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Jon Brangan:
Construction Management

Puilding STIMULUS
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The Pennsylvania State University
Millennium Science Complex
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WHITING-TURNER !),:,-WSP' FLACK+KURTZ

Sara Pace:
Mechanical

Puilding STIMULUS



Building Overview

* Location: University Park, PA . E _

» Construction Dates: June 2008 — June 2011 ——— = ===
* Estimated Cost: $230 Million budgeted —
* Project Delivery Method: Design-Bid-Build
* Size: 275,600 Square Feet

* Type of Use: Science Complex
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Integrated Project Delivery

 Weekly Meetings
* Project Work Spaces

e Essential
Communication Tools

FJ ~) Microsoft Office

.u Project
Doodle e

4 participants
Miguel
Facade Design Meeting s
Policlosed | £ 4 | w0 | @ 74 days ago Paul

Jon
Discuss potential issues with facade types.
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What is BIM?

“Building Information Modeling is the process of
generating and managing building data during it’s
life cycle.”

- Lee, Sacks and Eastman (2006)
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What is BIM? Planning with BIM

“Building Information Modeling is the process of * 4D Modeling

generating and managing building data during it’s e Sequencing W
o V/4 .’T

life cycle. » Site Utilization T}

- Lee, Sacks and Eastman (2006)
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What is BIM? Construction & Coordination

e 3D Trade Coordination

“Building Information Modeling is the process of
generating and managing building data during it’s
life cycle.”

- Lee, Sacks and Eastman (2006)
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What is BIM? Construction & Coordination

e 3D Trade Coordination

e Clash Detection
“Building Information Modeling is the process of

generating and managing building data during it’s
life cycle.”

- Lee, Sacks and Eastman (2006)

Puilding STIMULUS




What is BIM? Construction & Coordination

e 3D Trade Coordination

* Clash Detection
“Building Information Modeling is the process of

generating and managing building data during it’s
life cycle.”

* Verifying Model Accuracy

- Lee, Sacks and Eastman (2006)
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What is BIM? Facilities Management

* Primary use of BIM Post-Construction
“Building Information Modeling is the process of
generating and managing building data during it’s

life cycle.”

- Lee, Sacks and Eastman (2006)
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What is BIM? Facilities Management Family Product Information

* Primary use of BIM Post-Construction
. . . . . ¢ F. IVI . M O d e | CO n ta i n S : \;“"‘FP Hs — ] 'u'-.r A "'.|EII|E||i.1:E.Cl:| m,/products/voice
“Building Information Modeling is the process of flode P Parene
. : e .
generating and managing building data during it’s en
. ” — Model Numbers s ' ecess ownlights
life cycle. _

— Manufacturer Information

— Website Link

- Lee, Sacks and Eastman (2006)
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What is BIM? Facilities Management Family Product Information

* Primary use of BIM Post-Construction
 F.M. Model Contains:

“Building Information Modeling is the process of _ Design Information

generating and managing building data during it’s

. 5 o — |
li f e cyc le. 3100.00 Im |

- Lee, Sacks and Eastman (2006)
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What is BIM? Facilities Management Family Product Information

* Primary use of BIM Post-Construction
 F.M. Model Contains:

— Design Information

“Building Information Modeling is the process of
generating and managing building data during it’s

Electrical

— Quantities

life cycle.” . : :
— Engineering Information
- Lee, Sacks and Eastman (2006) S B Lo Tpe

Puilding STIMULUS




Building Stimulus Design Goals

BIM Project Execution Planning Procedure

trovghine idennicanon of BIM
and Uses ,,J:J e S
SOdls and uses,

Identify BIM Goals Define project and feam valve - | ® Areas Of FOCUS
* BIM Project Execution Plan

Develop a process whichincludes
Design BIM Project el =

Iasks supporied by BIM along wilh = | . . . . . . .. .y
Execution Process Wi iy shrn ek et 5 [, S — Bl I\/I/P roject Goals Assess Cost Associated with Cost Estimation, Existing Conditions
Sl Design Changes Modeling
Develop the information content, — BI M U SES

ievel of delailiand responsiole.
parfy 1or each exchange:

Develop Information
Exchanges

Design Authoring, Design Reviews, 3D

¢ Ident|fy MetriCS Of SUCCGSS Increase Ef;‘(se;cri]veness i Coordination, Engineering Analysis,

Delivery Slrolegy / Conkoc! |

Existing Conditions Modeling

Define Supporting g BEhREIhe projectinirasirvcivre
Infrastructure for BIM Jrequirediosupporiine developed
Implementation BIM process.

Communication Procedures

> Technelogy Infrastructure Needs

Model Guotity Cortiol Frocadre

Interdisciplinary Design

. Design Reviews, 3D Coordination
Coordination
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Main architectural feature of the building

Intersection of Materials Sciences and Life
Sciences

Occupiable and Non-Occupiable space on 3™
and 4t floors (Mech. Penthouse)

Features a 3 bay x 3 bay opening
3 isolated quiet labs below plaza

Building Stimulus Cantilever Overview

Cantilever Design :

Puilding STIMULUS



Building Stimulus Cantilever Design Goals

e Structure: Reduce steel and increase load path
efficiency . e ———r

———

- S e
r:&i.\.w.e._:fr-.

- — z -~ =3 e om 1o
ey YT g s 0 E | SR "‘:’-'- :
e e e e T e A

TPy YT - 3
N AR LI N L Ly v @ g > — - - : : ~
A B, W L S L L B S P W T L 2 N TR

e Lighting: Create an Inviting Entrance S~ Y m————————

T e o et 2 L . b

o TS

* Construction: Increase Productivity
e Alternative Energy

Ko 2

R Wt
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* SAP 2000 used to model the structural system
of the cantilever

e Existing Conditions modeled and checked for:

— Member strength

— QOverall Deflection

S i e
— Stiffness LFasc=s SRSNEaRE Sl

Cantilever Design :



Building Stimulus Cantilever Structural Redesign

e SAP 2000 used to model the structural system

of the cantilever < B gisitases
e Existing Conditions modeled and checked for: / SSsasicess
— Member strength iy

ffffffffff

oooooooooo

— QOverall Deflection
— Stiffness NN mEam

ooooooooooooooo

ooooo

ooooo
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Building Stimulus Cantilever Structural Redesign

* SAP 2000 used to model the structural system
of the cantilever

e Existing Conditions modeled and checked for:
— Member strength

— Overall Deflection
— Stiffness

Building Overview IPD/BIM Thesis Design Goals

Cantilever Design _

Facade Design

B Members Downsized
B Members Upsized
B New Member

Frame @ Section Station P V2 V3 M2 M3
in Kip Kip Kip Kip-in Kip-in in

Frame 2.8 W14X257341.1041882.07 8.275 | 4.529 | -999.241 -832.527|341.104 0.8

Frame 2.8 0O |1898.65 -11.997 ' 4.529 | 545.488 -1467.19
Interaction
P, P. P./P, M 2 M3 px103 | b x103 byxlo3 Eqgn.
Kip-ft = Kip-ft

-1898.652 2472.32  0.768 @ H1-la | -83.27 -122.27 0.404 0.508 | 0.964

0.9103 <1.00K

Energy Modeling Reflection



Building Stimulus Cantilever Structural Redesign

Existing Redesign
Frame 2 5 2 5
P 1000 1000 1000 1000

u 11.5141 | 12.8985  12.9544 11.7441

.....

e SAP 2000 used to model the structural system “\ HY Mg s 0.01151410.012895 10.0129>410.011/44
T Y SEL NIRRT 1 ) AT % diff 11.34 9.80

-
-
e

\ \ ! - N ’ o
° \ \ g o S NG Tttt N\ = O | p \ p gl
\ / \ \ - . ’ - — p l -
. -. b\ AL e LR . - TR W '. n 7
- \ / \ L X -l . N ] : Y ¥ ~—— : | | i
e \ \ PR T | . . - \ | . \ 4 | y { '
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 Existing Conditions modeled and checked for: LMV o O S B e P i . e
e T o T A * Redesigned trusses to have similar

— Member strength \ : | ;_‘ | stiffness for load sharing
— Overall Deflection N * Result: percent difference in
— Stiffness stiffness less than 10%
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Exterior Plaza Lighting Design

Section View

Cantilever Design ‘d |
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Exterior Plaza Lighting Design

Plan View Section View
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Exterior Plaza Lighting Design

Plan View Section View
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Exterior Plaza Lighting Design

Plan View Section View
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Exterior Plaza Lighting Design

Plan View Section View
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Exterior Plaza Lighting Design

Plan View Section View Color Rendering
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Exterior Plaza Lighting Design
Plan View Section View Pseudo Color Rendering

i%21)

I

;:}‘l i
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900 x 900 x 100 m

107 x 108 x 20

* Domain Size

* Standard K-g Chen Model
* Hybrid Scheme
Simulation Results

* @Grid Size:

Model
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Wind Turbine Analysis

Cascade Swift Wind Turbine e e N
= @Grid Size: 123 x 134 x 22 11.20936 verage value

= |terations: 3000
* Start-up Speed: 3.58 m/s = Duration: 4 hrs. 48 min

1200 kWh/year at 5 m/s = Mass Residual: 0.166%
* Spacing Requirements: 22 ft

10.40871 4.231567

.608068
. 807422

006777 S . 1 8 t ur b i nes

.206131
.405486

gg:i;; ,f’;z”’ : r. . Total Array: 21’600 kwh/year
0304 : =  Cost: $8,500/unit
* Total savings: $1,624

9
8
8
7
6
5
1
1
3.
x

Swift Wind Turbines
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Building Stimulus Facade Design Goals

* Increase Thermal Efficiency

’.“&W *‘H‘w*w‘w -X“ N L -*.n W -—‘3!’ - "u- i o)
e )
-Lw m - -’ Mm" 'm‘.n . —Wa.&t-v.l';..r cﬁ"d TR SVl

e Reduce Precast Panel Weight e e —

- S T 0 g, R L L e - - — - A - . S
o .%mmm“_ e " o
.. = —mxr.c.mw.:ar.?

S - mx—rf i - — - e e

=

 Create Efficient Construction Process

- -.)-:wcx';(‘a' m
.'-? .n':::a)rmr

ey WL Ll S |

-
v MOTUERS B

e Daylighting Integration& User Comfort

Facade Design

Puilaing STIMULUS
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Double Skin Facade
g PR B

* Two Glazing Configurations
* Large Cavity Space

— Thermal Barrier

— Daylighting Integration

Bulding STIMULUS




Daylighting Integration
Building Orientation Double Skin Shading System Shading Control

e Girasol System

* Requires No Electricity

Solar Shading System

y D, Puilding STIMULUS




Daylighting Integration
Building Orientation Double Skin Shading System

P \\
A Sawtadweian] T,

= 1004

Fagade Design Puila ng STIMULUS



Daylighting Integration
Building Orientation Student Study Area & Corridor Layout

R

Double Skin Fac’*‘a‘;?é
Single Skin &

\‘-;

Stgent
158 SF ' 159 §F 156 8F
I

A
Nk (RO O B O

— e

_______

-------- f e e e

e I————————————————————————————————— ———————————————————————————————— —————————————————L b———————————————————,———————————————————— ] —————————— ————————————————————————— —

Facade Design

150.00

[131.25

12.50
3.75
75.00
6.25
7.50
ERE

0.00

llluminance

Pseudo Color Rendering — 6.21 10AM
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Daylighting Integration
Building Orientation Student Study Area & Corridor Layout Color Rendering — 6.21 10AM

Double Skin Facadh |

\D———D e Em:!«*fg o EGEL—WB

e I————————————————————————————————— ———————————————————————————————— —————————————————L b———————————————————,———————————————————— ] —————————— ————————————————————————— —
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Energy Performance
Solar Heat Gain from Glass

Original

New Facade

0] 100,000 200,000 300,000 400,000 500,000
Heat Gain (BTU/hr)
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Energy Performance

Electricity Consumption

Original

New Facade

660,000 665,000 670,000 675,000 680,000 685,000 690,000
Electricity (kWh)
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Energy Performance
Third Floor Energy Consumption

Double Skin Facade b
Single Skin Bacage \ Y Original

N A

m Building

B Source

New Facade

0] 2,000 4,000 6,000 8,000 10,000 12,000 14,000
Energy (MBTU)
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Energy Performance
HVAC Associated CO, Emissions

Original

New Facade

2,350,000 2,450,000

2,550,000 2,650,000 2,750,000
lbm/year

Facade Design

Puilding STIMULUS



Double Skin Fagade”
Single Skin Bacag

Energy Performance

Yearly Utility Cost for Third Floor
| | | | |

Original
B Electricity
® Chilled Water
M Steam
New Facade

SO $10,000 $20,000 $30,000 $40,000 $50,000 $60,000
Cost

Facade Design

Puilding STIMULUS



Precast Panel Design

Design Goals/Tolerances Existing Precast Panel

Reduce weight of pane
24 in. air gap between inner face of precast panel

i
and outer face of interior wall.
Maintain continuous vertical air gap .‘
No cracking under transportation, construction, |
or service loads ~

Panel Material Research

Steel-
reinforced
pilaster

C-GRID® |

Shear truss

Insulating
Foam

Secondary
reinforcing

Thin brick
finish
(optional)

Architectural
Cladding (V-Rib)

Puilding STIMULUS



Precast Panel Design

Design Goals/Tolerances Precast Panel Iterations

Reduce weight of pane

24 in. air gap between inner face of precast panel
and outer face of interior wall.

Maintain continuous vertical air gap

No cracking under transportation, construction,
or service loads

Puilding STIMULUS




Precast Panel Design

Design Goals/Tolerances Precast Panel Final Design

* °.=5000 psi

* f =353.55 psi with FOS = 1.5 (PCl p363)
* Slab Thickness =6 in

* End Rib Dimensions=6inx 12 in

* Mid Rib Dimensions =8 inx 12 in

Reduce weight of pane

24 in. air gap between inner face of precast panel
and outer face of interior wall.

Maintain continuous vertical air gap

No cracking under transportation, construction,
or service loads

4 Puilaing STIMULUS




Design Goals/Tolerances

Reduce weight of pane

24 in. air gap between inner face of precast panel
and outer face of interior wall.

Maintain continuous vertical air gap

No cracking under transportation, construction,
or service loads

Precast Panel Design

Precast Panel Final Design

4

i
jl

Puilding STIMULUS



Precast Panel Design

Design Goals/Tolerances Precast Panel Final Design — Constructability
e Steel stud perimeter wall

Reduce weight of pane ,
e _ * Interior Wall
24 in. air gap between inner face of precast panel

. : * |nsulation
and outer face of interior wall.

. L. : : : * Vapor Barrier
Maintain continuous vertical air gap P

No cracking under transportation, construction, * Interior Glazing

or service loads * Precast Panel

* Exterior Glazing

Puilding STIMULUS




Precast Panel Design

Design Goals/Tolerances Original Panel Installation Sequence

Reduce weight of pane

24 in. air gap between inner face of precast panel
and outer face of interior wall.

Maintain continuous vertical air gap

- Panel Installation Sequence
November 16, 2009 - March 31, 2010

° I ‘ [ { 7 . Panel Installation Sequence
or service loads - [

No cracking under transportation, construction,

Puilding STIMULUS



Precast Panel Design

Design Goals/Tolerances Original Panel Installation Sequence

Reduce weight of pane

(e o1 4 Gy -
(R |

|

I

24 in. air gap between inner face of precast panel
and outer face of interior wall.

= —

Maintain continuous vertical air gap

- Panel Installation Sequence
November 16, 2009 - March 31, 2010

° I ‘ [ { 7 . Panel Installation Sequence
or service loads - [

No cracking under transportation, construction,

£ \S

g
y

Single Skin Facade
Panel Installation Sequence
November 16, 2009 - December 22, 2009

Double Skin Facade
Panel Installation Sequence

December 23, 20089 - January 27, 2010

Puilding STIMULUS



Thursday 8:00:00 AM 11/12/2009 Day=1 Week=1

LR R Energy Modeling | Reflection . BU”d |Hq STI M U LUS
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Precast Panel Design

Design Goals/Tolerances Panel Design Cost Enclosure System Cost

Reduce weight of pane

24 in. air gap between inner face of precast panel $5629,240 $6,007,802  $(378,562)

and outer face of interior wall. $ 5,034,645  $5492340 S (457,695) $842,792  $741,948 $ 100,844

Maintain continuous vertical air gap ¢ 11250 150000 § 31250 $204,081  $ 168917  $35,164

No cracking under transportation, construction, $123200  $ 366,600  $(243,400)

or service loads $ 5629240 S 6,007,802 S (378,562)

$3,277,210 S 2,719,570 $ 557,640

$ 15,429,539 $ 15,357,852 S 71,687
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Building Stimulus Energy Modeling Design Goals

 Reduce Energy Consumption
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MEP Information Exchange

/

Progress
Model 1

e Preliminary
Facade

e Preliminary
Daylighting

Final Model

e Final Facade

e Chilled Beam e Electrical Loads
Addition

e ASHRAE LPD’s
e ASHRAE MPD’s

e Existing Systems

Progress
Model 2

Base Model

N
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e ASHRAE LPD’s
e ASHRAE MPD’s
e Existing Systems

Base Model

~

Progress
Model 1

e Preliminary
Facade

e Preliminary
Daylighting

4

¢ Final Facade

¢ Chilled Beam
Addition

Progress
Model 2

Final Model

e Electrical Loads

Chilled Beams

Return Air

Supply Air

Energy Modeling
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e ASHRAE LPD’s
e ASHRAE MPD’s
e Existing Systems

Base Model

N~

Progress
Model 1

e Preliminary
Facade

e Preliminary
Daylighting

4

¢ Final Facade

¢ Chilled Beam
Addition

Progress
Model 2

Final Model

e Electrical Loads

Chilled Beams

Energy Modeling
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Chilled Beams

Energy Consumption for Third Floor

Progress
Model 1

Final Model

12,235
Chilled Beams

¢ Final Facade
¢ Chilled Beam

e ASHRAE LPD’s
e ASHRAE MPD’s

e Preliminary
Facade

7,441
e Electrical Loads -

e Existing Systems e Preliminary Addition
Daylighting :
Progress B Source
Base Model del 2 -
j Mode ® Building
-~ Original

7,618

0 2,000 4,000 6,000 8,000 10,000 12,000 14,000
Energy Consumption (MBtu)
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e ASHRAE LPD’s
e ASHRAE MPD’s
e Existing Systems

Base Model

N~

Progress
Model 1

e Preliminary
Facade

e Preliminary
Daylighting

4

Building Overview

¢ Final Facade

¢ Chilled Beam
Addition

Progress
Model 2

IPD/BIM Thesis

Final Model

e Electrical Loads

Design Goals

Chilled Beam

Original

650,000

Chilled Beams

Electricity Consumption for Third Floor

666,682

684,280

660,000 670,000

Electricity (kWh)

680,000 690,000

Energy Modeling

Cantilever Design Facade Design

Reflection
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e ASHRAE LPD’s
e ASHRAE MPD’s
e Existing Systems

Progress
Model 1

e Preliminary
Facade
e Preliminary

¢ Final Facade

¢ Chilled Beam
Addition

Final Model

e Electrical Loads

Chilled Beam

Chilled Beams

Yearly Utility Cost for Third Floor

B Purchased Steam
B Purchased Chilled Water
® Electricity

Daylighting - P
- rogress
Base Model j Model 2
\_

Original

SO $15,000 $30,000 $45,000 $60,000
Utility Cost
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Chilled Beam Luminaire Integration

Private Office Floorplan Color Render Chilled Beam Luminaire
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Chilled Beam Luminaire Integration

Private Office Floorplan Color Render llluminance Pseudo Color

40.00

35.00

30.00

25.00
20.00
15.00
10.00
5.00
0.00

1_' 3ﬂ
[lluminance (Fc)
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Chilled Beam Luminaire Integration

Private Office Floorplan Color Render llluminance Pseudo Color

40.00

35.00

30.00

25.00

20.00

15.00

10.00

5.00

0.00

[lluminance (Fc)
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Determining Existing Plug Loads

Modeling Electrical Information In Revit
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Determining Existing Plug Loads

Existing Panel Schedule Modeling Electrical Information In Revit

MOUNTING:  Surface
LOCATIO Equipment Corridor N-361
SDP-2D1

.. Receptacle N-32

Recepiacle N-324/ ) g 6 324, . | - 1 :
| 5 JReceptacle N-324, E - i i . Q 9 & AN ' s
- = L y : FL , Vioch 1ol (a8 dl Load De
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Contribution to plenurm [if

Fower

spare 11 - ‘
spare 11
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NECTED LO!

Receptacle Energy Consumption

Original

New Plug Loads

Energy Modeling

0

(3" Floor)

2,000,000 4,000,000 6,000,000 8,000,000 10,000,000
KBTU/yr
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Determining Existing Plug Loads

Modeling Electrical Information In Revit Receptacle Energy Consumption

Electrical Loads : | (3rd Floor)

Lighting

Progress
Model 1

Final Model

¢ Final Facade

¢ Chilled Beam
Addition

e ASHRAE LPD’s
e ASHRAE MPD’s

e Preliminary
Facade
e Existing Systems e Preliminary

Original

e Electrical Loads

Daylighting - p
rogress
Base Model j Model 2
T~

New Plug Loads

0 2,000,000 4,000,000 6,000,000 8,000,000 10,000,000
kBTU/yr
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e ASHRAE LPD’s
e ASHRAE MPD’s
e Existing Systems

Progress
Model 1

e Preliminary
Facade
® Preliminary

¢ Final Facade

¢ Chilled Beam
Addition

Final Model

e Electrical Loads

Determining Existing Plug Loads

Electricity Consumption for Building

Base Model

Progress Model 1

Receptacle Energy Consumption
(3" Floor)

Original

Progress
Model 2

Progress Model 2

Daylighting
Base Model
\_ j

New Plug Loads

Final Model

0 2,000,000 4,000,000 6,000,000 8,000,000 10,000,000
kBTU/yr
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0 5,000,000

10,000,000
kWh

15,000,000 20,000,000
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e ASHRAE LPD’s
e ASHRAE MPD’s
e Existing Systems

Base Model

N~

Progress
Model 1

e Preliminary
Facade

® Preliminary
Daylighting

4

Building Overview

¢ Final Facade

¢ Chilled Beam
Addition

Progress
Model 2

IPD/BIM Thesis

Final Model

e Electrical Loads

Design Goals

Determining Existing Plug Loads

Electricity Consumption for Building

Base Model

Progress Model 1

Progress Model 2

Final Model

0 5,000,000

Cantilever Design

10,000,000
kWh

15,000,000

Facade Design

Electricity Consumption for Building

Base Model

Final Model

20,000,000

Energy Modeling

Reflection

kWh

15,720,000 15,740,000 15,760,000 15,780,000 15,800,000 15,820,000
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Determining Existing Plug Loads

Building CO, Emissions

Electricity Consumption for Building

Progrelss Final Model
. Model1 Base Model Base Model
e ASHRAE LPD’s e Preliminary e Final Facade
e ASHRAE MPD’s Facade e Chilled Beam e Electrical Loads
e Existing Systems e Preliminary Addition
Daylighting P
rogress
B
ase Model Model 2
j Final Model Final Model
41,800,000 42,200,000 42,600,000 43,000,000 15,720,000 15,740,000 15,760,000 15,780,000 15,800,000 15,820,000

lbm/year kWh
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Determining Existing Plug Loads

Building CO, Emissions

Total Building Utility Costs

Progrelss Final Model
_ Model1 Base Model Base Model
e ASHRAE LPD’s e Preliminary e Final Facade
e ASHRAE MPD’s Facade e Chilled Beam e Electrical Loads
e Existing Systems e Preliminary Addition
Daylighting P
rogress
Base Model Model 2
j Final Model
Final Model
41,800,000 42,200,000 42,600,000 43,000,000
lbm/year $2,000,000 $2,100,000 $2,200,000 $2,300,000
Energy Modelin el
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Metrics of Success and Reflection

Facade Redesign Cantilever Redesign Energy Usage
*" Peak Envelope Loads Reduction + Alternative Energy Implemented 7/ Primary Energy Use Reduction (MBtu/yr)
— Cooling Load ¢ Steel Tonnage Reduced * Reduced Life Cycle Cost
~ Heating Load : .. e -
¢ Truss Design Efficiency Increased ¢ Meet ASHRAE Lighting Power Densities

* Reduce Panel Weight
¢ Daylight Integration
— Improve Visual Comfort

— Improve Overall Appearance
— Reduce Solar Heat Gain

- Minimize Constructability Issues

Building Overview IPD/BIM Thesis Design Goals Cantilever Design Facade Design Energy Modeling 6[) |‘d H/]q STI M U LU S

¢ Lighting Design

— Emphasize Architectural Features and Entrance
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QUESTIONS & COMMENTS

AE SENIOR THESIS: IPD/BIM (2010-2011)





