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PRESENTATION OUTLINE

Project Background

Building Information Model [ BIM ]

Alternative Building Materials Analyses
Breadth Topic: Gymnasium Acoustics
Breadth Topic: Heat Transfer
Breadth Topic: Proposed Structural Steel

Moment Frame

Work Sequencing

Site Logistics

Conclusions & Recommendations

Question & Answer Session
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BIM

ALTERNATIVE
BUILDING MATERIALS

GYMNASIUM
AcousTICS
HEAT TRANSFER
STRUCTURAL
FRAME

WORK SEQUENCING

SITE LOGISTICS

CONCLUSIONS /
RECOMMENDATIONS

Q&A

PROJECT BACKGROUND

Project Site:
3330 King St.

Alexandria, Virginia
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PROJECT BACKGROUND

Home of the Titans

BIM Original T.C. Williams High School *Over the last 50 Years
existing schools
condition had been
degrading

ALTERNATIVE
BUILDING MATERIALS

GYMNASIUM
AcousTICS
HEAT TRANSFER
STRUCTURAL
FRAME

*Originally designed to
educate grades 9-12

*District population grew
forcing 9t grade to be
relocated to a different
facility

WORK SEQUENCING

SITE LOGISTICS

*Additionally classes
CONCLUSIONS /

RECOMMENDATIONS held in temporary

classroom trailers
Q&A

PENNSTATE
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PROJECT BACKGROUND

New Home of the Titans

*469,507 ft?2 educational facility

BIM *Specialty classrooms (biology,
marketing, chemistry, etc.)

ALTERNATIVE
BUILDING MATERIALS I =] EYSPVETa e

GYMNASIUM :
ACOUSTICS Computer and Science Labs

HEAT TRANSFER Commons Area
STRUCTURAL

FRAME sAuditorium with operable Seeking LEED Certification

partitions to create multiple
WORK SEQUENCING |ecture ha”s

«Create sustainable building
that reduces the

SITE LOGISTICS *Main and Auxiliary Gymnasiums consumption of raw
materials and energy and
has a low impact on the
environment

CONCLUSIONS / «“Babies with Babies” daycare
RECOMMENDATIONS (S living lab

Q&A Music Suites

*Auto Service Technology Shops

PENNSTATE
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Structural System

BIM
sGeopiers - rammed aggregate

ALTERNATIVE soil reinforcement

BUILDING MATERIALS

GYMNASIUM

*Classroom Towers — 3 story

AcousTiCs steel moment frame structure

HEAT TRANSFER
STRUCTURAL
FRAME

sEast Wing & Rooms at South
End of Classroom Towers [Areas
5, 6, & 7] — Single story multi
height spaces of Load Bearing
CMU walls with structural steel
roof beams and joists

WORK SEQUENCING

SITE LOGISTICS

CONCLUSIONS /
RECOMMENDATIONS

Q&A

KYLE CONRAD — CONSTRUCTION MANAGEMENT
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PROJECT BACKGROUND

Mechanical System

*17 rooftop AHUs
eranging from 1,400 to 23,295 cfm

*4 indoor AHUs

*Variable Air Volume System with
305 terminal units with reheating
coils

*A 4 pipe system supplies and
returns hot and chilled water to and
from 12 fan coil units
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DESIGN-BID-BUILD
OWNER:
Alexandria City Public
Schools
BIM
ARCHITECT /
ALTERNATIVE STRUCTURAL & MEP
BUILDING MATERIALS ENGINEERS:
Moseley Architect
GYMNASIUM oseley TenTee® GENERAL CONTRACTOR: DEsIGN-BUILD
Hensel Phelps Construction
ACOUSTICS Company
HEAT TRANSFER OWNER:
Alexandria City Public
STRUCTURAL Schools
FRAME
WORK SEQUENCING 100% CDs
GENERAL CONTRACTOR:
Hensel Phelps Construction
SITE LOGISTICS Company

CONCLUSIONS /
RECOMMENDATIONS

Q&A

ARCHITECT /
STRUCTURAL & MEP
ENGINEERS:
Moseley Architects

KYLE CONRAD — CONSTRUCTION MANAGEMENT
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PROJECT BACKGROUND

Phase A-1

BIM

ALTERNATIVE
BUILDING MATERIALS

GYMNASIUM

ACOUSTICS
HEAT TRANSFER
STRUCTURAL

FRAME

WORK SEQUENCING

SITE LOGISTICS

CONCLUSIONS /
RECOMMENDATIONS

Q&A
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BIM

ALTERNATIVE
BUILDING MATERIALS

GYMNASIUM
AcousTICS
HEAT TRANSFER
STRUCTURAL
FRAME

WORK SEQUENCING

SITE LOGISTICS

CONCLUSIONS /
RECOMMENDATIONS

Q&A

PROJECT BACKGROUND

Phase B-1
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PROJECT
BACKGROUND

ALTERNATIVE

SRRV EMSEUS Goals of Building Information Model:
GYMNASIUM

ACOUSTICS Experiment with the interoperability
ek T aa g between programs to....

STRUCTURAL

*Quickly perform quantity take-offs

FRAME
Manipulate the original design for

WORK SEQUENCING value engineering purposes

SITE LOGISTICS *Design a structural moment frame
cR:oNc:_usmns/ *Visualize and re-sequence the

FCOMMENDATIONS construction schedule through 4D
Q&A planning

KYLE CONRAD — CONSTRUCTION MANAGEMENT
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Programs Used:

*Autodesk Revit Building 9.1
«Autodesk Revit Structure 4
*RAM Structural Systems
*NavisWorks

Timeliner

PENNSTATE
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BUILDING INFORMATION MODEL [BIM]
Autodesk Revit Building 9.1:

PROJECT
BACKGROUND

*Developed structural grid based on
construction drawings provided by
Hensel Phelps

eInitially generated building model
with generic wall types to speed the
modeling process of Areas 5, 6, & 7

ALTERNATIVE
BUILDING MATERIALS

GYMNASIUM

AcousTICS
HEAT TRANSFER
STRUCTURAL

FRAME

«Created massing models of Areas 1-
4 to accurately render the

_ appearance of the school
*Adjusted wall types to

WORK SEQUENCING complete a CMU and

Solarcrete version

SITE LOGISTICS
Generated wall schedules to

cR:oNc:_usmns/ perform QTO of materials to
T
Bl be exported to Excel

Q&A

KYLE CONRAD — CONSTRUCTION MANAGEMENT EnaALl
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BUILDING INFORMATION MODEL [BIM]

T.C. Williams High School
PROJECT QTO - Current Construction
BACKGROUND
Gymnasium
10" Chall 49 827 sf
12" Chall 14,828 =f
14" Chl) 19,440 =f T.C. Williams High School
ALTERNATIVE B" ChL 7 469 sf QTO - Solarcrete System
BUILDING MATERIALS 8" CMU 18,007 sf
Sub -Total: 110,571 sf Gymnasium
GYMNASIUM Auditorium 12" Panel BB 167 =f 2595 |f
ACOUSTICS 10" ChL 19045 =f Sub-Total: 66,167 sf 2.595 K
12" ChL 8281 =f Auditorium
HEAT TRANSFER 14" CMU 13.981 f 12" Panel 42 367 of 1,900 If
STRUCTURAL B" Chl 8,661 sf Sub -Total: 42 367 sf 1,900 K
8" ChL 10,857 =f Mech/Elec Wedge - Auto Strip
FRAME Sub T otal: 60,826 sf 12" Panel 21,383 sf 1,220 If
Mech/Elec Wedge - Auto Strip Sub-Total: 21,383 1,220 K
WORK SEQUENCING 10" CMU 16,587 =f
6" Chl 1626 sf Total: 129,917 sf 5715 if
8" Gl 8,217 sf
Sl L@ Sub Total: 23,429 sf
Misc. 45 sf
CONCLUSIONS /
RECOMMENDATIONS Total: 194,871 sf

Q&A

KYLE CONRAD — CONSTRUCTION MANAGEMENT '-’*-NN%W
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PROJECT
BACKGROUND

ALTERNATIVE
BUILDING MATERIALS

GYMNASIUM
AcousTICS
HEAT TRANSFER
STRUCTURAL
FRAME

WORK SEQUENCING

SITE LOGISTICS

CONCLUSIONS /
RECOMMENDATIONS

Q&A
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BUILDING INFORMATION MODEL [BIM]

Autodesk Revit Structure 4:

NavisWorks:

*Exported Revit file to
NavisWorks

*Used Timeliner Mode to
open Microsoft Project
Summary Schedule compiled
from Suretrak schedule
provided by HP

eAttached schedule task to
building model components

KYLE CONRAD — CONSTRUCTION MANAGEMENT

Directly opened generic model
created by Revit Building 9.1

*Developed generic structural steel
frame for main gymnasium

s|solated and exported steel frame
to RAM for structural analysis and
member sizing

eLoaded RAM model back into
Autodesk Structure 4 to develop
structural framing and column
schedules for QTO (presented
later)

PENNSTATE
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PROJECT i "ET0Y Efficignt Bulldings [

BACKGROUND

*Structural Insulated Concrete
Composite Wall Panel

BIM

«7-1/4" expanded polystyrene [EPS]
foam insulation (R-Value of 36)

#3 Rebar (Grade 60)

*(2) 2-3/8” layers of fiber reinforced
shotcrete (pneumatic application)

GYMNASIUM

ACOUSTICS
HEAT TRANSFER
STRUCTURAL

FRAME

WORK SEQUENCING Polymer alloy wall ties act as a

e e thermal barrier compared to original

steel design
CONCLUSIONS / . . .
RECOMMENDATIONS sImproving energy efficiency of wall
system

Q&A
*Plastic straps slide through tie slots

to band panels together

PENNSTATE
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ALTERNATIVE BUILDING MATERIALS

sFabricated in controlled
environment increasing worker
productivity and reducing site
congestion

PROJECT
BACKGROUND

BIM 2’ X 4’ rebar grid both sides of wall

*Vertical reinforcement runs entire
height of wall

GYMNASIUM
AcousTICS
HEAT TRANSFER

STRUCTURAL : - : ;
FRAME *Vertical Control joints wire tied to

horizontal reinforcing at a maximum

Horizontal reinforcement 4’ 0.c. on
alternating sides of wall

WORK SEQUENCING

SITE LOGISTICS sTransported to site

S NELISENE «Just-in-Time delivery possible
e to reduce the need for on-site
material storage areas and
double-handling of materials

Q&A

KYLE CONRAD — CONSTRUCTION MANAGEMENT
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ALTERNATIVE BUILDING MATERIALS

«Structurally superior to CMU —

PROJECT according sales representative

BACKGROUND
*High wall assemblies often
require structural steel support
frame to aid in the resistance to
lateral loading

BIM

GYMNASIUM
AcousTICS
HEAT TRANSFER

eIncrease ease of erection of
prefabricated panels

STRUCTURAL
FRAME

WORK SEQUENCING

SITE LOGISTICS sLightweight panels tilted-up into

place via boom lifts or cranes
CONCLUSIONS /

e sAnchored into continuous footing

Q&A

KYLE CONRAD — CONSTRUCTION MANAGEMENT PENNSTATE
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™ ALTERNATIVE BUILDING MATERIALS

eStructural concrete without the
labor intensive formwork
process

PROJECT
BACKGROUND

BIM
sEnables curvilinear design at

economical cost

GYMNASIUM *4000 psi fiber reinforced
AcousTiCs N . ¥ concrete sprayed with an air
HEAT TRANSFER pressurized hose and screeded
STRUCTURAL to a thickness of 2-3/8” on both

FRAME sides of panel

'.‘ ‘

WORK SEQUENCING *Acrylic stucco most common

SITE LOGISTICS exterior finish

CONCLUSIONS / Face Brick Application

RECOMMENDATIONS o . .
sElastomeric or acrylic paints are the

Q&A most common interior finish \

KYLE CONRAD — CONSTRUCTION MANAGEMENT
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PROJECT

BACKGROUND

BIM

ALTERNATIVE

BUILDING MATERIALS

HEAT TRANSFER
STRUCTURAL
FRAME

WORK SEQUENCING

SITE LOGISTICS

CONCLUSIONS / H ‘ ‘ ‘

Q&A
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PROJECT
BACKGROUND

BIM

ALTERNATIVE
BUILDING MATERIALS

HEAT TRANSFER
STRUCTURAL
FRAME

WORK SEQUENCING

SITE LOGISTICS

CONCLUSIONS /
RECOMMENDATIONS

Q&A

GYMNASIUM ACOUSTICS

SOUND ABSORPTION COEFFICIENTS

MATERIAL,
125Hz | 250Hz | 500Hz | 1000Hz | 2000HZz | 4000HZz | NRC
Aoandblocky
3 Dypid 012 085 0.36 0.36 042 045 0.50
Swfice: Paimted : : : : : : :
10" Type FECIRT
e 01g 064 102 072 020 053 030
Acousta-Walg
4" Typs I
E e 01s oy 040 035 043 036 050
10 Type IFEF
Gl e 2l 073 057 0.0 068 073 00
Soft Bound™
Tpar Pesstatihrabii 031 0.55 089 107 105 115 090
Aooustic Parel
Lapact Rusietar 2" ahyl 028 0.9 107 111 106 108 1.00
Acoustic Panel
Moise 3TOP FabrisorbhI™
High [mpact Festart 115"
B o R 009 0.50 059 113 108 096 095
Hich lmpadt Femstat 215"
Fhrslas: ot Fb Fasng 045 03l 109 114 102 053 105
Tigh Tmpart Resistant 155
e e 023 064 116 116 114 102 105
Ilisc. Iiatenals
Comerets Block, Paiied 010 oS Gl i, o il 05
Conerets, Rough ool ooz 004 006 0os 010 005
Comrrete, Troweled ool fnl Oz T oIz iz TLon
Leowstizal Wetal Boof Deck GNE] 056 GEE TR X 54 070
Wood parguet on Congrete 04 004 R 006 006 oo 005
Tteel Dooes 005 .10 010 10 o0y G 010
Mietalt Weind Baat- 015 019 022 039 038 030 030
TTnoempied
Stadents, Infonnally Dressed
SR e 030 041 049 024 027 024 065
LeabienCovaed Tnlmlitersd 0.44 0.54 060 062 0.58 0.50 0.59
Zeats, Unoeopied
Tilass, Ondinary Windows 05 s TN 01z oo nna 015

* focoustical Ifonmation obtained from Waleraft Steel Foof and Floor Deck Catalog — 3HA, SNIA Aooustical Declk
[Mtp:ifitecsteal comfiimages/pdffvleraftsteel declk.pdf)

KYLE CONRAD — CONSTRUCTION MANAGEMENT
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GYMNASIUM ACOUSTICS

Reverberation Time Calculator

T,, = .05(V/a) = .05(V/7 Sa)

PROJECT Reverberation Ti Calculation f T.C. Willi High School Main Gy i
everberation Time Calculation for : .C. Williams High School Main Gymnasium
BACKGROUND Open Gym -3/4 Occupancy
CMU Walls King Street - Alexandria, VA
Absorption Coefficient Sa
BIM Surface |Materia| Area  (ftY)] 500Hz | 1000Hz | 500 Hz | 1000 Hz I I . )
Floar [ “thletic Wwbod Flaorng 11,8979.00 0.07 0.05 538.53 718.74 Ca C u at I O n S Ru n FO r .
Floor 344 Students, On Bleachers 943500 0.49 0.64| 462462 792742
Floar 144 Winod Bleachers 3,146.00 0.22 039 69212 122694
ALTERNATIVE Ceiing 5 Dieep Aoousical Roof Deck 2456300 0.69 0.95] 21861.07| 2333485 .Open Gym
BUILDING MATERIALS Morth wiall Ground Face CMU - Painted 136533 0.06 007| 81.9198] 955731
North tiall 344 Students, On Blsachers 1,959.50 0.49 054 9655055 165438
Horth Wil 144 iood Bleachers 656.50 0.22 0.39 14443 256.035 ) B I eac h erS
North tiall hetsl Doors 4200 0.10 010 42 42
Sauth il Ground Face ChiU - Painted 1,323.33 0.06 0.07| 793995 926331 d
South Wl 304 Students, On Bleachers 1,959.50 0.49 0.54| 955055 165438 Ret raCte
HEAT TRANSFER South il 1#4iood Bleachers 656.50 0.22 0.39 144.43| 256.035
Sauth il Metsl Doors 54.00 0.10 010 5.4 5.4 3
[}
STRUCTURAL 2t 'l Ground Face ChiU - Painted 431575 0.06 0.07| 255 9468| 3021046 /4 OC Ccu p an Cy
et il coustical CMU 187266 1.02 0721910413 1348315
st 'l hetal Doors 16800 010 040 16.8 168
FRAME 2t il |AT-4iall Padding 258.00 0.60 062 1728 17856 O FU I I OC Ccu p an Cy
et 'l hlindows 12222 018 012| 219996 14 6664
a2 tiall Ground Face CMU - Painted 410578 0.06 0.07| 246 3468| 287 4046
WORK SEQUENCING Ea st Wl coustical Chal 187266 1.02 072 1910113| 1348315
JEzt wvall Metal Doors 378.00 0.10 010 i) 378
Ea st tifall |AT-4ifall Padding 25800 0.60 062 1728| 17856
2t tiall lindous 12222 0.18 012| 219998 14 B664
SITE LOGISTICS b i -
0 o Reverberation Time
i 0
B 0 0
CONCLUSIONS / Room Length (1) 203.00{t a=)5a 35175.95| 4095728 .5 secon d S
Room Wicth () : 121.00|%
RECOMMENDATIONS Room Height 1) e T,, = .05(V/TSq) G 1.00
. 3
Volume[ftg). 818,685 [t .2 SeCondS
| Target Reverberation Time: Gymnasium for Teaching* | 15t0138 | 15t018 |
* Target Reverberation Tim e obtained from the M®Sguared System Design Group, Inc.
PENNSTATE

KYLE CONRAD — CONSTRUCTION MANAGEMENT
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GYMNASIUM ACOUSTICS

Reverberation Time Calculator

T., = .05{V/a) = .05(V/F Sq)

PROJECT - —_— i _ — i i i
BACKGROUND Reverberation Time Calculation for : T.C. Williams High School Main Gymnasium
Open Gym -3/4 Occupancy
Solarcrete System - wio Acoustic Wall Panels King Street - Alexandria, VA
Absorption Coefficient Sa
BIM Surface Material Area  (ft})| 500 Hz 1000Hz | 500 Hz | 1000 Hz
Floor sthletic Nbod Flooring 11,979.00 0.07 06| s3ss3| 7174
Floor 344 Students, On Bleachers 9435.00 0.43 0.54 4624 62| 7927 82
Floar 1#44iood Bleachers 314600 0.22 039 EB9212| 122694
ALTERNATIVE Ceiling 3" Deep Acoustical Roof Deck 24 56300 0.89 095 2186107 2333485
BUILDING MATERIALS harth all Concrete, Troweled 136533 0.02 002| 27.3066| 273066
Narth iall 344 Students, On Bleachers 196950 0.49 054 965055 165438
Narth Wall 144 Wiaod Bleachars £56.50 n.22 039 14443 256035
Marth Wial Metal Doors 4200 0.10 010 42 42
South il Concrete, Trowelad 132333 0.02 002| 264666| 26 4666
South il 34 $tudents, On Bleachers 196950 0.49 054 955055 165438
HEAT TRANSFER South Ul 144 WMiond Bleachers £56.50 0.22 039| 14443| 256035
South il htetal Doars 54.00 0.10 010 5.4 5.4
STRUCTURAL st il Concrete, Troweled 518844 0.02 0.02| 123 76858] 123 7688
st Wil hetal Doors 165.00 0.10 010 163 16.3
FRAME st Wil AT-4 il Padding 285.00 0.60 062 1728 17858
st Wl indows 12222 018 012| 21.9996| 14 BE64
East Wial Concrete, Trowslad 597544 0.02 0.02| 119.5688| 119 5688
East Wiall htetal Doors 375.00 0.10 010 378 378
WORK SEQUENCING East sl AT-4ivall Padding 285.00 0.60 062 1728 17856
East Wiall iindows 12222 018 012| 21.9996| 146664
0 0
SITE LOGISTICS 0 0
0 i
0 0
CONCLUSIONS / Froom Length (1) 203 001 FERETT 098022 3Tre004
RECOMMENDATIONS Room Width (#): 121,00t
Foom Height (£t 3333 | Ty = 05(V/;Sa) 132 1.08
Volume (ft') : 818,685 |1
Q&A
| Target Reverberation Time: Gymnasium for Teaching® |1.5t0 15 | 15tn 1.8|

* Target Reverberation Time obtained from the M® Squared System Design Group, Inc.

PENNSTATE

KYLE CONRAD — CONSTRUCTION MANAGEMENT S
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PROJECT
BACKGROUND

BIM

ALTERNATIVE
BUILDING MATERIALS

HEAT TRANSFER
STRUCTURAL
FRAME

WORK SEQUENCING

SITE LOGISTICS

CONCLUSIONS /
RECOMMENDATIONS

Q&A

Noise S.T.O.P. Fabrisorb™

*High Impact
*Fabric Wrapped

Acoustic Panel Quote

Acoustical Surfaces, Inc.

ltem Quantity | Units | Unit Price® Cost
Fabrisorb 1-1/8" High Impact Fabric Wrapped Paneld 4320 |&f /.55 ¥32 785 .80
Irmpaling Clips (10 per panel) 1200 |each 0.50 $600.00
PSA29 Acoustical Panel Adhesive Tubes 144 each 925 51 33200
Facking’ Plywood Crating 2 gach 125.00 $250 .00
Total: %34 ,970 80

Mote:

* Based on Cluote Compiled by Ted Weidman on 5/11/2007 on 3 500sf of 4' x 9" panels

KYLE CONRAD — CONSTRUCTION MANAGEMENT
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GYMNASIUM ACOUSTICS

Reverberation Time Calculator

Ty = .05(V/a) = .05(V/TSq)

PROJECT
BACKGROUND [Reverberation Time Calculation for ; T.C. Williams High School Main Gymnasium
Open Gym - 3/4 Occupancy
Solarcrete System - w/ Fabrisorb™ Acoustic Wall Panels King Street - Alexandria, VA
BlM ) , Absorption Coefficient Sa
Surface |Matena| Area  (ft) 500 Hz | 1000Hz | 500 Hz | 1000 Hz
Floor #¢hletic bed Flocring 11,873.00 0.07 0.06|  g3sss| 7174
Floor 354 Students, On Bleachers 9.435.00 0.49 054 462462 7927492
ALTERNATIVE Floor 174 Wioad Bleachers 3,146.00 0.22 039] EE212| 122684
BUILDING MATERIALS Ceiling 3" Deep Acoustical Roof Deck 24 563.00 0.59 0.85( 2156107 23533485
Marth iall Conorete, Trowele d 1,365.33 0.02 0.02| 27 3066| 27 3066
Marth izl 274 Studerts, On Bleachers 1,969.50 0.49 0.54) OR5055| 165438
Harth sl 1#4iiiood Bleachers 656.50 0.22 039) 14443 256035
Marth izl el Daars 42.00 0.10 040 4.2 42
South sl Concrete, Trowele d 132333 0.02 0.02] 26 4566|  26 4666
5outh sl 374 Studertts, On Bleachers 1,969.50 0.49 054) oR5055| 165438
HEAT TRANSFER South sl 1441iiood Bleachers 56.50 0.22 039] 14443 256035
South Nl Metal Doors 84.00 0.10 040 8.4 8.4
STRUCTURAL st iall Concrete, Trowele d 6,188.44 0.02 0.02| 123 7688 123 7665
et Wall Metzl Dosrs 168.00 0.10 040 16.8 16.8
FRAME et il T4 il Padding 26800 0.60 0.62 1728 17836
et il htindons 12222 0.18 012 219996| 14 6664
| o Conorete, Troweled 5,978.44 0.02 0.02| 119 5688 119 5685
Ea =t vl hietal Doars 378.00 010 010 78 73
WORK SEQUENCING Ea =t Wil AT-4 Wall Padding 288.00 0.60 0.62 172.8| 17856
| S indons 12222 018 012 21 .9996| 14 6664
i} 0
SITE LOGISTICS et Wil 1-1/8" Fabric impact Resistant feoustic Paneks 2160.00 088 113] 21354 24408
Ea =t hitall 1-1/5" Fabric_Impact Resistant Acoustic Panek 2160.00 0.99 113 2135 .4 2440.8
i} i
CONCLUSIONS / = -- = -
Foom Length (i) : 203 00| a= ol 35266.02] 42661 64
RECOMMENDATIONS Foom Width (f) : 121 00|t
Foom Height (1) ; 33 33| T, = 05(V/} Sa) 116 0.96
Volume (ft’) : 818,685t CMU Reverberation Tine 1.6 1.00
Q&A
| Target Reverberation Time: Gymnasium for Teaching* | 1.5t018 | 1510138 |

* Target Reverheration Time obtained from the M Sguared System Design Group, Inc.

PENNSTATE
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PROJECT

WIZNES
RO0F RAFTERS —,
*,

BACKGROUND

=

~ |

Ed

BIM

ALTERNATIVE

BUILDING MATERIALS

HEAT TRANSFER
STRUCTURAL
FRAME

SOLARCRETE REDESIGN

VW FABRISORE aCOUSTIC

WALL PANELS
MAIN GYMNASIUM
EAST ELEVATION

o |2
ROOF RAFTERS \

WORK SEQUENCING

i

SITE LOGISTICS

RECOMMENDATIONS

Q&A

T.C.o WILLI&AMSE
HIGH SCcHOOL
REFLACEMENT
FPROJECT

D
ALFasHEs CITT
FURLIC SCHELS

LOCATIM
a0 KD STREET
AP calala, va gl

T
CONCLUSIONS / e/ L1 1. S
WL PADS WAL PADS HLL EAllE SOLARCRETE REDESIGN . e
W/ FABRISORE acOUSTIC EBE=

WALL PANELS S

I_'.l I.*\:\\ : Y r.,a [- ) : :HF "“" oy

WEST EsaTION ELEATIO

PENNSTATE

KYLE CONRAD — CONSTRUCTION MANAGEMENT



e

QIR (¥,

)

HEAT TRANSFER

HE AT TRANSFER DIA GRAM
Wyall Conctruction: Face Brick with ChL Backup Tw= 7000 °F
Season:  WWinter Touwr= 1500°F
Calculations:
PROJECT Tn-Ti= Q" (R W F000°F -T, = 525( 068 ) T,=6643 °F
BACKGROUND i : :
Ti-T2= Q" By gy B543°F -T, = 825( 1.72) T:=5740 °F
To-T5= Q" ® o e goime) E7T40°F T, = B25( 010 ) T,= 6688 °F
T3-Ta=Q" By gy s688°F Ty = 8535( 1.11) T,=5108 °F
BIM Ta-Ts= Q" By ppsip po aron) 5108°F -T, = 525( 500 ) Ty= 2480 °F THERMAL GRADIENT
Ts-T6= Q" Bow ameracs 2480°F -Ty = B25( 126 ) Te=1818 °F SOLARCRETE wWALL SYSTEM
Te-T:=Q" By pappomme 18.18 :F -T, = BI25( 043) T, = 1593 :F
ALTERNATIVE T7-Tour= @' Fegr ag rn 15893°F -Tor = 625( 017 ) Tour = 1503 °F - T e
¥ R =1047 =
BUILDING MATERIALS L ‘;EE shaterere  H S =t S
G SSE B _/_ INSULATION PANEL
YMNASIUM THERMAL GRADIENT xR S -
FACE BRICK W/ CMU BACKUP = 4
ACOUSTICS 703 1 Te——
65— A
_ = : INTERIOR
60—
100 | — 2" cHU 55—
95 # Face | E|
30 Brick f1/§;|nctnunr SG—:
STRUCTURAL e : 452 S WINTER
855 pirspace |~ e 40 I Tw = 70,00 °F
i} | m = ]
EXTERIOR e | i ’ T = 68,91 °F
FRAME ;g e 1 20 s e = eI
25 | . e
£ Ta INTERIOR a4 T = 1523 °F
- 5 203 Wl f Toor= 14.96 °F
ey e f
WORK SEQUENCING > ’ 0 1
45 WINTER —=ofel
A0 Tw = 70.00 °F
35 T = 66.43°F
SITE LOGISTICS 30 n = He AT TRANSFER DIAGRAM
23 I L= 21108%:: Wall Construction:  Saolarcrete Wall System Ti= aaEaE
15 Tr T4 : 1518 °F Season: Winter Tour= 1500°F
CONCLUSIONS / 10 ) T:::: ggg i Caloulations:
RECOMMENDATIONS o 1= Q" Bor pnnd 70007 -T, = 180 ( 063) T,= 8391 °F
Ti-Ta= Q" Riromic) 6891°F -T, = 1B0{ 030) T;=6843 °F
T2-T3=@" Rl B343°F -T, = 1B0( 3295) T,=1571 °F
Q & A T2-Ta= @" Regroromers) 1871°F -T, = 160{ 030) T2 oF
Ta- Tour = @ Ry amrmad 1523°F -Tgp = 1B0( D17 ) Tour= 1496 °F
¥ R = 3440

KYLE CONRAD — CONSTRUCTION MANAGEMENT
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HEAT TRANSFER

HEAT TRANSFER D1AGRAM
Wall Construction:  Face Brick with ChLU Backu Tw= 7600 &F
p
Season:  Summer Tour= 95.00°F
Calculations:
PROJECT Torr-T1= @ By amemnd 9500°F -T, = 180( 025) T,=0455 °F
BACKGROUND Ty Tom @ Bypanemmin 9455°F -T;, = 180( 043 ) T,= 9378 °F
T,-T3= Q" Bop o space) 9378°F -T, = 180( 126) T,=9151 °F
T:-Ta= Q" By psrp miso arton’ 9151 F -T, = 180( 500 Ty=8251 °F
BIM Ty Ts= @ By 8281°F -Ty = 180( 111) Ty= 8051 °F THERMAL GRADIENT
Ts-Te= Q" B o otar deind) B051°F -Ty = 1.80( 010 Ty = 68033 °F SOLARCRETE WALL SYSTEM
Te-T:= Q" By oy 8033°F -T, = 180( 172) T,=7723 °F
ALTERNATIVE T7-Tw=Q" Roy. azrnw 7723°F -Ty = 1.80( DE8 ) Tw=7601 °F S
3 R=10.55 e Ty, |
BUILDING MATERIALS gl
GYMNASIUM 1A\
THERMAL GRADIENT EXTERIOR | 36T Tw  INTERIOR
ACOUSTICS FACE BRICK W/ CMU BACKUP i s
| L L~"Shotcrets
Shuat_taw/gt’?‘\\ | Fo14
e T ONSILATION PANEL
STRUCTURAL 30 [NTERIOR i SUMMER
85 1T i Jour= gig%:
FRAME EXTERIOR Sg Al Tn RTINS
2 = 76.98°F
70 . S en
{— &% CMU 4
£ * Fare Tw = 76,04°F
&0 AErﬁck |—1/2' Collar =
WORK SEQUENCING i Jant -
= Alrspoce /—10’ MU ,;+,,
455 ‘a‘.?,l/.c?ﬂ' SUMMER
40 et Tar= 95.00 F
SITE LOGISTICS 25 L = 9455 HE AT TRANSFER DIA GRAM
o - = 3?5718:— Wall Constructinn:  Solarcrete Wall System Tw= 7600°F
g? it 355511 F Season:  Summer Tour= 95.00°F
s
CONCLUSIONS / 15 . = 8033 °F Calculations: . -
RECOMMENDATIONS o oS Tour-T1= @' Ry age rmsd 900°F -T, = DEE( 025) T,= 9486 °F
- Ti-T2= Q" ®guormes) 9486°F -T, = 055( 0.30) T,=0470 °F
Ty -T3= Q" RBppg) 9470°F -T, = 055( 3295) T,= 7658 °F
&A T3-Ts= Q" Rayoromms) 7658°F -T, = 085( 030) T4= 7641 °F
Q To-Tw=3" Ry wrrond 7641°F -T,, = 055( 0B3) Tw=7604 °F
§ R =3448
PENNSTATE
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PROJECT
BACKGROUND

BIM
ALTERNATIVE
BUILDING MATERIALS

GYMNASIUM
ACOUSTICS

STRUCTURAL
FRAME

WORK SEQUENCING

SITE LOGISTICS

CONCLUSIONS /
RECOMMENDATIONS

Q&A

e

ZHEEE

ENERGY CALCULATIONS

[308Table 1. Annual Costs

Existing School New School
Component (%) (%)
Air System Fans 5,832 3522
Cooling 245 239
Heating 0 0
Pumps 0] 0
Cooling Tower Fans o —
HVAC Sub-Total ( 7,078 3,762 >

Lights m .
Electric Equipment 1,655 1655
Misc. Electric 0 0
Misc. Fuel Use 0 0
Non-HVAC Sub-Total 5,230 5,230
Grand Total 12,308 8,992

Table 3. Component Cost as a Percentage of Total Cost

Carrier’s Hourly Analysis Program [HAP]

Analysis of Gymnasium Designs

$7,078
3,762
$3,316 per AHU
3 Units
=> $9,948 energy savings / year

KYLE CONRAD — CONSTRUCTION MANAGEMENT

Existing School New S
Component (%) (%) Non-HVAC Sub-Total 0213 0213
Alr System Fans 555 3972 Grand Total 0501 0366
Caoiing 20 &t Gross Floor Area (1) 24563.0 24563.0
Heating 00 00 Conditioned Floor Area (1) 24563.0 24563 0
Pumps 00 00 Mote: Values in this table are calculated using the Gross Floor Area.
Cooling Tower Fans 0.0 0.0 ) .
HVAC Sub-Total 575 s8] Determine the additional cost of energy

Lights 290 5 required to operate the supply fans and
Electric Equipment 134 184 0
LB o G coollng system to compensate fqr
Misc. Fuel Use 00 ool energy loss through the gymnasium

Non-HVAC Sub-Total 425 58.2 walls

Grand Total 100.0 100.0
Estimated off $0.06 / kWhr utility cost

PENNSTATE

@
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STRUCTURAL MOMENT FRAME
Autodesk Revit Structure 4

*Register with RAM International
to obtain link for exporting Revit
Structure 4 files to RAM

PROJECT
BACKGROUND

—‘-’.——-'—"1——:—-‘-_'"

.h*-:‘
&?‘*_

e [

AT f]%""‘ﬂr ("’1‘:”}("“,4‘ FE—
=y 1 9 7 =
" i )1"(} 11’ AL ’_ . ‘("" }0 s
'---..____ f} ( ‘ _'( v
7 b Rt

\'

SEE
T ;0 AL

%

BIM i
a«a{«,

eInstall Link

ALTERNATIVE .
BUILDING MATERIALS *Reopen Revit Structure 4 to

GYMNASIUM export model to RAM
AcousTICS
CISRVINEIS M o Anply Loads per RAM Structural Systems

contract drawings
*Basic Wind Speed

W

ORK SEQUENCING -90 mph
SITE LOGISTICS Exposure B
CONCLUSIONS / sImportance Factor of

RECOMMENDATIONS

1.15 applied to
Q&A Ioac!ing per s_truc_tural
engineer’s direction

PENNSTATE
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STRUCTURAL MOMENT FRAME

Structural Framing Schedule
ERoEeT Count F amily Type Length
2 YW-yiide Flange W1 4 40 e
BACKGROUND Wowide Flange W2 AR ER 350
2 W-WWide Flange W2 B2 J6'-0"
BIM 1 |WoWide Flange W2 4XED 3 - 5 15/16"
1 YW-yiide Flange W24 B0 Ja'-b 11E"
ALTERNATIVE 2 WiWide Flange W1 ZXED 29'- 11"
BUILDING MATERIALS 4 [W-Wide Flange WA 2T F47 45
GYMNASIUM G WYW-yiide Flange WEx18 24'-0"
1 WYW-yiide Flange W24 B0 Ja'-b 11"
AcousTics 14 |DLH-Series Bar Joist BBDLH19 121-10°
HEAT TRANSFER J0  |W-WYide Flange W K2R 23-11"
Structural Column Schedule
Count Family Type Length
WORK SEQUENCING 18 |W-Wide Flange-Column W41 45 J2'-8"
4 W-Wide Flange-Column W10 %49 J2'-8"

SITE LOGISTICS

CONCLUSIONS /
RECOMMENDATIONS

Q&A

PENNSTATE

KYLE CONRAD — CONSTRUCTION MANAGEMENT S
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PROJECT
BACKGROUND

BIM

ALTERNATIVE
BUILDING MATERIALS

GYMNASIUM
AcousTICS
HEAT TRANSFER
STRUCTURAL
FRAME

SITE LOGISTICS

CONCLUSIONS /
RECOMMENDATIONS

Q&A

CHINGUAPIN
RECREATION

WORK SEQUENCING

SN

—
¥

",
'\\\

=3

Teurorany MopuLan
- q CLASSROOM DUILBING

278 X e

e

TEMPORARY MoBULAR
CLassmoow BUILDING

27 R B

ST WILLIAME

HIGH SCHOOL

M REFLACEMENT

FEOJECT

OwHEs
el Franpaia CITr
FUFLIC SCHOLS

o
LoCaTm

T K STAEET
ALEssMIRIR, VA B2 I0E

MNEw
T.C. WILLIAMS
HIGH SCHOOL T,
#* BuilLDING ITonuss

3 SToay
HEIGHT 458

EXisTiNG
BonooL
BUILEING

3 STORY
HEGHT 45"
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PROJECT
BACKGROUND

BIM

ALTERNATIVE
BUILDING MATERIALS

GYMNASIUM
AcousTICS
HEAT TRANSFER
STRUCTURAL
FRAME

SITE LOGISTICS

CONCLUSIONS /
RECOMMENDATIONS

Q&A

WORK SEQUENCING

EHINGUAFIN
RECREATION

)

—
+

e
“\

3

TEMPORARY
- CLASSRGOM

MoDULAR
BLE NG

TEMPORARY MOGULAR
CLassmoos BUiLDING

278 w Bl

C|TC WILLIAMS

HIGH SCHOOL
REPLACEMENT

FROJECT
OwHER

elbrsts 0T

FUFLIE SCHOL S
LOCATm

XN KNI STAEET

Al Fasnlstie, va £33

T.C. WILLIAMS
CHOOLU

T BUILHNG
|

| 3sroar
| HEGHT 4548
|

EXISTING
SoHooL
BUILEING

3 gmoRr
HEGHT 45"
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WORK SEQUENCING

T.C. Williams High School
CMLU Estimate
QT0 - Current Construction Schedule Impact Labor Cost Impact
weallsrea  Units  Jlaily Cutput™  Unts Durstion Units Rate Units L[abor Hours Unis [ Matenal  Unis Cost Labor  Units Cost Tota! Cost
PROJECT Gymnasium Gymnasium |Gymnasium Gymnasium
107 CMU 43 B27 =f 28D =f/ da) 7.0 0.142 hours | sf 7.125 mirs A5 5! 31640 831 %0 sF AED,233
BACKGROUND 12°CMU 14,828 =f 265 sf | day 0.181 hours | f 2654 mhrs 102,055 6.05 §/sf 102,784
14" CMU 19,440 =f 255 =f/ day 0.188 hours / sf 3655 mhrs 144,328 695 %/ sf 278,938
" CMU 7460 =f 325 =/ da 0.122 hours | sf B18 mhrs 36,887 422§/ sf . 6E.418
8" CMU 19,007 =f 3:.:. =f [ day 4 0.133 hours / sf 2628 mihrs 108,280 457§/ sf 84862 186,152
BIM Sub-Total 110,571 of - 06,5 days 16,510 mhrs 710,471 107780 S1318.251
[Ruditonum Auditorium [Auditorium
10" CMU 19046 sf 280 =f/ 68.0 days 0.142 hours | sf 2.724 minrs 120,942 B33/ 101,134 222,078
12° CMU 8.281 sf 265 =f/ 31.2 days 1 hiurs | sf 1.488 mhrs 57,5533 605 %/ sf
ALTERNATIVE 14" CMU 13861 sf 255 =/ 54.8 days . haurs | sf 2,626 mihrs 104,158 695§/ sf
8" CMU 8.661 =f 325 =7/ da) 26.8 days 0.123 hours / sf 1.065 mirs 42,783 422 %/ sf §
BUILDING MATERIALS 2CMU 0BT s 300 =/ dy 6.2 days 0132 hours | sf 1.444 mhrs 55! 2,428 457 3/sf 2 112,044
Sub-Total: 60,826 sf 216.9 days 9_360 mhrs §387 867 $334 568 §722 435
GYMNASIUM [MechElec Wedge - Auto Stnip |echiEle: Wedge - Auto Sirip mechJElec Wedge - Buto Stnp [MechiElec Wedge - Auto Snp
107 CMU 18,587 =f 28D =f [ day 8.2 days 0.142 hours  sf 2372 mhrs Ei A5 5 sf 105,327 B31%/sf 88,077 183,404
8" CMU 1,625 =f 325 =f day 5.0 days 0.122 hours { sf 200 mihrs B.028 422 %/ f 0.858 14,885
AcCoOuUsTICS ECMU__ 5217 300 sf | day 17.4 days 0,123 hours | sf 504 e 20008 4573/ch 23842 53,230
Sub-Total: 23,429 sf 5 3,266 mhrs $143,353 118,776 [ FIFRFE |
HEAT TRANSFER
Total: 194,826 sf 595.0 days 29,536 mhrs 51,241,630 §1,061,124 52,302,815
City Cost Index®*
STRUCTURAL Mote: |Alexandnia, Vingnia 0.823 0713
F' * Based on Labor Output Displayed in Labor Column 51,146,080 $756,582 51,502,662
RAME " Chy Cost Index for Masonny
SITE LOGISTICS
CONCLUSIONS /
RECOMMENDATIONS
Q&A
PENNSTATE
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WORK SEQUENCING

T.C. Williams High School
Solarcrete Estimate
QTO - Solarcrete System Schedule Impact - EPS Schedule Impact - Shotcrete Labor - EPS Labor - Shotcrete
PROJECT wall Area Units Wa' Length Units|Dally Output™ Units Duration Units | Daty Cutput™  Units Duration Units | Hate Units  Labor Hours  Unts | Hate Units  Labor Hours  Units
Gymnasium (Gymnasium Gymnasium
BACKGROUND 12" Panel 66,187 sf 2,505 If 200 IF / day 13.0 days 2000 5f(day B2 days 043 hours | If 1,246 mhrs 0.048 hours | sf 3,178 mhrs
Sub-Total: bb 167 sf 2,293 If 13.0 days bb.d days 1446 mhrs 3,176 mhrs
|Auditorium [Auditorium Auditorium
12" Panel 472 387 sf 1,200 If 200 IF/ day 9.5 days 2000 sf [ day 42 4 days 023 hours ( If B12 mhrs 0.048 hours [/ sf 2034 mhrs
BlM Sub-Total: 42 367 sf 1,900 i 9.5 days 42 4 days %912 mhrs 2,034 mhrs
[MechiElec Wedge - Aute Strip [MechiElec Wedge - Auto Strip Mech/Elec Wedge - Auto Strip
12" Panel 21,333 =f 1,220 If 200 If [ day 6.1 days 2000 sf [/ day 21.4 days 0.23 hours / If SE6 mirs 0.048 howrs /sf 1,028 mhrs.
Tub-Total: T1.000 51 1,220 If 6.1 days 21.4 days abb mhrs 1,025 mhrs
ALTERNATIVE Total: 129,917 sf 5715 If 286 — 1298 days 2,743 mhrs £.236 mhrs
[Total Schedule Impact: 158.5 days \ Total Labor: 8,979 mhrs
GYMNASIUM Note
* Based on Labor Cutput Displayed in Laber Column
ACOUSTICS ** City Cost Index for Concrete
HEAT TRANSFER T.C. Williams High School
Solarcrete Estimate
STRUCTURAL QTO - Solarcrete System Cost Impact
Wiall area Dotz Wall Lemgth Urits | Materal  Unis Cost Labor  Units Ciost Erjuip Llnits Cost Total Cogi
FRAME Gyt iim Gy e iniim
12" Panel BB, 16T sf 2595 Iif 08 §isf Ed48 437 5235/ sf 246053 1.06 5/ ef 70,137 1,064 527
Sub -Total: 66,167 sf 2,593 If §648.437 £16.053 370,137 31,064 627
Audil orium Aud torinm
12" Pangl 42,367 sf 1200 i 2.8 §¢sf 415,197 6235/ 6f 22 58 1065/ &f 44,309 [} Wstad]
Siib -Total: 42,367 sf 1.900 If 415,197 221,579 $44,900 S681.685
Mach/Elec Wedge - Aute Sirip Mech/Elec Wedga - Auto Sirip
12" Panel 21,393 =f 1220 K SH §isf 209553 5235/ sf 111,833 106 54 =f 22 6E6 344 p52
Siib -Total: 21,383 8l 1220 11 EHETE] LIREEEE] PR $344 052
SITE LOGISTICS
Taotal: 179,917 sl 5,715 If §1.273 187 67 8.A6G $137,712 52,090 365
City Cost lndec™
Chicaga, Minois: $15.89 Alexandria, Vinginia 1.04B 0.7av
CiyIndex (Concraile 1.064 $1,385,227 $4534,740 137,712 52,057 K79
CONCLUSIONS / 4 P
RECOMMENDATIONS
PENNSTATE
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PROJECT
BACKGROUND

BIM

ALTERNATIVE

BUILDING MATERIALS

GYMNASIUM
AcousTICS

HEAT TRANSFER

STRUCTURAL
FRAME

CONCLUSIONS /

RECOMMENDATIONS

Q&A

B . . T : “1 |-’ [ = t I I ‘llj IEEN fll' -' -”-..":ﬁ
§ o i ¢ ST E:I' AN e TR L ii‘;,.,,.; -
i s | g ok | T

WORK SEQUENCING / SITE LOGISTICS
Using NavisWorks Timeliner

*395 day structural system construction duration

*695 day structural system construction duration

«252 day project schedule extension

+158.5 day structural system construction duration

»17 day project schedule reduction

KYLE CONRAD — CONSTRUCTION MANAGEMENT
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SITE LOGISTICS

B
e uTeL T oun

ok 2 aull | S L _—— = o (0| TE WILLIAMS

——————= o\Work Flow

PROJECT
BACKGROUND . S
- progresses toward
BIM T o material staging and
Storage area
ALTERNATIVE .
BUILDING MATERIALS eExtends duration
GYMNASIUM — that the bulk of
ACOUSTICS construction
HEAT TRANSFER materials

STRUCTURAL transported to

designated areas
without interference
from work in place

FRAME

T.C. WILLIAMS
CHOOLU
4 T BUILHNG

|

| 3sroar
| HEGHT 4548
|

WORK SEQUENCING

EHINGUAFIN
RECREATION
CEnTER

- *Reduces need to
use public access

[ e—

o . =45 / roadway to transport
71 = materials

=

CONCLUSIONS /
RECOMMENDATIONS

Q&A

e JESEULENCEL
——— . = H SUFERETRLUCTURE
- l» e II._—,:J;;:;L. - lE - TTE L

- a—— == = 'Z-{_. LT = —1
PENNSTATE
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PROJECT
BACKGROUND

BIM

ALTERNATIVE
BUILDING MATERIALS

GYMNASIUM
AcousTICS
HEAT TRANSFER
STRUCTURAL
FRAME

WORK SEQUENCING

SITE LOGISTICS

e

i | g | |
=

e

CONCLUSIONS / RECOMMENDATIONS

T.C. Williams High School

System Comparisons

Description

Solarcrete
Construction

CcMU
Construction

System Costs

Solarcrete Panels 0 §2 057 679.00 000
Chl 15 0 000 $1.,902 FRZ2 00
Additional Structural Steel H $132 547 00 fo.00
Fabrisorh Acoustic Wall Panels H I g h er $34.970 50 $0.00
Sub-Total:| ¢ $2,225,196.80 $1,902 662 .00
Cost Difference: S—————T122 534 80

Energy Savings

Cost Savings on Supply Fan Load per Yes
Heat Transfer Through Wall® - Winter
Heat Transfer Through Wall® - Summer

2> 59

055 BTU/fhr ft2)

930

§0.00
5.25 BTUihr ft5)
180 BT UWihr ft)

Schedule

Schedule Impact™ aﬁﬂé.dagss B695.0 days
Re-Zequenced Schedule Savings™ 17 days -252 days

Manhours g

AreasS, B &7 Labor Hours ( 8979 mhrs ) 29 536 mhrs

Mote:
* Analysis of Gymnasium Walls

* Baszed on Material Estimates
=* Current Structural Systerm Schedule Duration = 395 days

20,557 reduced mhrs

sFurther Analysis to reduce HVAC System

KYLE CONRAD — CONSTRUCTION MANAGEMENT
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PROJECT
BACKGROUND

BIM

ALTERNATIVE
BUILDING MATERIALS

GYMNASIUM
AcousTICS
HEAT TRANSFER
STRUCTURAL
FRAME

WORK SEQUENCING

SITE LOGISTICS

CONCLUSIONS /
RECOMMENDATIONS
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QUESTION & ANSWER SESSION

Special Thanks to:

Justin Bem — Mechanical Support
Heather Sustersic — Structural Support
Don Oberlin — Tri-State Solarcrete
Ted Weidman — Acoustical Surfaces, Inc.

Alicia Flynn & Troy Rector — Hensel Phelps
Construction Company

CM Faculty

y 3
LR H I NG TO N

REMEMBER THE

S
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