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BUILDING STATISTICS

Building Name: Foreman Field Game Day Building
Project Team:
= QOwner - Old Dominion University
= General Contractor - S.B. Ballard Construction Company
= Architect - Ellerbe Becket
= Engineer - Clark Nexsen
Size : Gross Floor Area = 54,877 sq. ft. , Height = 47 ft.
= 1stFloor = 16,500 sq. ft.
= 20 Floor = 16,100 sq. ft.
= 31 Floor = 11,500 sq. ft.
= 4t Floor = 10,800 sq. ft.
Construction: Dates of February 22, 2008 thru July 22, 2009
Cost: $11.9 million
Project Delivery Method: Design-Building

BUILDING STATISTICS

Location: The Game Day building is currently under construction in
the south end zone of Foreman Field on the campus of Old
Dominion University in Norfolk Virginia.
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“THESIS PROPOSAL & GOALS  *COST & SCHERULE Al
3 +LLIGHTING REDESIGN

EXISTING GRAVITY SYSTEM

Cast in Place Reinforced Concrete Flat Plate
= Typical bay size 31’-6” x 17°-0”
= Typical slab depth 12”
= No shear caps or drop panels
= Shear stud rails used to resist punching shear

Cast in Place Reinforced Concrete Beams

= Located around openings and seating

Cast in Place Concrete Columns
= 18" x 18" typical

3RP FLOOR STRUCTURAL PLAN

Blue: Beam Location
Red: Column or Load Bearing Wall Location



GAME DAY BUILDING EXISTING LATERAL SYSTEM EXISTING LATERAL SYSTEM
Pos-r TENSIONED REDES]GN = Seven Cast in Place Reinforced Concrete Shear Walls "

Capacity Significantly Exceeds Lateral Loading Demands

Located in Architecturally Convenient Locations = Column & Slab Moment Frames’ Stiffness not Considered

BY: MATTHEW HAAPALA

Shear Wall Location Plan ETABS Model of Existing Lateral System

*EXISTING CONDITONS

“THESIS PROPOSAL & GOALS  ‘COST & SCHERULE Al

“GRAYITY SYSTEM REDESIGN _ *LIGHTING REDESIGN




GAME DAY BUILDING EXISTING FOUNDATIONS EXISTING FOUNDATIONS
Pos"r TENSIONED REDESIGN = Square Precast Prestressed Concrete (SPPC) Piles

= 100’ long from Tip to Cutoff

BY: MATTHEW HAAPALA = 183 Piles Total

= Typically Driven in Clusters of 4 Below Most Columns -
= Clusters of Up to 18 Below Shear Walls S\ "

Foundation Plan

= Topped With 36” - 40” Deep Pile Caps o o
= Grade Beams Below Exterior Walls & Between Pile Caps e \
/,,-"‘ -
o r
=R
0to1 Topsoil or Asphalt ; ’ L 1 :
Oto 4 Fill of fibrous organics and wet sand .__’—-*-‘,""—’"—g I r ; %
21018 Sand with varying amounts of silt and clay =% i x — | e
‘EXISTING CONDITIONS — 'FOUNDA:]‘ION OPTIMIZ IR 18 to 53-84 Gray, wet clay with varying amounts of sand and
- e ki marine shell fragments
*THESIS PROPOSAL & GOALS *COST & SCHERULE AN, 1 53-84 to 110 Gray, wet, silty, fine sand with marine shell fragments
= = and varying amounts of clay

-Gggﬂv—své‘rwaR‘EDESIGN *LIGHTING REDESIGN
=SIGN—CONCLUSI
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51 SYSTEM REDESIGN . *LIGHTING REDESIGN

Study 1 Gravity System Redesign

Problem: Two-way flat plate is structurally inefficient floor system
Solution: Replace with one-way slabs on post tensioned beams
Goals:

= Reduce slab depth

= Develop understanding of post tensioned concrete design

= Use post tensioning to minimize beam depth

= Reduce self weight of the structure

STRUCTURAL DEPTH PROPOSAL

Study 2 Lateral System Redesign
Problem: Shear walls’ excess capacity suggests reduction possible

Solution: Consider Moment Frames in Lateral Design and Remove
Existing Shear Walls Where Practical
Goals:

= Utilize Post Tensioned Beams in Ordinary Concrete Moment
Frames

= Reduce The Number of Shear Walls

Study 3 Foundation Optimization

Problem: With poor soils extensive deep foundations required

Solution: Analyze foundation requirements of redesigned structure
to determine possible foundation reductions
Goal: Reduce the number of piles



GAME DAY BUILDING C.M. BREADTH PROPOSALS
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Problem: Unknown cost, constructability, and construction schedule
impacts of structural redesign

Solution: Conduct cost and schedule analyses comparing of the
original and redesigned structure

Goals:

= Lower the price of the structure

= Develop a construction sequence that satisfies the unique
demands of post tensioning

= Do not Increase the Overall Project Duration

*EXISTING CONDITIONS ~ +*FOUNDATION OPTIMIZA

“THESISIPROPO AL 8IGOALS *COST & SCHERULE A

*GRAV{#Y, SYSTEM REDESIGN ___ *LIGHTING REDESIGN

TEM REDESIGN ~CONCLUSI
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LIGHTING BREADTH PROPOSAL

Problem: Original lighting design predominantly inexpensive troffers
and cans

Solution: Create an alternate lighting scheme for the scholarship
lounge

Goals:

= Integrate the structural redesign into the redesigned lighting

scheme

= Make the room seem more spacious have emphasizing the
peripherals by having a high luminance on the Walls and
Ceiling.
Increase flexibility by specifying dimmable fixtures
Satisfy ASHRE 90.1 and IESNA Lighting Handbook
requirements
Use attractive or concealed luminaries

LIGHTING BREADTH PROPOSAL




GAME DAY BUILDING GRAVITY SYSTEM REDESIGN
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BY: MATTHEW HAAPALA Original Design Code Substitutions
2003 Virginia Uniform

Statewide Building Code 2006 1BC

ASCE 7-02 ASCE 7-05
Cl 318-02 ACI 318 08

Cement Cement
f'c (psi) [Type f'c (psi) |Type

j— B ile Caps and Grade Beams 3000 1 [
*EXISTING CONDITIONS —~ ~ — -Fouy/pgpm'oyﬂ labs on Grade 3000] ]
THESIS PROPOSAL & GOALS ~ *COST & SWLE'A'N'Awsl tructural Slabs and Beams s000] | [

Lo : Wallsand Courns —sooo 1 eooo W

-G RAVIRASYSTEMIREDESIGN! SIGHTING REDESIGN
s e e = -

'\’\\b‘
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GAME DAY BUILDING GRAVITY LOADING ASSUMPTIONS
POST TENSIONED REDESIGN
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40 psf
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*EXISTING CONDITIONS -~~~ 'FOUN/I?&]’[O‘N'OP‘H
= g s
*THESIS PROPOSAL & GOALS = °*COST & SE;EBELE'ANAE\@L% Snow Loads
Y SYSTE R it pg
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GAME DAY BUILDING TRIAL LAYOUT DEVELOPMENT TRIAL LAYOUT DEVELOPMENT
POST TENSIONED REDESIGN
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| - = Post Tensioned Concrete Beam - = Post Tensioned Concrete Beam
. - = Reinforced Concrete Beam - = Reinforced Concrete Beam
- = Support Column or Wall - = Support Column or Wall

M REDESIGN
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PCA SLAB ANALYSIS & DESIGN

BY: MATTHEW HAAPALA

*EXISTING CONDITIONS ~ *FOUNDATION O}“T'IMI A
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Unit Strip Plan Unit Strip
Isometric View

e Unit Strip
Deflection Diagram

-, Total Deflection = 1.789

. 1 ”

PCA SLAB ANALYSIS & DESIGN

Unit Strip Plan Unit Strip
o : Isometric View

= Unit Strip
) Deflection Diagram

Total Deflection = 0.224”



GAME DAY BUILDING PT BEAM HAND CALCULATIONS

POST TENSIONED REDESIGN Calculations

= Designed in accordance with ACI 318-08 for:
BY: MATTHEW HAAPALA = Flexural serviceability

= Ultimate flexural strength

= Shear and torsion

= Deflection

= Every post tensioned beam analyzed at supports and midspan
= Member loads determined by iterative moment distribution
= Pattern loading not critical
= Moment redistribution not performed
= £2>.0075 (ACI 318-08 Sect. 8.4.2)

*EXISTING CONDITIONS Y s .FOUND&IION Oemn = Beam/Slab effective T beams considered

*THESIS PROPOSAL &GoaLs - ’Cos'r & Sﬂ-‘l‘gﬂi}LE ANALYSI

’>>>>
GRAVITY SYSTEM REDESIGN J..-IGHT]_NG REDESIGN =W

'\’\\b‘

BTER/AgYS/ﬁ'“RED%SIGN Concrucins s
= ’_’ = =
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= Interior beams

= Depth: 14” = 2x slab depth of 7”

= Width: 12” - 40”, typ. 28”

= #Tendons: (5) - (13), typ. (6)

= Longitudinal Rebar: (3) - (5) #8 Top & Bottom , typ. (4)
= Perimeter beams: depth 18”

= Depth 18” - 29”

= Width 12” - 24”, typ. 18”

= #Tendons: (4) - (6), typ. (4)

= Longitudinal Rebar : (2) - (4) #8 Top & Bottom, typ. (2)
= On average76% dead load balanced after losses
= Average Compressive Stress 164psi —475psi, typ. 250 psi
= > Code required 125psi
= <500psi reasonable maximum

PT BEAM HAND CALCULATIONS

I a4 -
("
r ¥ ¥ S
o 1 =
i __#5 SLAB REINF.
. 2l TOP AND BOT
1 \
(4)#8 Top & Bottom (6) '@ TWIRE STRANDS
#4 STIRRUPS
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GAME DAY BUILDING TORSION & DEFLECTION DESIGN
POST TENSIONED REDESIGN

BY: MATTHEW HAAPALA Typical Long Term Deflection Plan

*THESIS PROPOSAL & GOALS - T:osT & SEMLE ANALYSI i i
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'SYSTEMREDESIGN, SLLIGHTING REDESIGN
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GAME DAY BUILDING 2ND FLOOR FLEXURAL
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GAME DAY BUILDING WIND LOADING WIND LOADING
POST TENSIONED REDESIGN S e HindPssun Do

P 374 pif
Wind Importance Factor 1.15 ploil 226 pif —-—
BY: MATTHEW HAAPALA Wind Exposure Category B| P . ] .
Gust Response Factor 0.85 15.43 psf -10psf

10

Internal pressure Coefficients +/-0.18

*EXISTING CONDITIONS ~ +*FOUNDATION OPTIMIZA

“THESIS PROPOSAL & GOALS — SCOST & SCHEBULE ANALY:

*GRAVIIRNG SYSTEMIREDESIGN sLIGHTING REDESIGN
o — = =

GN=CONCLUSIONS




GAME DAY BUILDING SEISMIC LOADING SEISMIC LOADING
POST TENSIONED REDESIGN [ SelmicDesignvalues |

Site Class D
Importance Factor, | 1.25
BY: MATTHEW HAAPALA s, 0118
Sy 0.048
F. 1.6)
Fy 2.4 A =
Ordinary Reinforced Concrete 3 25
Sos=(2/3)*F.*S, 0.126 Moment Frames i
Sp1 =(2/3)*F,*S; 0.0768| Ordinary Reinforced Concrete 5 45
Seismic Design Category B Shear Walls
Building Height, h 47' Ordinary Reinforced Concrete
C, 0.02| Moment Frames and Ordinary 45 4
I 0.75| Reinforced Concrete Shear Walls
*EXISTING CONDITIONS: T A | Ta = Ct*h" 0.359
= = Cu 1.7,
*THESIS PROPOSAL & GOALS ST&SCHanLE AN.
> i = CuTa 0.61
:GRAVITX SYSTEM REDESIGN Hf_L{GHT—l_th REDESIGN T,

SIGNPCONCLUSIH
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SHEAR WALL 7 REMOVAL SHEAR WALLS 1 & 3 REMOVAL
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R - = Columns Sections Increased
*EXISTING CONDIT]_ONS"' P

2 e S - = Plan East/West Direction Lateral System Components
‘THESIS PROPOSAL & GOALS: — sCOST & SWLE'ANAwsl

D = Plan North/South Direction Lateral System Components

‘GRAVITN SYSTEM REDESIGN /'L-IG;:ITI}’IG REDESIGN

SIEATERAIESYSHEME
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REDESIGN>CONCLUSIONS @/\
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*EXISTING CONDITIONS

“THESIS PROPOS?

SOUTH WIND DEFLECTED SHAPE

[Roof 0.0686] 0.0868| 0.2133] OK|
Floor 4 0.0709) 0.0401] 0.2133] [
Floor 3 0.0707| 0.0376] 0.2133] ok|
Floor 2 0.0340[ 0.3000]

EISMIC DEFLECTED SHAPE

East/West Direction

IStory cd|_Average Diaphragm Drift| Max Diaphragm Drift| _Seismic Drift Limit| Drift Limit Exceded| _ Torsional Irregularity]
Roof 23] 0.002915] 0002953 0.02) Nol Nol
Fioora | 25 0.003373] 0003418 002 No No|
Floors | 25 0.003383] 0003418 0.02) Nol ol
Floor2 | 25 0.002220) 0002245 002 Noj NoJ
North South Direction
[Story Cdverage Diaphragm Drift (V)] _Max Diaphragm Drift (Y]] _Seismic Drift Limit] __Drift Limit Exceded| Torsional Iregularity|
Roof 4] 0.001120) 0.001204 Nol Nol
Fioor a 4 0.000816] 0.000960 002 No No|
Floor 3 4 0.000816] 0.000884| 0.02) Noj No
Floor 2 4 0.000396] 0.000472| 0.02) Noj No|




GAME DAY BUILDING SHEAR WALL DESIGN |
POST TENSIONED REDESIGN

Vertical Shear llc:ill‘:-

-

IP. (Kips) 1127 606 1128 6086 $ Horizontal Shear Il.elﬂf:-
rwr
/u (Kips) 174 201 27| 54
BY: MATTHEW HAAPALA Flexural Reinforcement: [
(K-At) 8001] 7963 337 333

[ eoeanvaues | [ Shear Reinforcement Reqld_| P I I oy | N

[b Tension 04 of Curtains Reg'd 1| Boundaryzone | Nd L
[0 Shear 75 fAs min (in"2/ft) 054
Comp. 069 [MaxSpacing (in) 13.78 fi of Bars 7
T I Eo| b s J
f# of Curtains 2 [PMn>Mu, ®Pn>Pu Ye:
L (in) 222 =
Bar Size 43
pin) 28 Bar Spacing (in) T,
b (in) 18 G
k% 80004 [y o008
A (in"2) 3996 kbvin (Kips) 264
' (in83) 147852 \y/dbvn 7594 | - ]
(in"a) 16411577 =
ey

2
8
818

o

*GRAVIIEY: SYSTEM REDESIGN
=

ESIGN=CONCLUSIONS



GAME DAY BUILDING FOUNDATION OPTIMIZATION FOUNDATION OPTIMIZATION
POST TENSIONED REDESIGN fewpegesd

(Kips) (Kips) (Kips) % Orig.| (kips)] % orig|
BY: MATTHEW HAA LA 72 99 62 86% 95 96%
- MA H PA 129) 162 106) 82 158] 98%
102] 81] 67 66% 77 95%
[SW 1, SW 3, SW 5, & SW7. 2| 0|
SW2 77 -29) ook [ox YES| 10] 10)
SW4 14)) 27 120K Fail* VES 10) 10)
SW6 61 1] 8Jok ok YES| 1) 1)

ONDITIO © B) N (O ATION

Columns 113] 110 -3

PROPO 8 GO = a Shear Walls 54 32] -22

any sy Fagade 16 16 0

R RED RED — Total 183 158[| -25




GAME DAY BUILDING CosT LYSIS

POST TENSIONED REDES]GN Structural System Cost Comparison

$1,502,882
$30.33/sq.-ft. Cost Savings
BY: MATTHEW H sas00000 | ebingeit $1.264.735 $238,147

G $25.52/sq.t.
T

$3,000,000

$4.80/sq.-ft
16% Reduction in Structure Cost
2% Reduction in Overall Project Cost

2,000,000 298,460

$1,500,000

$1,000,000
$500,000

S0

= 'FOUNE&JI@N’O’P‘T’!MI 7 Original Design New Design

T o L m Deep Foundations ® Shallow Foundations m Slab on Grade m Concrete Formwork
*THESIS PROPOSAL & GOALS ~ COSTI&ISCHEDULE ANALYSIS

=3 M Reinforcing steel M Prestressing Steel m Concrete m Concrete Placing

= P a
e s e
*GRAVITY SYSTEM REBESIGN _LIGHTING REDESI% e et

g - i
X N ONCLUSIONS M
2 . :
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ORIGINAL DESIGN SCHEDULE

GAME DAY BUILDING
PoOST TENSIONED REDESIGN e

Foundation

BY: MATTHEW HAAPALA
LE\I'EII‘JfI

*EXISTING CONDITIONS-— —_ -Fou[@b;leﬂ'oﬁm

NONSTRUCTURAL

= = e
*THESIS PROPOSAL & GOALS ~ COSTI&ISCHEDULE ANALYSIS

=

= = 2
T e i
-GEAVIJY,SYSTEM REBESIGN ,!LIGHHI:IG REDESI% — ..

10N




GAME DAY BUILDING NEW DESIGN SCHEDULE CONSTRUCTION SEQUENCE
POST TENSIONED REDESIGN e gy s

¥ e [P A—
LEVEL 1 L —
TERMITE TREATMENT S0.G -
Prep 506 b
BY: MATTHEW HAAPALA POEELACE 800 o
FIR/P VERTICALS CIP TO 2nd FLOOR POUR 1 T @y
FIR/P VERTICALS CIF TO 2nd FLOOR POUR 2 sam
FIRUP VERTICALS CIF TO 2nd FLOOR POUR 3 e
LEVeLZ 1t g
LVL 2POUR 1 o g—
FORM SLABS AND BEAMS ron §
PLACE MEP EMBEDS o iy
PLACE REINF & PT e
POUR ELEVATED SLAS vem
CONCRETE CURE tem |
STRESS FT ey
SER RV OF ELONGATION b
STRIP & RESHORE vam |
FIR/P VERTICALS C 1P TO 3cd FLOOR saen
*LVL2Pour 2 Mt
LVL2Z POUR3 Wik y—y
Ty e
. = . A *LEVEL4 1y g
EXISTING CONDITIONS s FOUNMLTION OPTIM hoor i Sequence 2 Sequence 1
= = —— TOTAL STRUCTURAL FLOAT s —
*THESIS PROPOSAL & GOALS -G OSTI&ISCHEDULE ANALYSIS T R oer y e
== - = “ HONSTRUCTURAL ——

*GRAVITY SYSTEM REDESIGN FINAL COMPLETION
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POST TENSIONED REDESIGN
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GAME DAY BUILDING PsEUDO COLOR RENDERING
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*EXISTING CONDITIONS -~ — FOUNB.gleNOPﬁMl 23

*THESIS' PROPOSAL &GoALs. — 'EOsT & SWE’;;?R
e

°GRAVI%S¥STEM REDESIGN LIGHTING REDESIGN
__ ==

— i
516 SCONCLUSIONS @/‘\
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GAME DAY BUILDING CONCLUSIONS
POST TENSIONED REDESIGN Sty desn

v Slab depth reduced by 5”

BY: MATTHEW HAAPALA v Floor depth increase at beams only 2”
v Buildings weight reduced by 36%

Lateral System Redesign
v' 4 out of 7 shear walls removed

v Lateral loading does not control beam design
Foundation Optimization
v Number of Piles Reduced by 15%
Cost and Schedule Analysis
v’ $238,000 in savings
A S v Structural erection expedited
*THESIS PROPog‘A,l_: &GoALs == -”E:IgsT & Sﬂ-lj@ykEﬁA‘E\Gl S Lighting Redesign

-GRA\‘IE%SYSTEIG REDESIGN M#_T_NG REDESIGN >>>>¥ ¥" Non uniform floor depth can improve aesthetics




GAME DAY BUILDING ACKNOWLEDGEMENTS
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= Brian M. Barna Clark Nexsen

= Alicia B, Udovich Clark Nexsen
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= Dr. Andres Lepage

= Dr. Linda Hanagan
= Dr. Ali Memari

- e = = Dr.John Messner
*THESIS PROPOSAL & GOALS ~ *€osT & Sﬂ-lj@ykEmA‘EVSI S

e = > cl tes, Friend d Family
*GRAVITY SYSTEM REDESIGN _ *LIGHTING REDESIGN >}’>; assmates, FrIENcs. and rami




GAME DAY BUILDING QUESTIONS?
POST TENSIONED REDESIGN
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*EXISTING CONDITIONS- -~ :—'_: -Fouy/@len'o’ﬁm
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