$200.000,00

$150.000,00

$100.000,00

$50.000,00

$0,00

= Total Cost
mmm \\/eekly Cost

== Total Costs

Weekly Cost



Project Schedule — Phase |

Start Date: August 17, 2015

Crane On Site: October 1, 2015

Critical Stage: Superstructure Completion
Milestone | (topping off): December 25,

-
2015 Jul’5, 15 [Aug2,15  [Aug30,'15 |Sep27,'15 |Oct25,°15 |Nov22,'15 |Dec20,'15 |Jan17,'16 _ |Feb14,'16 |Mar13,716 |Apr10,'16 |May8,16 _ |Jun5,16 _ |Jul3,'16 [Jui31,16 _ [Aug 28,16
3 [1a[2s [ 5 [w[2r[ 7 [18[29[10[21] 1 [12[23] 4 [15][26] 6 |17 [28 ] 8 [19[ 1 [12[23 [ 3 [14[25][ 6 [17[28 ][ 8 [19[30 [11 [2 [ 2 [13[24 [ 4 [ 15
0154365{7/25/15 - 8/4/15 | or demobilization, dozer, loader, backhoe or excavator, 70 H.P. to 150 H.P., up to 50 miles :

032305500350 §
312319200900 |
312323200050 |
312316166280 |
0{5113500130

Prestressing steel, grouted strand, 100" span, 300 kip, post-tensioned in field

ing, i 8 hr., ded 8 hours per day, 3 " centrifugal pump, includes 20 L.F. of suction hose and 100 L.F. of discharge hose 3
Cycle hauling(wait, load,travel, unload or dump & return) time per cycle, excavated or borrow, loose cubic yards, 10 min wait/load/unload, 8 CY truck, cycle 4 miles, 30 MPH, no Ioad;ng equi
Structural excavation for minor structures, bank measure, f or spread and mat footings, elevator pits, and small building foundations, sandy clay or loam, 3 1/2 C.Y. bucket, rnachilfle excay|
Temporary electrical power equipment (pro-rated per job), underground feed, 3 uses, 400 amp {
3 911
033105702100

Structural concrete, placing, continuous footing, deep, direct chute, includes vibrating, excludes material
312323240600 i

str

5 fill, 8 " lifts, vibratory plate
|| Backfill, bulk, 6 " to 12 " lifts, dozer backfilling
916

f033053406250 Structural concrete, in place, gravity retaining wall, 10" high, includes forms(4 uses), reinforcing steel, and finishing

033105704300 tural concrete, placing, slab on grade, direct chute, up to 6 " thick, includes vibrating, excludes material

033105704300 ||Strugtural concrete, placing, slab on grade, direct chute, up to 6 " thick, includes vibrating, excludes material
: 312323131600 Backfill, bulk, 6 " to 12 " lifts, dozer backfilling

033105702600 §, Stryctural concrete, placing, spread footing, direct chute, over 5 C.Y., includes vibrating, excludes material

033053400720 4 in place, column, square, max reinforcing, 12" x 12", includes forms(4 uses), reinforcing steel, and finishing

8

033105704300 . placing, slab on grade, direct chute, up to 6 " thick, includes vibrating, excludes material

Structural concrete, in place, shear wall, min reinforcing, 12", includes forms(4 uses), reinforcing steel, and finishing

3 G9090 Site Mobile Crane - 34 Week Rental :

Structural , in place, slab, waffle slab, 30 " domes, 125 psf superimposed load, 20' span, includes forms(4 uses), reinforcing steel, and ﬁnishfﬂg
Structural concrete, if} place, beam, 5 kip per L.F., 25' span, includes forms(4 uses), reinforcing steel, and finishing :

033053402150 Structural concrete, in) place, elevated slab, flat plate, 125 psf superimposed load, 25' span, includes forms(4 uses), reinforcing steel, and finishing
033053400720 g Structural concrete, in place, shear wall, min reinforcing, 12", includes forms(4 uses), reinforcing steel, and finishing

Structural concrete, in place, column, square, max reinforcing, 12" x 12", includes forms(4 uses), rei ing steel, and fini:

033053400350
033053402150

3 Structurallconcrete, in place, beam, 5 kip per L.F., 25' span, includes forms(4 uses), rei ing steel, and

Structural|concrete, in place, elevated slab, flat plate, 125 psf superimposed load, 25° span, includes forms(4 uses), rei ing steel, and fii hi

033053400720 ural concrete, in place, shear wall, min reinforcing, 12", includes forms(4 uses), reinforcing steel, and finishing
033053400720 gtural concrete, in place, column, square, max rei ing, 12" x 12", includes forms(4 uses), reinforcing steel, and finishing
033053400350

[l Structural concrete, in place, beam, 5 kip per L.F., 25' span, includes forms(4 uses), reinforcing steel, and finishing

Tue 8/18/15]




Project Schedule — Phase Il

Finish

S—
B~ [Nov22,15 |Dec20,15 |Jan17,'16__ |Feb 14,16 |Mar 13,16 |Apr 10,16 |May8, 16 |Jun5, 16 _ |Jui3, 16 |Jui3i,'16__ |Aug26,'16  |Sep25 16 |Oct23, ‘16 [Nov 20,16 |Dec 18,16 |Jan15 17 |Fed
12|23|4|£[22§1|6|17|28[B|19 1 [122]28[3 14256 [17[28] 8 [19[30 [ [2]2[13[24] 4 [15[26[7 [18[29]9 [20] 1 [12[23[3 [14[25]5 |
077123100020 | i d: d, 2" x 3[", .020 " thick
081423200020 3 ply, double sliding,|doors only, 6°x 7"
081 flish panel doors, single, 3*.0 " x 7°.0 " indll hinges, cylinder, z , excl. glazing
031 flush panel doors, single, 30" x 740 ", incl. hinges, cylinder, , excl. glazing
081316105050 Dgors. s flush paneldoors, single, 3'-0" x 7'-0 ", incl. hinges, cylinder, , excl. glazing
081316105100 ial flush panel doors, pairof 3.0 " x 7.0 " incl. hinges, cylinder, , excl. glazing
081 =‘ rs. i i flukh panel doors pairof 30" x 70" incll hinges. cylinder, , excl. glazing
084313200600 g" Y B frame, i i grade, clear 3/8 " plate glass, 3' X/ 1" door with hardware, 400 SF max wall, wall height to 12" high
i olt ame, i ional grade, clear 3/8." plate glass, 3' X' door with , 400 SF max wall, wall height to 12* high
0841 Valls i stock indl.glazing. average
0841261 Walls, i stock, indl.glazing,
0844131 urtain Wall i stock dingle glazed incl glazing,
0844131 | Curtain Wall stock, $ingle glazed,_incl. glazing,
084510100300 @ panels, i vaulted, semi-circfifar, ouble glazed, to 8' wide
085113203940 grade |stock units, awning type. i ing glasis 3.0 " x 5'4" ing, incl. frame and glazing
14242310250 y ic F Elevators, b it, finish, 1500 Ib, 100 fpm, 2 Stop
210523506260 ler System Valve AjJarm, 3 " size, includes retard chamber, trjm, jauges & alarm line strainer
221113231140 g 7l Pipe, copper, tubing, solder, 1/2 " di: y type K, i ing & clevis hanger assembly 10' O.C.
221426134460 " low profile dome, 5" and 6 " pipe size
233113130440 Metal i , 1000 to 2000 Ib., aluminum alloy 3¢03-H14, includes fittings, joints, supports and for a flexible i 1
235619508460 ng watelf storage tank, with heat & electric i wrap for water heater, 2" x 12 Ib
237413103280 i It-up, rooftop, with ¢ooling/heating coil section, filters, mixing|box, variable air volume, single zone, 30,000 CFM
260533050700 conduit 1" di 10 15" H_{ricl 2| terminati 2 elbows & 11 beam cla{nps per 100 LF
260533050700 conduit, 1" di: , to 15" H, incl inati 2 elbows & 11 beam clamps per 100 LF
2605330507400 3 conduit, 1" di: , to 15" H, injcl inati 2 elbows & 11 beam clamps per 100 LF
07447310p600 " x 8' x 5/16 " ply backing, double fade
085113208940 i stock units awning type i ing glasis 3.0 " x 54" ing, incl. frame and glazing
142423102950 * iq hosp|tal elevatprs, for number of stops over 2, add /
230713103170 [ i k, blanket type, fiberglass, flexiblie, F$K vapor barrier wrap, .75 Ib. density, 1-1/2 " thick $8.000.000,00 $400.000,00
233113130140 l -P*-I k, fal ted % 100.0 to 2000 Ib., : i - ill-oy 3003-H14, includes fittings, joints, supports and allowance for a| $7.000.000,00 / \ - $350.000,00
211313501100 Sygtem Ci alarm, electric pressure switcH (cirguit closer) ’l-
tair, shop fabricated, steel, 4'-0 " W, incl iling, stringers, metal pan treads, excl concrete for pan treads, pd  $6.000.000,00 $300.000,00
230713103170 i blanket type. fi flexible, FSK vapor barrier wrap, .75 'b. density, 1-1/2 " thick
233113130140 Metal k, fabricated rectangular, 1000 to 200D Ib|, aluminum alloy 3003-H14, includes fittings, joints, supports and atid $5.000.000,00 o $250.000,00
072113130700 oam-board i ion, polysty s 2 "|thick, R8
071213200300 Waterproofing, on slabs, felt, 2 ply, $4.000.000,00 . ”I $200.000,00
$3.000.000,00 $150.000,00
.. . . . $2.000.000,00 I $100.000,00
= Critical Stage I: Interiors Startup After Building i
$1.000.000,00 I |12 | | $50.000,00
Top-off w000 et LLLLLLEN w000
® Critical Path: Mechanical Systems 13 5 7 911131517 19212325272931 333537 304143 4547 49 51
Fri 12/18/15] 1Sat 3/5/16
Septerr B; ' ry e t Septermber
| sirctural TR st
{17/15 g fa2y




Project Schedule — Phase Il

16 |Feb 14,16 [Mar 13,16 |Apr10,'16 _|May8,'16 _ [Jun5,‘16 _ [Jul3,'16 [Jul31,16 _ |Aug 28,16 |Sep25,'16 |Oct23,'16  |Nov 20,16 |Dec18,'16  [Jan 15,17 |Feb 12,17 _|Mar12,'17 _|Apr{
288 [19] 1 [12[23] 3 [14[25]6 [17[28] 8 [19[30 [ [22] 2 [13 24| 4 [15[26 ] 7 [18[29] 9 |20 [ 1 [12 [ 23] 3 |14 [25] 5 [16[27 [0 [21 ] 1 |12
071213200300 | [ embrane Waterproofing, on slabs, felt, 2 ply, pped
|, - u)

071353100090 (g7 Il

Elastomeric sheet waterproofing, EPDM| pldin, 45 mils thick

J Insulation, ductwork, blanket type, fiberglass, flexible, FSK vapor barrier wrap, .75 Ib. density, 1-1/2" thick
ingss, 3 phase, 230 volt, 50 HP motor

2
-3
S
o
o
3
3
g
2
3
&,
z
X
g
]
o
o
]
Q
)
&
o
3
a
-

3 Transformer, oil-filled, 1§ kV|with taps, 480 V secondary 3 phase, 500 kVA, pad mounted

2 ppsition, 300 kVA & below, 13.8 kV, 600 amp wi/CLF fuses, NEMA 1
wijre, 120/208 V, 600 amp, incl CT compar:tment, exclCT's or PT's
4ter 200 A :

w voltage switching, flush switch, starjdar

261219100300)
261316100600}
262413100300)
262713100700)
262726103800)
263213160520| (@

2651135005000 (Il
265213100500| (g
2653131002000 g

266113100100}
266113100100)
266113100460}

enerator set, gas/gasoline, 3 phase 4 wire,(277/480 V, 60 kW, incl battery, charger,' muffler & automatic transfer switch

3 Fluorescent fixture, interiof, jacrylic lens, grid recess ceiling mounted, 3-40 W, 2' W x 4' L, incl lamps, i and
3 Emergency lighting units} lead battery operated, twin sealed beam light, 256 W, 6 V each

] Exit lighting, L.E.D. standard, single face, ceiling or wall mount

1 — sensors i , ceiling

=|| Occupancy sensors infrared, ceiling
Zlimg Daylight level sensor, ceiling ically dims, up to 50 ballasts

092116331000 Wall interior, , taped wn sides, installed on & incl.25 ga, NLB metal studs, 3 5/8 " wide, 16 " 0.C., 8' to 12' high, 1/2 " gypsum drywall
092116331000 {Partition Wall interior, standard, taped both sides, installed on & incl.25 ga, NLB metal studs, 3 5/8 " wide, 16 ™ 0.C., 8' to 12 high, 1/2 " gypsum drywall
6413 £
076510100020 [ L mill finish, .013 " thick, including up to4:bends
263113500010 [ J SOLAR ENERGY|{ AHOTOVOLTAICS
085113203940 i ; i ial grade, stock units, awning type, insulating glass, 3'-0 " x 5'-4 " opening, incl. frame and glazing
099123740840 Paints & Coatings, walfs & ceilings, interior, concrete, drywall or plaster, zero voc latex, 2 coats, smooth finish, roller
| E—
099123740840 A l Paints & Coatings, walls & ceilings, interior, concrete, drywall or plaster, zero voc latex, 2 coats, smooth finish, roller
.
099123740840 k,I—l Paints & Coatings, walls & ceilings, interior, concrete, drywall or plaster, zero voc latex, 2 coats, smooth finish, roller
SR : /A
122413106011 g Il Shades, solar screv:ening. fiberglass $8.000.000,00 $400.000,00
096510103600 Latex Underlayment, cementitious for resilient flooring, 1/8 " thick / \
096913100110 || ) Access floars, computer room application, particle board or steel floor panels, $7.000.000,00 - $350.000,00
101123102120 letin Boards, prefal:oricated, aluminum frame, 1/4 " cork, 3' x 5' $6.000.000,00 1 $300.000,00
101310100400 || Dirgctory boards, plastic, glass covered, grooved cork, 36 " x 48 "
101423131010 ] Signs, flexible door sign, adhesive back, wiBraille, 5/8 " letters, 4" x4 " $5.000.000,00 $250.000,00
105113100110 | kers, steel, baked:enamel, single tier box, 12" x15" x72" $4.000.000,00 $200.000,00
105523101700 ilboxes, vault type, {\oriz.. for apartments, alphabetic — g
105613100020 jving, metal, indusfrial, cross-braced, 3' wx 12 " dee t - $3.000.000,00 | I = $150.000,00
] 1+1 . 1 H 1 $2.000.000,00 I $100.000,00
Critical Stage Il: Electrical Fixture Installation AT
. e . . $1.000.000,00 H 1 $50.000,00
] . ' 11 !
Critical Path: Partition Walls and Painting il
R R $0,00 = $0,00
[ . .
Milestone Il: (crane off site): May 26, 2016 | 135 7 91113151719212325272931 33353739414345474951
Mon 3/7/16] Wwed 7/20/16
ember e rch g I lune ‘,\u}‘;«

rch
: I nwWall, in Finish
I | | c
i I Mon on 6 5 o

i

sept
Start | S tu
8 5 8/17/15



Project Schedule — Phase VI

16 [Jul3,"16 [Jul31,16  [Aug28,16 [Sep25,16 [Oct23,"16 [Nov20,16 [Dec18,'16 [Jan15,'17 [Feb12,17 [Mar12,17 [Apr9, 17 [May 1
| [2] 21324415267 [18[29] 9 [20] 1122283 [[25]5[w6[27[10]21]1[12][23] 4]
105613100020 ” Shejving, metal, industrial, cross-braced, 3' wx 12" deep
115213100600 | Projection screens, electric operated, matte white, economy, 25 S.F.
115213100900 ] Project , electric operated, glass beaded, wall or ceiling hung, economy, 50 S.F.
126113132000 | i 3 Auditorium chair, all veneer construction
224216406650 | Sink, ser)ice, floor, porcelain enamel on cast iron, corner, 28" x 28 " , includes faucet and drain
[ Drinking f , wall d, non-r d, aluminum, dual bubbler type, for connection to cold water supply
stic wall switch $8.000.000,00 $400.000,00
g and routing equip t, network hub, dual speed, 24 ports, incl cabinet /
i $7.000.000,00 $350.000,00
, TTY, adh d, desk type ”l"
p ts, time syst p ts, master controller, excl. wires & conduits $6.000.000,00 $300.000,00
g Start-Up/C g
096519102500 (3., Relsil t Flooring, cork tile, urethane finish, 1/8 " thick $5.000.000,00 $250.000,00
102113130500 [[ Pgrtitions, toilet, cubicles, ceiling hung, stainless steel $4.000.000,00 $200.000,00
X g
102113130500 || Pgrtitions, toilet, cubicles, ceiling hung, stainless steel ‘-'i’ I}
102113130500 [ Pgrtitions, toilet, cubicles, ceiling hung, stainless steel $3.000.000,00 $150.000,00
;’ $2.000.000,00 | $100.000,00
102813130510 [ T) :iletAccessories,dispenser uni ts, soap & towel combination w/mirror & shelf I I I I I I
102813130800 |[Tojlet Accessories, grab bars, straight, stainless steel, 1 1/4 " diax 1" long $1.000.000,00 I 1 $50.000,00
224116100600 || L iaﬁu-y,vanitytop, porcelain enamel on cast iron, white, 20" x 18 " , includes trim $0.00 ol I I I I I | ] $0.00
224213303100 Ufinal, wall hung, vitreous china, with hanger & self-closing valve, siphon jet ' '
i %Y i 9 g yatee, SiphoR fof bpe 13 5 7 9 11131517 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51
224213403100 (. Yyater closet, bowl only, wall hung, includes flush valve and seat
224216100050 | Andwash -dryer, module, wall ted, electric dryer, sensor operated
&5
321313230100 fiConcrete paving surface treatment, 4500 psi, fixed form, unreinforced, 12' pass, 8 " thick, includes joints, finishing, and curing
329223100020 &Sodding, bluegrass sod, on level ground, 1" deep, 8 M.S.F.
g
8110

= Critical Stage lll: Interior Component Installation

“ Building Start-Up/Commissioning: July 22, 016

" Milestone lll (Substantial Completion): August 5,
2016

® Building Closeout and Turnover: August 10, 2016

S/16

Mon 7/18/16] Iton 9/

September ;
Partition Wall, interior, standard
Mon 8/17/15 7/ 12/21/15 - Vion 2/1/16 - Mon 3/21/16 - Mon 6/13/16

Timeline
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MEP Section W*E

___I.I._tll_\

1’ Structure

.9 MEP




MEP Design W‘i’ -

«Chilled Beams *Raised Flooring *Natural Ventilation
Large Classrooms Auditorium Corridors

Computer Lab Lobby

South facing facade North and East Facades

"Island”




Sustainable Systems

Daylight Controls

*Dim lights on the perimeter and in the
center area

Multi Service Chilled Beams
*Are prefabricated and generate less labor

*Help decrease clashes between systems

Raised Flooring

Reduced Maintenance Cost




MEP Distribution W.i.E .

First Floor Second Floor Third Floor

76’

76’



Natural Ventilation g

CA Title 24 Requirements
*All spaces are within 20 ft of operable window

*Openings are at least 5% of floor area

Mechanical Ventilation
CA Title 24 Requirements

Larger of

1. 15cfm/person

2. Minimum rate (cfm/sgft) based on building type. Typically
= .15cfm/sqft



Thermal Comfort
Humidity

Standard 55-2004 Comfort Range

0.016 | | ] | F! O | A | | T | |
' Data Based on ISO 7730 and /’/ [0 ~.5Clo
0.014} AISHRAiE Starlldard/155 y 1 T — >
1.0 clo = winter """l s ihod® i i . ||165 :
indoor clothing SoTs "}JPPer Recommen/dgq l:l‘u:mjdrty Limit, 0.012 Hun,'nlldlty Ratio " Knee Len gth Ski l'.t

o ] / N " leo & *short sleeve shirt
5 0010 VAL P 5
£ 0.008 LMot = 0.5 Clo} > LT  Or Shorts +short
- = Yy I e =4 “1150 .= .
E -1 17| e 1" llis§ sleeve shirt
3 0.006f 70 <for il !
T 0.006f70 <= {40 2

0.004 .mr"/_,«- B A — .35 =

0.5 clo = summer 40 7| P a7 " 30
ind lothi 0.002}30 1 No Recommended J{ <= et 1
indoor clothing : 20 =F Lower Humidity H10
10%QH _ Limit, S PMV Limits
50 55 60 65 70 75 80 85 90 95 100
''''' Operative Temp., °F
Operative temperature = " Ranges "
average of air temperature and correspond

mean radiant temperature to +/-0.5 PMV




Thermal Comfort
Natural Ventilation Areas

ASHRAE Standard 55-2004

Adaptive Comfort Model for Nat Vent Spaces

(Applies when occupants have access to operable windows)

L
M2

e S s T o B
rn B O

Indoor Operative Temp., °C
o
o

—
-

w
=

—_— e
B

Mean Monthly Outdoor Air Temp., °F
50 59 77 86 95

pipp————t L Ll

— 90% Acceptability Limits g
80% Acceptability Limits 64.4 5
=

10 15 20 25 30 35
Mean Monthly Outdoor Air Temp., °C




Lighting Design

From the IESNA Ninth Edition Handbook (2000)

Area Number of Lamps
Category | Activity llluminance
(footcandles)
A Circulation Orientation 2
B Public Areas 5 Large 20
C Simple Tasks 10 Classroom
D Large Tasks Good Contrast 30 Lab 38
E Small Tasks Good Contrast 50
F Small Tasks Poor Contrast 100 Small 10
+/- 33% variation acceptable Classroom
“Island” 17
Use 3800 lumen lamps in the Multi | gice 4
Service Chilled Beams with 58W
per Iamp Corridor 5
Lobby 17




Lighting Power (W/sf)

2.5
2.0
1.5
1.0
0.5
0.0

Lighting Power Benchmark
CA Title 24 Area Category Method

CATitle 24

K

""‘r

2.00
;| 150 150
- 1 I 1 I 1

120 120

Lo
S
SIS

1.10
I I Innq
] “ b
& F

N
"'b@"b W

Room Allowable(W) Actual(W)
Auditorium 4275 2863
Large 1296 1085
Classrooms

Small 717 600
Classrooms

Lab 2530 2119
“Island” 1320 947
Offices 224 204
Corridors 807 225
Lobby 2574 957




Ventilation Needed Per Room

CA Title 24
Higher of the Two
Sqft People/SF People cfm/person cfm cfm ASHRAE cfm

First Floor
Auditorium 2850 0.143 407.55 15| 6113.25 3049.5 2208.75
Office 5000 0.01 50 15 750 750 550
Restroom 286 0.01 2.86 15 42.9 42.9 31.46
Classroom E 950 0.05 47.5 15 712.5 361 294.5
Classroom N 943 0.05 47.15 15 707.25 358.34 292.33
Second Floor
Lab 2346 0.01 23.46 15 351.9 351.9 258.06
Restroom 286 0.01 2.86 15 42.9 42.9 31.46
Classroom 1350 0.67 904.5 15| 13567.5 202.5 4603.5
Third Floor
Office 2183 0.01 21.83 15 327.45 327.45 240.13
Office 925 0.01 9.25 15 138.75 138.75 101.75
Restroom 286 0.01 2.86 15 42.9 42.9 31.46
Total 22797.3 5668.14 8643.4

LEED 29636.49 7368.582 11236.42




Internal Heat Gains

*Office Equipment
Laptops - 40W
Desktops - 80W
Projectors - 100W

*Qccupants
Light office work - 225Btu/hr

Air Handling Unit
5,900L/s = 12,501cfm

-Lighting
58W per Lamp

Feet of Beams
Auditorium 300
Large Class 78
Small Class 70
Lab 80
Seminar 10
Office 4




Sustainable Materials

*EcoRock Drywall

80% less energy to produce
80% recycled materials
Can be fully reutilized

Most mold-resistant

Fly Ash

1 ton reduces 1 ton of CO2 emissions
Stronger and more durable

Increases Workability

D.ecreases heat of hydration

Bamboo Flooring

1 ton reduces 1 ton of CO2 emissions
Stronger and more durable

Easier to pour




eQuest Model

Goals

*Most accurate representation of
the actual building envelope.

*Accurate load inputs

*Multiple HVAC systems

Customized Features

*Glazed roof openings
Daylight controls

Natural Ventilation

eQUEST



Baseline vs Radiator

Electric Consumption {kwh) Electric Consumption (kvvh)
[=000) (0007
407 20T
30T
| zo7
zZ0T T
T 104
107
0 o}
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Mow Dec Jan Feb Mar ﬁpr Mal,l Jun Jul ﬁu_lg Sep Ok Mow Dec
[] area Lighting [l Exterior Usage [l water Heating [l refrigeration
B Task Lighting B rPumps & aux, B HtPurmp Supp. B Heat Rejection
B mMisc. Equipment [0 wentilation Fans B =pace Heating B =space Cooling

334,000kwh/yr 259,000kwh/yr




Energy Benchmarks

HOME PERFORMANCE WITH

ENERGY STAR

r

Energy Design Target

Enerey
Berformance

100

75

Enerey,
|Beduction ()

76

26|

ource Energy
Use Intensify
[kBrussn, FLivrl

99

311

=lle Eporgy Use,

3,054,149

9,567,869

« . iCalifornia’

R o

Commercial End-use Survey

914,416

2,864,631

248,580

5155,321

End Use kWh/year kWh/year
Cooling 83750 87340
Ventilation 60500 31070
Interior 134750 56840
Lighting

Office 24750 81650
Equipment

Misc 10750

Total 314,500 256,900




Monthly Utility Bill

Monthly Utility Bills ($) |

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Mow Dec

Annual Bill: $48,163



Decision PV-Systems

S LYNDRA" Direct Sunlight _

TN

energy

’ savings —
performance ]-ﬁm i
hurricane o
season :

'o&m costs

‘lnitial cost




Trade-Off Analysis PV-Panels

600.000,00 $

500.000,00 $
400.000,00 $ ////
300.000,00 $

/// == State Rebate
200.000,00 $

/// —\\/ithout State
100.000,00 $ Rebate
// / rent of roof
y

0,00$ | 7

13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 ==puyback

-100.000,00 $

-200.000,00 $

-300.000,00 $

-]
-—
—

—

-400.000,00 $




Project Cash-Flow

$2.000.000,00

$0,00

1 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 22 23 24 25 26

-$2.000.000,00 -

$4.000.000,00 e quity cash flow

e c5sh flow of direct payments

-$6.000.000,00 -

-$8.000.000,00

-$10.000.000,00

year of operation phase



Debt Service Coverage Ratio/
Loan Life Coverage Ratio

o
O
7))
@)

1 3 5 7 9 11 13 15 17 19§21 23 25

19

1 3 5 7 9 11 13 15 17

of operation phase

year

year of operation phase



accumulated cashflow before financing

$20.000.000,00

$15.000.000,00

$10.000.000,00

$5.000.000,00

$0,00

-$5.000.000,00

-$10.000.000,00

Point of Break-Even

| 2 3 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

years of operation phase



accumulated cashflow before financing

$20.000.000,00

$15.000.000,00

$10.000.000,00

$5.000.000,00

$0,00

-$5.000.000,00

-$10.000.000,00

Point of Break-Even

BREAK-EVEN

| 2 3 9 10 1142 13 14 15 POINT

22 23 24 25 26

years of operation phase



O&M Cost

other o&m
services
26%

cleaning cost
24%

electricity
48%




Life-Cycle Cost Present Value

with financing cost

interest
payments
12%

operation
construction &maintenan
cost ce cost
61% 22%

replacement
cost
5%

without financing cost

operation
&maintenance
cost
26%

construction cost

69% replacement cost
5%




16,00%

14,00%

12,00%

10,00%

8,00%

6,00%

4,00%

2,00%

0,00%

Sensitivity Analysis

== CONStruction cost

e 0&M COSt

===replacement cost

e=financing cost

-10%

10%



LEED Certification

Sustainable Site

|Water Efficiency

[Energy and Atmosphere 15
Material and Resources 4

Indoor Environmental Quality 12
lInnovation in Design 3

ITOTAL 55

l

LEED SILVER
CERTIFICATION




Sustainable Performance g

« use of natural ventilation
* sensoring & monitoring of lighting
use of solar energy
-use of local materials/ by-products
- Fly Ash , EcoRock
*0open spaces > permability/ connectivity
-ability of adaption of changed specification




Team Process

Winter Quarter Presentation March 5t
Meeting After Winter Presentation to define goals for Spring Quarter
Early April Schedule Pushed back by “Island” Development
Revit “check out” and “check in” model
Facade development between architect and construction manager

Timeline

Start [ | Finish

Task Name . |Duration  |Start + |Finish . |Predecess |Resource Names [mar 28, '10 |Apr 4, '10 |aprai, 10 | Apr1s, ‘10 |#pr 25, '10 [May 2,
sImIwlrF[s[T[T]s[M[w[F[sTT][T[s[mIw[F[sT]

Floor plans, elevations, 1 day Tue 3/30M10  Tue 3/3010 A =

sections

Details for vertical and 1 day Tue 3/30M10  Tue 3/30M10 A =

horizontal circulation

Typical connections and 3 days Tue 3/30M0  Thu 4110 E e ——

Structural Analysis

Non-linear analysis for lateral 3 days Fri 4/2/10 Tue 4/6/10 7 E E

loads T

Detailed component sizing 2 days Wed 3/31/10  Thu 4/1/10 45 E e

Revit Structural Modeling 4 days Tue 3/30M0  Fri4/2/10 E ——

Details

Revit MEP Modeling Details 5 days Mon 4/5/10 Fri 4/9/10 10 MEP £ MEF

Revit Architertural Details 4 days Mon 4/5/10 Thu 4/8/10 10,45 A [

Sustainability Detailing 2 days Fri 4/9/10 Mon 4/12/10 & MEP hﬁ

Energy Analysis 2 days Tue 4113110 Wed 4114110 36,10 MEP,LFCM EFLF

Construction erectionand 3 days Tue 411310  Thu 41510 3,610 CM —

seqguencing

4D CAD visualization 3 days Tue 411310 Thu4/1510 36,10 CM — A

Model-based cost estimate 3 days Thu 4115110  Mon 4/19/10 86,2101 CM [

Cash flow model 5 days Tue 4/20M10  Mon 4/26/10  11,112,13 LCFM LCFM

Risk Management model 2 days Tue 4/2010  Wed 4/21/10 11,1,12,13 LCFM ——

25 year Life Cycle model 4 days Tue 4/20M10  Fri 4/2310 1,11,12,13 LCFM HEEFh

showing revenue and

performance of building

Dry Run 1 1 day? Tue 4/27/10  Tue 4/2710  14,15,16,1 ALL 3 ALL

Dry Run 2 1 day? Wed 4/28/10 Wed 4/28/10 17 ALL ALL

Final Presentation 1 day Thu 4/2910  Thu 4/2910 18 ALL ALL



Model Coordination

Me: Using model, start at: 6:25pm PST Apr 22 -
@ End at: 9:55pm PST

Sandra: hey everybody! | will be available from 2Pst onwards till | don't Apr23 -
v know maybe 4-5 PST. i will be online at skype

Marielis®: using model: 3am -11;30am PST. friday apr 23. Apr23 -
opened file - CM-4.22 2010 _Radiator_Model (floor attachment s
new file saved as: A-4.23.2010_Radiator Model w6

Marielis®: using model: 12:30pm -2:30PST PST. friday apr 23. Apr23 -
opened file - A4 23 2010 Radiator Model v
new file saved as: A-4.23.2010_Radiator Model_vi

m Zan: Hi Marielis, so | took the 4.17 2010 for the change in wall ___I have Apr23 -
not uploaded yet but seems you have another model_.| will change your updatest
madel then ..| have made small change so i dont think it it take a lot of time. So | will use
A-4 23 2010 Radiator_ model v

Can | confirm A-4 .23 2010 Radiator_Model v6 is the most update one and | will finish
using model: 7:20pm -3:00PST PST. friday apr 23.

m Zan: Hi guys...you want to add anything specific on Sunday agenda? you Apr 23 =
add edit it on googledoc._. For now, | just have two items but | will add one more
about the presetnation soon.. free feel to add yours

m Zan: opened file : A<4.23 2010 _Radiator_ Model v6 Apr23 -
new file saved as:4.23 2010 _Radiator_ Model w7

Marielis®: using model: 8pm -3PST PST. sat.apr.24 Apr24 -
opened file - 4. 23 2010_Radiator_Model_w7
new file saved as:4.24 2010 Radiator Model w8
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Kristen and Tim and GPLA

Axel Seifert Afann Naqvi
. Prof. Helmut Krawinkler,
Prof. Renate Fruchter Erik Kneer
Prof. Humberto Cavallin
David Bendet Greg Luth

Thank You!

Andrea Jungbecker Cole Roberts Prof. Cristina Algaze

Prof. Ronnie Borja

Willem Kymmel Henry Tooryani
Glenn Katz

Matthias Ehrlich






