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«  Science Research complex
« 275,600 sq. ft.
« Three above grade floors, penthouse, mezzanine, and basement

Project Overview

A T
TN

Time and Cost

$230,000,000 budgeted overall cost
$175,000,000 building cost

Design-Bid-Build Delivery .
June 2008 — July 2011 Construction -

Sustainability Features

LEED Gold Certification «  Daylight integration in perimeter
Green roofs on both wings spaces
Low VOC materials on interior «  CO, occupancy density sensors
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Construction Project Overview Lighting and Power

CON?)TI_IR:S?'ON DURATION (DAYS) START FINISH S TR, e ey . anlighting on 480Y/277V supply
8 | . Receptacle and small loads 0N 208Y/120V

Notice to Proceed 8-12-08 _ ) )
S e «  Lutron Ecosystem |n.pubI|c perimeter spaces
«  Occupancy and daylight sensor control
« Lighting control panels for exterior spaces
« Campus tied, 12.47kV supply voltage
«  Dual 5000A main-tie-main switchgear
«  Rigid conduit and aluminum cladding in electrical rooms to
mitigate EMF interference

Superstructure 7-7-09
Enclosure 11-9-09
Building Systems & 12-14-09

Finishes

Construction 8-12-08
Duration

Substantial 7-7-11
Completion
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Mechanical Project Overview Structural

« VAV Reheat Air Distribution » Steel Structure

« (5) 50,000 CFM AHUs deliver 100% OA to General Lab Areas «  LWT Concrete on 3inch Metal Deck
« (3) 40,000 CFM AHUs serve Office & Common Areas «  Wide Flange Beams and Girders, 21 and 24 inches deep

» Animal Care, Quiet Lab, and Clean Room AHUs [ . 22ft. X 22ft. Bays

- High pressure ;team from PSU central plan  154ft. Cantilever at the North-West corner of the Bmldmg
«  Reduced to medium and low pressure for use . 4 Main Supporting Trusses > #

 PSU campus ChIIIEd Water used for COOIing coils . Web Members Oriented for Axial Compression
AHUs - «  Moment Connected Members for Stiffness

« Dedicated exhaust system for fume hoods, biosafety «  Controlled by Deflection - 2 inch Allowance
cabinets « Lateral System

« (O, Sensors throughout to maintain air quality «  Shear Walls, Braced Frames, Moment Frames

4t floor penthouse and basement mechanical rooms «  90% of Lateral Forces Received by Shear Walls
«  Seismic Forces Control

« Foundation
«  Micropiles Beneath Pile Caps
«  Grid of Foundation Beams
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IPD/BIM Goals KGB Maser Goals of Analysis Engineering Goals
« Decrease energy consumption by 1 O%

BIM models .
. Reduce size and COSt of structural system

Perform analyses using the central model asa Itiol
base ode - Modify facade to accommodate IMMUITIPIE

4D Modeling Software A// | \ Structural Analyss dlSCIpIIn65: daylight delivery, structural
V

Document mOdel Sha r ng Processes t Mechanical Energy efficiency, mechanical system sizing, and

. . Analysis ™
achieve design goals constructability

Update option-specific designs within the appropriate

Power Analysis Software

Lighting Analysis

Rendering Software Software

Work collaboratively to asses repercussions of design

changes on all diSCiplines
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Precast Panel providing approx. 28in. overhang

EXi Sti n g VS . P rO pOSEd Fa Ca d e Revised brick attachment to concrete panel

Key Design Issues

Upper Glazing: 40% Frit Small louver to allow for additional overhang

How does overhang depth affect mechanical load?

: : Glazing change to bal hanical and
How does overhang depth affect dayl IJ ht delive ry7 P EAngE e T{thii':ge?ma;]!zﬁi?,s

Continuous Louvered Overhang

ls it possible to reduce th e WElg ht of panels? Larger louvered overhang at mid-point of window

Lower Glazing

Can all options come to a conclusion that is beneficial and
cost effective?

Precast Panel Thinner facade panel to decrease weight and cost
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Overhang Investigation: Trane TRACE

1%y Library / Template Editors -

General | Details
File View Options Window Help
@ Rooms Analytical Surfaces

=1/t Building Model
-] BASEMENT

] BASEMENT MEZZ

| FIRST FLOOR
SECOND FLOOR
THIRD FLOOR
MECHANICAL PENTHOUSE
ROOF

Lverhang - 2.5

| Shading Library

RC [ | ) |

Templates Window Help

TRANE®

Opening - 1 Opefing - 1

Opening - 1 Opening - 1 Opening - 1 Opening - 1 Opening -

Erm Dbl Ref O Clear 13mm Argon Ermm Dbl Ref D Clse®1 3mm Argon Ernm Dbl Ref O Clear 13mm Argon Ernm Dbl Ret O Clear 13mm Argon Ernm Dbl Fef D C
0.47 0.47 047 047 047

0.44 0.44 044 044 044

i} " 1] 1] I

Uverhang projection ot

Mext... Save Settings Cancel
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Overhang Investigation: Project Vasalri s

Trniple Pane Clear - Lowk Hot or Cold Climate

Common
Building

Conceptual Constructions

Mass Model Constructions

s Exterior Wall - Underground

lear - LowE Hot or Cold Climate
I e

.5 Shade

ng Services

chedule
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1’-0” Panel, 3’-0 Tot Overhang Profiles

12:00PM
~ Juhe ~———
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\

N N

— Aol ~— N\
pril/August N /\
. \

N\ \

N T
~"Mar, ~ \ \ '\\'

\ O\
\

Sept

@
&
<
o
F=
e
a

s MS North
s MS South
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-30 -15 0 15

Solar Azimuth

Overhang Investigation: Daysim

Percentage Savings over Original Design

45.00%

40.00%

35.00%

30.00%

25.00%

20.00%

15.00%

10.00%

5.00%

0.00%

-5.00%

0

Dimming System kWh Savings by Design

y =-0.0102x*+ 0.154x3- 0.8406x? + 1.9575x- 1.2607

y = 0.0059x%%- 0.0535x%+ 0.1608x-0.1179 [l
|

Overhang Model Number

¢ Total Savings
B Zone Savings

—— Estimated Total
Savings

—— Estimated Zone
Savings

Designs:
1. Existing Lighting,
Existing Overhang

2. New Lighting,
Existing Overhang

3. New Lighting,
3'-0" Overhang

4, New Lighting,
3'-6" Overhang

5. New Lighting,
4'-0" Overhang
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Overhang Investigation:

At 3'-0” the zone savings density is as follows:

A o o Oszrsli\ga:g Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Total Sa\Z:]gs

O p e ra t I n g C O St F I n d I n g S InlEe el 13501 11246 11870 10726 12312 11771 11771 123.17 11372 127.98 12893 12525 1451.08 0.00%

o 4o . el 10058 7823 7352 6191 7060 6321 63.13  69.44 70.10 8376 9391 9926  927.72 36.07%
EXI stin g SyStem O, 5 905 kW h / S F a pp I |ed to 1 41 1 5 S F Of ;wGrar:S 9735 7536 7071 60.18 6873 6267 6282 6796 6778 8156 9147 9610  902.75 37.7902
. el 100.16 7780  73.03 6165 7054 6310 63.02 69.23 6973 8336 9351 9895  924.12 36.32%

p erimeter area 4 Grand 96.29 7455 7008 59.68 6831 6260 6278 6751 67.09 80.87 9047 9506 89533 38.30%

0" I OVerhang and G|aZin9 AnalySiS: Summa ry Of EffeCt on HVAC Operating Cost Actual Z 4961 3820 37.02 3301 3773 3603 3603 3778 3575 4259 4724 4728 47833 0.00%
3 O Overhang 0'5494 kWh/ SF applled to 1 41 1 5 SF Of r:eleo:Ze 6040 4329 3508 2696 3042 2477 2469 2925 3341 4358 5547 6257  469.95 1.750/2

perimeter area

otal ratlnﬁ] cost sg\él?gﬁli(w 08/kWh is §46 48 for Overhang

0

3'Zone 5717 4042 3227 2524 2855 2423 2438 2777 31.09 4138 53.04 5941 444.99 6’97 /0

3.5'Zone 5997 4286 3459 2670 3035 2466 2458  29.05 33.04 43.17 5507 6226  466.36 2.50%
4'Zone 56.11 39.61 31.64 2474 2812 2416 2434 2732 3040 40.68 5203 5836  437.57 8.52%

Existing Glazing Proposed Glazing

lSt nme h energy us S 2.5 3.5 25 3 3.5
ﬂ%rr%e %/5P36%Wh energy usage P
TRACE —
$1,501,728 $1,494,852 $1,490,400 $1,512,576 $1,481,418 $1,478,640 $1,478,268 Orientation Change Summary —
. Results Designoverhang MS South kWh Mat. Science North Life Science East Life Science West
o o f TableX  Total kWh 9% of MS South Total kWh % of MS South  Total kWh % of MS South
Nﬁbﬁéﬁ%ﬁﬂ@%g Wldé QH@ §Mthﬂ@e§ﬂ)'e'§§ﬂ9@hanlcal IR 145108 144646 T 7 T WA s
Decrease 0.45% 0.75% -0.7% 1.35% 1.53% 1.56% Actual Zone Total 47833 473.70 99.03% 484.65 101.32% 47453 99.21%
operating costs by $23,088 Vasari
asari
R It $953,470 $952,430 $951,956 $888,241 $884,272 $883,823 $883,286
esults

Decrease 0.11% 0.16% 6.84% 7.26% 7.30% 7.36%
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B | Family Types

Mame: | , Fluorescent Dimming Ballasts EcoSystems H-Series Architectural Dimming

Export parameter
changeto “ACIS
Solids”

-Series Overview

Photometrics
Tilt Angle

| | Apply

OCTRON® AND OCTRON* CURVALUME® FLUORESCENT LAMPS
OCTRON® 800 XP* 4 Foot SUPERSAVER® Lamps

affle Options
wes

StudentExport.dwg

Import to AGI32 where
material properties are
assigned

StudentExport.AGlI
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Impact on Lighting Design

Study Area llluminance Summar

llluminance (fc)

Space Min. e Max. Max./Min. Coeff. Of Variation Uniformity Gradient
SHCyiATEa 9.0 365  106.0* 11.73 0.47 2.47

Only
Corridor Only 4.5 9.36 10.8 2.40 0.15 1.31

100.00

SLEEIRAE 343 550 3.67 0.27 1.42

Combined

St 200 253 3.47 0.23 138

Combined

'

0.00

l,::
lluminance (Fe
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Existing Conditions

« 27.6" Deep

« 6" Thick Concrete at Face

» 2" Facebrick
 Largest Panel 21ft. Wide by 11ft. Tall

Gravity Controlled Design

 Prone Position Causes Greatest Stress
« 2 Bearing Connections at Either End
« 2 Lateral Connections at Either End

Cracking Stress

Self Weight Check Prone

Inertiaof Strip | 76.765625(in.4 |
462.17134 93} OK

Panel Depth Assessment

D

)
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Existing Conditions

« 27.6" Deep

« 6" Thick Concrete at Face

» 2" Facebrick
 Largest Panel 21ft. Wide by 11ft. Tall

Gravity Controlled Design

 Prone Position Causes Greatest Stress
« 2 Bearing Connections at Either End
« 2 Lateral Connections at Either End

Cracking Stress

Self Weight Check Prone

Inertiaof Strip | 76.765625(in.4 |
462.17134 [} OK

Panel Depth A

ssesment

Redesign
« 15.75" Deep

« 5" Thick Concrete at Face

* 1/2" Facebrick
 Largest Panel 21ft. Wide by 11ft. Tall

Wind Controlled Design

* Prone Position Causes Greatest Stress
« 2 Corbel Connections at Either End

« 2 Lateral Connections at Either End

Required Steel

Vumax=| 189

As.re

!I

g -
)
1

As.re

d

As.min=

| As.reg=
| As.min=
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arned cCKnowledgements Questions/Comments

1tr o] IPD/BIM Goals Facade Redesign Mechanical Redesign mary of Implications 2sSsons

Cost Assessment

Stacked Walls (1) ~ | £ Edit Type

A Existing Pre-Cast

Total [5F}

Constraints
Wall Centerline

218,027 | 52,816,834 |
| | roracost= ssaesgesar| | |
Redesign Pre-Cast
Total (F Equipment
7231911 205 62 | 5250808 | s30s1 830

Dimensions
Length

---—————
] TOTALCOST= $30si83462| | | |

Cost Savings = $240,000

LAuto-detect

&

Manageme.

n Consulting?
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Existing VAV Distribution System

Energy efficient design that can be easily
controlled to space airflow needs

Familiar system for designers and contractors

Less pumping energy required

Existing vs. Proposed Distribution

Conditioned primary air

Supply air

Primary air chamber

Induction nozzles

Mixing chamber

(primary + induced)

Induced room air

Supply air
(primary + induced)

Proposed Active Chilled Beam Distribution System

Takes advantage of the higher specific heat
capacity of water

More concern for handling latent loads

Higher initial cost

Fan energy saved, pumping energy increased
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Existing VAV Water Flow Diagram

Penthouse AHU

To Process Chilled
Water Heat Exchangers

Campus 42 F
Degree Chilled
Water Supply

Cooling Coils

A

y

56 F AHU Return to
Campus Chilled Water
Return

VAV Reheat

Coils

180 F VAV Box Supply

@

»

—

—@®

>

160 F VAV Box Return

B

v

Low Pressure Steam Supply and Return

From Campus High Pressure Steam via
Pressure Reducing Valve

Existing vs. Proposed Distribution

Penthouse AHUs:

Proposed Chilled Beam Water Flow Diagram

62 F Chilled Beam Return

Cooling Coils

To Process Chilled Water
Heat Exchangers

Campus 42 F
Degree Chilled
Water Supply

Supply Water

r:

Additional 42 F Campus Chilled
Water Supply as necessary

e E A Ret Temperature Senso
) eturn "0“ Dew Point Control
SRS L 4
\‘0“ 58 F Chilled
Beam Supply

L

Chilled Beams:
Heating &

Cooling Coils

Campus Chilled Water

Return

Return Water
Temperature Sensor at
Each Zone: Capacity

Control

Y

— B

@
—@®

To Campus Chilled
Water Return

—_—

Low Pressure Steam

Return to Condensate

Pressure Powered

Pump

Low Pressure Steam
Supply

Low Pressure Steam from
Campus High Pressure

v Steam via Pressure

Reducing Valvg

GB

&

Manageme.

n Consulting?



PD/BIM Go | Distribution RedeSign Cantilever Redes mary of Implications SSONS Learneda cknowledgements Questions/Comm

Existing Lab VAV Air Flow Diagram Existing vs. Proposed Distribution Existing Office VAV Air Flow Diagram

Exhaust

Exhaust Fan i
— Al Steam

Exhausted Air Humidifer

Ai y
Outdoor Air 55 F Primary Air Outdoor Air I U t @
ARGy © W e ® *

@ _ O 55 F Primary Air

VAV Reheat Box

VAV Reheat Box Preheat Cooling Supply

Preheat Cooling Supply Stea_m Coil Fan Return Air
Steam Coil Coil Fan Coil
Enthalpy Steam '
Wheel Humidifer ]

| Return Air Supply Air
Terminal Terminals

[ Dedicated Supply Air Exhaust Air
Exhaust Terminals Terminal
(Fume

Hood)

Typical Zone

Office Space
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Perimeter Zone Chilled Beam Air Flow Diagram

Exhaust Fan

1 -

Exhausted Air

Outdoor Air _ o 55 F Primary Air @
: VAV Box
Preheat Cooling Supply
Steam Coil Coil Fan
Enthalpy Steam
Wheel Humidifer

1-Way é\nd 2—Way; Active
Chilled Beams

Exhaust Ai
Terminal

Typical Zone
Office or Lab Space

EX|st|ng VS. Proposed Dlstrlbutlon

p_ﬁ

T Ty O E T TR Ty U T

BRI

il | Exhausted Air
ety f Outdoor Air

1 » il

i

|

1r

- Dual Wheel AHU delivers neutral air

Enthalpy Wheel AHU delivers 55°F air

Interior Lab Chilled Beam Air Flow Diagram

Exhaust Fan

10Wa

@ _o 68-72 F Primary Air @
VAV Box
Preheat Cooling Supply Sensible Neutral Air
Steam Coil Fan WL EE
Coil
Enthalpy Steam
Wheel Humidifer Dedicated 2-Way Active Additional Diffuser

Exhaust Chilled as Needed
(Fume
Hood)

Typical Zone
Interior Lab Space

n ACo nsultlng
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Active Chilled Beam Design Process

1. Obtain room loads from Trane TRACE updated model 2. Compare ventilation needs: ASHRAE 62.1, Latent, Air Changes 3. Select Chilled Beam Manufacturer

Room Checksums
ACADE

TEMPERATURES
Cooli Hy

asilanse Ac hilled Beam Linear
ACBL / ACBL-HE

Out:

Space Plenum MNet Percent Spa Percent
Sens. + Lat. Sens.+ Lat Total Of Total Sensible OFTotf

Biwh Biwh Biuih (%) Btulh It ACtIVG Ch I”ed
D Beams Product Features

6 A ———— Of fice:0.06 * SF + 5 * People e
Labs:0.18 * SF + 10 = People '

gme Sl re _ Qiatent
QLatenthM -

_ e (0.683( (Wroom — WPrimary)

Supply Air Leakage

COOLING COIL SELECTION
Total Capacity Sens Cap. Coil Airflow Enter DBIWE/HR Leav|
MBh Bh F g

TRO TECHNIK

TROX USA, Inc.

6 Air Change Minimum for Lab Spaces SR e

Faceimile  770509.1435
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4. Reference RCP & Manufacturer Selection Spacing Program

InputDID PP plp !
Vwater DID
4.0 ft
Vair-primary DID
Connection-diameter / pimary air
[ ssoF Room Height (H) 110
A 12.0 ft
3 75.0°F 53.0 % 70.0°F

Troom / rel. Humidity

DID 632 Two Way Active Chilled Beam Selection Program
[ Untiengmn ]
U
cooling Input Room Dimensions

'

[ esoF [ Occupied Zone Heigit
oy &
TROZ recunik -
The art of handling air I]F}:.Iﬂ:i

4 pipe coil 2 pipe coil — - - _ A==\
Results ¢ ¥ ! ]
cooling heating cooling neating /
H1

™1 ]\

-13.7 °F 17.6 °F

AT room - water flow A7.0°F m 17.0 °F

3694BTUH | -3332BTUH | 3705BTUH

14.5°F
ETT -
[ eoo | wes1un | zmreTun | SoseeTun | -z7BTUR

@ | w

-6133 BTUH | 1398BTUH | 6380 BTUH | 1408 BTUH

I T S T

NC (ncl. 10 dB room absorbtion)

NOTE: This calculation program is only applicable to DID632 beams manufactured by TROX USA.
2 ( eafPm |
[ tezestm | @ |
DIDE32US

Textin red represents a value thatis notgenerally recommended (see user notes for details).

right to change and the nt pe time. TROX USA, Inc o labilty &

m

>
@

Connectiondiameter / primary air

Active Chilled Beam Design Process

5. Use RCP to place beams in space in Revit MEP model

6. Adjust Chilled Beam Families in Revit
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0' 11177/256"
0' 917/128"

Active Chilled Beam Design Process

Summary of TROX Chilled Beam Adjustments

Parameter

Flow Configuration

Flow Direction

Family

Location of Inlet

Air Flow

Downloaded Adjusted
Setting Setting
Calculated Preset
In In
Mechanical
Equipment
Top (Cost
Option)

Air Terminal

Side

Instance: Keeps
CFM constant
for the same

family

Type: Allows
different CFM
for same family

6. Adjust Chilled Beam Families in Revit

erat 63.00 °F

0 GPM

0CFM
Nozzle Type: K

ratur  55.00 °F

55.00 °F

5267.00 Btu/h
3267.00 Btu/h

0.00 Btu/h
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Active Chilled Beam Design Process

7. Create Systems so Revit can calculate Duct, Pipe Sizes 8. Place main duct runs in cellular openings

MSC MECHAMNICAL_mpg5034.r... 8]
Systems
=07
= Supply Air
+-[&Y Life Scie East Ext,
Iﬁl Mat Sci Morth Ext.
=} MatSci East Ext.
=) Mechanical Suppl...
=} Office Bridge Ext.
= South Life Sci
IEEI South Mat Sci Ext
+-[=h West Life Sci Exte
7] Piping (0 systems)
£ Electrical (0 systems)

#-7] Unassigned




Introduction IPD/BIM Goals Facade Redesign Distribution System Cantilever Redesign Summary of Implications Lessons Learned Acknowledgements Questions/Comments
Structural Integratlon With Chilled Beams
Existing Composite Floor System Redesign W o _-:——T——*
- 22ft. X 22ft. Bays « 30in. Deep Cellular Beams T | ————— f—|—~ ——
- 21in. Deep Wide Flange Beams ~ + LB30X44 Beams N | ,' : MLLMML— i
 24in. Deep Wide Flange Girders - LB30X57 Girders N I ———— et I
» Floor Supports Green Roof » Lighter Bays _ | LR ___lLlLLI i
+ NWT Concrete _|mB R e S

3.25” LWT Topping
3” 18 Gauge Metal Deck

3.25” LWT Topping
3” 18 Gauge Metal Deck

30” Deep Cellular Beam

|
T’¢
7l t
g

—H’fi

l

==

\
}

EI

:—l 2

.

LI
=
_I_
E
].F

<= ,l_.

‘

Existing Floor System
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Chilled Beam Electrical Reaction il i
Lab Service: "~ Labs/Offices: g
ACF-1 AHU-EXT-1
ACF-2 AHU-EXT-2
ACF-3 Interior Spaces:
ACF-4 —_ AHU-INT-LS1
ACF-5 AHU-INT-LS2
Office Service: AHU-INT-MS1
1 ACF-6 — - AHU-INT-MS2
ACF-7
|4 ACF-8 —< Consolidated to MCC:
SVX9000 AFD Water Pumps: CWP-1
72* (6'-07) TYP. 9 8 30y (3 Hawgit CWP-1 CWP-2 (sta ndby)
e ‘ b Height) CWP-2 CWP-3
- : Di t d Start CWP-3 (standby) CWP-4 (standby)
at 1004 (12X Height) Isconnects an arters CWP'4 (IOW ﬂOW) CWP_S (IOW ﬂOW)
= e e : HWP-5 HWP-5
at 150hp (12X Hed
H_::P\;\/ c MEP“ ¢ Main Circuit Protection HWP-6 - HWP-6 (standby)
1200AF/1 .
EeER N Feeder Unit
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Section Box
applied to
W324A-Hot
Room

Fume Hood Face Velocity Testing:
Software Process

DXF Export
from Revit
Architecture

Attempted
import as
geometry
into
Phoenics
2009
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Section Box
applied to
W324A-Hot
Room

Fume Hood Face Velocity Testing:

Software Process

DXF Export
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Fume Hood Results

o o /4
1.  Face Velocity achieved durlng 18" simulations, ST TTE I 6 R (R e Al Coss £ Senias
not 30" Metric 100 fom VAV 80 fpm ACBs

Cooling/Dehumidification $233,356 $122,597

2. 14.2% more contaminant present at face of fume Heating $6,479 $13 447
hood in 80 fpm, 18" sash Fan $110,512 $81,042

3. 18.0% more contaminant present at face of fume Humidification 217,610 233,343
) " CAV Operation Costs $367,958 $250,431

19l T S g, S1L VAV Multiplier for Operation 0.32 0.32

4.  All contaminant readings less than 0.015% of
SOUICe, drop significantly at Human

$116,704

$79,428.
31.94%

Adjusted Operation Costs
Percent Savings

5. 3 1 .94% energy savings from conditioning less air
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Monthly Operating Costs

3rd Floor and Estimated Building Operating Costs

3rd Floor Building $30,000
Building Energy ¢ 128534 98,871,204 320,000

Existing VAV AL
J Operating Costs  $250,288  $1,501,728 $10,000
Cost/SF $5.84/ft2 5

Building Energy
Proposed ACB + kBtu/yr
Triple Pane Operating Costs  $214,983  $1,289,898
Glazing Cost/SF $5.02/ft2
Percent Savings 14.1%

13,912,786 83,476,716

Active Chilled Beams m VAV
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Mechanical Equipment Schedule
Family and Type Count Total COST

Radiant-ACB1-4: ACB1 12" Wide, Inlet 4" 1327.75
Radiant-ACB1-4: ACB1 12" Wide, Inlet 4" 1327.75

Duct Schedule

Size Area Length Unitless Length Cross Area  Volume Per FT Weight

13"%13"
16"x16" N
18"x18" S

Mechanical Redesign Cost Assessment

CHILLED

BEAMS DUCTWORK PIPING PUMPS AHUs TOTAL

$9,608,000 $2,966,400 $377,840 $165,484 $2,274,046 $21,035,567

20"x20" ) & P
. r
Pipe Schedule P, &
Family and Type Size Length li::;;s Material Labor Equipmet Total COST | ~)
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Coal Plant Findings

Real Rate 2% Inflation

VAV $54,813,916 $63,883,395

ACB $55,346,191 $62,693,273

Percent Savings -0.97% 1.86%

$1,190,122

NPV Differential ($532,275)

5% Inflation
$63,856,220
$62,647,108

1.89%
$1,209,111

Comparing Life Cycle Costs of

Mechanical Systems

If inflation occurs and PSU remains a coal fired
plant, the Active Chilled Beam system should be

considered

If PSU changes to a Natural Gas plant, the Active
Chilled Beam system should be considered

Natural Gas Plant

Real Rate
VAV $64,693,985
ACB $59,478,486
8.06%

Percent Savings

NPV Differential

$5,215,499

2% Inflation
$72,152,832
$69,307,263

3.94%

$2,845,568

5% Inflation
$72,110,021
$69,259,831
3.95%
$2,850,190
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Isolation Lab Interference

+ Column Penetrates Through Slab

& * Labs Limited to 130 micro
inches/second

« Labs Sequestered from Foundation

Proposed Solution

« Column Pile Caps 3ft. Beneath
Bottom of Isolation Slabs

. |solation Slabs Poured Around
Columns

« Compressive Material to Fill
Gap
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Existing Entire Structure
Framing Tons Column Tons Framing Cost Column Cost
3058.7 Tons 953.84 Tons $8,179,891.34 $2,386,659.20
| Total= | $10,566550.54
Existing 3rd Floor Structure

Framing Tons Column Tons Framing Cost Column Cost

Redesign 3" Hoor Structure

Framing Tons Column Tons Framing Cost  Column Cost

| 45979Tons | 202.92Tons | $1,310,896.61 | $539,218.72

:;'sus;sA ==
B i §
| [ wk‘, :
e

— == -
p——

6185011533 |

Cost Implications to Entire Structure

A

COSt Savi n g S _ $2 290 81 5 Savings/SF Total SF Total Savings Total Cost
I / /

_ $8.3326/SF 274,922 SF | $2,290,815.05 | $8,275,735.48

B
v
| | Tota-| so31m04 |
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EX|st|ng Courtyard Design

Type

Total Cost Total

Cost Unit Cost

RPC Shrub: Century 110" _—_

RPC Shrub: Switchgrass (2) 4'-0"
Basic Wall: Concrete Panel Wall

Custom Park Bench 6'-0"

Bicycle Racks __

 Mueh |
Bermuda Ornamental Grass
Ground Cover Grass
Fern/Boulder Area
Exposed Aggregate Concrete
Decorative Pea Gravel

Decorative Boulders

Total Including O & P, Waste,
Delivery, & Time

Modifications =

$271,745.24

Management. Eng1neer1ng Consultlng
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Cage Structure Development
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Final Courtyard Design

.......
.....

Park Bench 6°-0"
Courtyard Railing
Mulch
Cage Structure ' . ' s | 9 200,000.00
Courtyard Sod )

Total Including O & P,
Delivery, Waste, :‘::-.TIIT'IE
Modifications = $866,984.16

R
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Export from Revit as
Cantilever.fbx;

Import to 3ds Max Design
with File Link Manager

CantileverModel.rvt

B4

& B

14 1
T §

3ds Max Calc Points

CantileverModel.max

7
=

Final Courtyard Design
Lihtig

s -lll [ f i : N

[T

Analysis Value Color Coding

Lighting Analysi isplayed in the Image Overlay
and LIght M

Min: 0.0 5 1

Scale: |Linear

p L4|

IE===1u

Calculation Grid

Paths 1.10
LS Interior Well 1.90
Y SAVE I 1.80
MS Interior Well Kl
MS Exterior Well Xt

Min.  Avg.

Courtyard llluminance Summa

AGlI llluminance (fc) 3ds llluminance (fc)
Min. Avg. Max. Max./Min

Max.

63.20 0.102 23.15 59.00 57.45
72.40 38.11
39.10 21.72
47 60 Not Measured 25.05

54.10 27.05

AGlI Specific Values

Coeff. Of Uniformity

Variation Gradient
1.16 3.10
0.59 13.30
0.41 7.48
0.49 15.03

&

Manageme.
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Summary of Cost Implications

SUMMARY OF SYSTEM FIRST COSTS

FACADE STRUCTURAL MECANICAL/ENE COURTYARD
REDESIGN REDESIGN RGY REDESIGN REDESIGN

EXISTING COST $3,295,766 $10,566,550 $19,188,000 $271,745
PROPOSED COST $3,051,834 $8,275,735 $21,040,000 $604,910

SAVINGS/EXPENSE $243,932 $2,290,815 $1,852,000 $333,165

TOTAL FIRST COST SAVINGS = $349,582
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IPD/BIM Lessons Learned

. Adequate time must be allotted for OVErcom | ng
software design issues

- Must work consistently in COIMIMUN icative

environment

Not all information can be shared between

modeling platforms; intermediate steps must be taken

. Challenging to keep uniform group formatting
standards

+ Need to explain technical reasoning | [T}, ‘ L N .. during system designs
behind each decision to all disciplines ' N | =i

+ Model sharingisa ON€ Way Sstreet outside of

Revit platforms e
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