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Project Overview

Presentation Outline

Location: Mt. Lebanon, Pennsylvania

Building Type: Multi-Use
(Residential/Retail)
Existing Structure

Why Re-design? Size: 148,000 sq. ft.

: Project Cost: $23,418,000
Structural Redesign

Architectural : e b AT 1 Delivery Method: Design-Bid-Build
Detailing : ] g T s :
: Owner: Zamagias Properties
Acoustics
Construction Dates: Fall 2008-Fall 2010
Conclusion
Questions
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Presentation Outline

Project Overview

Why Re-design?

Structural Redesign

Architectural
Detailing

Acoustics

Conclusion

Questions

Existing Conditions — Floor Systems

Existing Floor Systems

¢ 8” Precast Concrete Plank (Basement thru Floor 2)

¢ VESCOM Composite Joist with 3 5/8” concrete slab
(Floors 3 thru 8)

* Steel Beams and Columns
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Presentation Outline

Project Overview

Why Re-design?

Structural Redesign

Architectural
Detailing

Acoustics

Conclusion
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Existing Conditions — Lateral System

Steel Moment Frames
*17 moment frames per floor
* 6 exterior
* 11 interior
*Comprised of special joist Girders
designed by VESCOM in
East-West Direction

*W-shapes used in North-South
Direction

*VESCOM floor system used as
a rigid diaphragm to transfer loading

Benjamin Follett April 13,2009

Structural Option



Presentation Outline

Project Overview

Why Re-design?

Structural Redesign

Architectural
Detailing
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Conclusion
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Existing Conditions — Lateral System

Steel Brace Frames

*11 frames in the sub-basement level

*HSS 8x8x1/2 and HSS 6x6x3/8

*Primary function is to resist lateral soil pressure
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Presentation Outline
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Detailing
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Conclusion
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Why Redesign?

Problem Statement

Lack of construction experience with newer composite steel joist system

«Inefficient lateral system with most columns and beams being part of the
moment frame system

*Possibility of unwanted floor vibrations with use of composite joist system.

¢ Ultimately why was composite joist system chosen over a reinforced
concrete system?

Problem Solution — Complete redesign of both the gravity and
lateral systems of Washington Park Condominiums
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Presentation Outline

Project Overview

Existing Structure

Structural Redesign

Architectural
Detailing

Acoustics

Conclusion

Questions

Why Redesign?

Design Goals

*Study and determine relevant differences between the use of steel and
concrete structures for Washington Park Condominiums

*Maintain allowable story drift while reducing motion perceived by building
occupants

¢Adhere to the current column layout of the building

*Design a more efficient lateral force resisting system using concrete

*Reduce sound transmission throughout building between areas with high
noise levels and the apartments

Learn how to design both gravity and lateral systems using
reinforced concrete.
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Presentation Outline
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Why Re-design?
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Detailing
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Conclusion
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Structural Redesign — Gravity System

Two Way Flat Plate
* Analysis/Design
* PCASlab & Hand Calculations
« Slab Thickness
* Two Way Reinforcement
* Flexural & Shear
* Deflections

Reinforced Concrete Columns
*Placement and Reinforcement
Foundations

«Sizing and Overturning check
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Structural Redesign — Gravity System

Presentation Outline
Two Way Flat Plate Slab

Project Overview : *10” Slab Thickness using ACI 318-08
*Typical bays are 28’-0” x 28’-0” and

28'-0” x 17°-2” bays

A i ¢ i *Controlling load case = 1.2D + 1.6L +0.8W
Why Re-design? ; ‘ ! Y | «For hand calculations only interior bays
were checked

Existing Structure

*Reinforcement using Direct Design
udy o e YE ; Ia Method
Detailing EE i g £ e - 5 o 7

Architectural

Acoustics

Conclusion

Questions

Benjamin Follett April 13, 2009 Structural Option



Structural Redesign — Gravity System

Presentation Outline

Two Way Flat Plate Slab

Project Overview

\ Calc:II nlland OIS SBRECES Reinforcement
Existing Structure o e, o
Why Re-design? S L -

#5 @ 15.25" 0/C [M"(MS)|(14) #5 @ 12" O/C|M"(MS) | #5 @ 15.75" O/C|M"(MS)| (8) #5 @ 16" O/C

Architectural
Detailing

Acoustics

Conclusion

Questions
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Presentation Outline

Project Overview
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Why Re-design?
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Detailing
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Structural Redesign — Gravity System

Two Way Flat Plate Slab

Benjamin Follett
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Structural Redesign — Gravity System

Presentation Outline

Two Way Flat Plate Slab — Deflectiol

Project Overview ¢ Allowable deflections from ACI 9.5

«All slab deflections meet given criteria

Existing Structure

Why Re-design?

Allowable Live
Architectural

y - : T flect
: h - | 1 : g E I Actual Live Load
Detailing B B . Deflection

A il Allowable Total
coustics Load Deflection
Conclusion

Questions
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Presentation Outline

Project Overview
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Why Re-design?

Architectural
Detailing

Acoustics

Conclusion
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Structural Redesign — Gravity System

Reinforced Concrete Columns

¢ All interior columns designed as gravity only
columns

*All columns sized at 24” x 24”

*Loading determined using gravity load take downs

*Reinforcement designed using PCAColumn and
hand calculations

12)#11@ 7"
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Structural Redesign — Foundations

Presentation Outline . . .
Foundation Considerations

Project Overview - Resisting Moment
l Overturning Foctor of Sofety = ,g—
Overturning Moment

Existing Structure
Uplift Check - Shear Wall (Wind)

' &’ v Axial Load Resisting Factor of
= ign? F s k Overturnin| Factor of Safet: Uplift
Why Re-design? = . ’ i 71 verturning on Wall Moment Safety ) R

M t (k-ft| R ded Probl;
loment (k-ft) (kips) (ft) (Calculated) (Recommended) roblem

136940 | 438 | 30 | No |

[st2 [ 13526 | 10 | zers | ewes | wma | s | 30 | o |

Architectural SERERI i Vg ¥ 13 Uplift Check - Shear Wall (Wind)
ili E ! < : AxialLoad | Resisti Factor of
Detailing ? " o I - Overturning ial Loa — actoro; Factor of Safety Uplift
- Moment (k-ft) cnwar Moment ey (Recommended) | Problem
Acoustics e 3 2 = b (kips) (k-ft) (Calculated)
: 254345 | 195 | 42266 | 9819 [ 13940 | 538 [ 30 | No |
o [ 21675 | 6197 | o1 | 585 | 30 | N0 |
Questions
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Structural Redesign — Foundations

Presentation Outline . . .
Foundation Considerations

Project Overview Resisting Moment
l Overturning Factor of Safety g—
Overturning Moment

Existing Structure

Why Re-design? p . - | Spread Footing Sizes

: . b Ui . : 12':0"x 120" 130" x 130" 13-0"x 130"
PTT— .‘ g - - Corner Column (C55) 110"x 110 70"x70 11-0"x 110
e . el B E -
1 Exterior Column (C80) 13'-0"x 13'-0" 8'-6" x 8'-6" 13'-0"x 13'-0"

Acoustics
Conclusion

Questions
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Presentation Outline

Project Overview

Existing Structure

Why Re-design?

Architectural
Detailing

Acoustics

Conclusion

Questions

Structural Redesign — Lateral System

Shear Walls
¢ Analysis/Design
*ETABS, PCAColumn & Hand
Calculations
*Reinforcement

*Flexural, Shear and Transverse
Coupling Beams

«Size and Reinforcement
Modal Analysis
Concrete Moment Frame
*Columns and Beams

* Size and Reinforcement
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Structural Redesign — Lateral System

Presentation Outline .
Reinforced Concrete Shear Walls
Project Overview el * Placement of Shear Walls around Stair and Elevator Shafts

Existing Structure
Why Re-design?

Architectural
Detailing

Acoustics
Conclusion

Questions
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Presentation Outline

Project Overview

Existing Structure

Why Re-design?

Architectural
Detailing

Acoustics

Conclusion

Questions

Structural Redesign — Lateral System

Reinforced Concrete Shear Walls

*Trial size of 18” thick walls determined

*Hand Calculations and ETABS used for analysis
*PCAColumn used for design

ETABS Analysis
*Wind and Seismic Assumptions (ACl 10.10.4.1)

« f,, = 0.7 (Shear Walls)

¢ 1;=0.35 (Coupling Beams)

* Area = 1.0A, (Both)

*Rigid diaphragm modeled to transfer loading

¢ Controlling Load Case = 1.2D + 1.6W + 1.0L + 0.5S
*Torsion considered using 5% eccentricity
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Structural Redesign — Lateral System

Presentation Outline .
Reinforced Concrete Shear Walls

*Each Wall designed as C-shape since all
were part of a shaft

*Reinforcement designed using PCAColumn
and hand calculations

*Final design (2) #5 @ 12" for shear and
flexural reinforcement

Project Overview

Existing Structure

Why Re-design?

Shear Wall Reinforcement Designs

Architectural W ¥ i - T2
Detailing S 36 <o ™ e @rse1 | @#selr

Questions Benjamin Follett April 13, 2009 Structural Option




Structural Redesign — Lateral System

Presentation Outline

Reinforced Concrete Coupling Beams

Project Overview *Controlling Loads found using ETABS

\ ) * Designed to crack before the shear walls and
Existing Structure ; i ™ act as plastic hinges

A g 4 J *Designed as 18” thick
Why Re-design? L ] : - |

*No diagonal reinforcement needed per ACI 21.9.7
*Beams designed as regular and deep beams

Architectural

. - Stair Coupling Beams
Detailing e g

Acoustics e ) W= == 5 Sk

Conclusion

Questions
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Structural Redesign — Lateral System

Presentation Outline

Reinforced Concrete Coupling Beams
*Controlling Loads found using ETABS
*Designed to crack before the shear walls and
act as plastic hinges
A g 4 J *Designed as 18” thick
Why Re-design? g ‘ 3 i *No diagonal reinforcement needed per ACl 21.9.7
*Beams designed as regular and deep beams

Project Overview

Existing Structure

Architectural

Elevator Coupling Beams
Detailing

m Flexural Reinf. Shear Reinf. m
. - i 2% ) (3)#8 @ 6" T&B |(2) Legsof #5 @ 11"| #4 @
Acoustics e o . _

(3) #8 @ 6" T&B |(2) Legs of #5 @ 11"
; : - (3)#5 @ 6" T&B |(2) Legs of #4 @ 16" None _|
Conclusion . .,

Questions
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Presentation Outline

Project Overview

Existing Structure

Why Re-design?

Architectural
Detailing

Acoustics

Conclusion

Questions

Structural Redesign — Lateral System

Reinforced Concrete Coupling Beams
* Typical Beam Sections

* Regular beams and deep beams (> 36” deep)
* Deep beams require skin reinforcement
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Presentation Outline

Project Overview

Existing Structure

Why Re-design?

Architectural
Detailing

Acoustics

Conclusion

Questions

Structural Redesign — Lateral System

Mode Shapes & Period
* Code determined period, T = 1.046 seconds

Benjamin Follett

April 13,2009
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Presentation Outline
Project Overview
Existing Structure

Why Re-design?

Architectural
Detailing

Acoustics
Conclusion

Questions

Structural Redesign — Lateral System

Torsional Amplification

* Additional torsional considerations because of
building’s difference in center of mass and rigidity

*Necessary to design for extra torsion

*Additional eccentricity of 3% used for torsion

Torsional Amplification Factor

o [ o |

Seismic XXY (5% Ecc)

Benjamin Follett April 13, 2009 Structural Option



Structural Redesign — Lateral System

Presentation Outline

Torsional Amplification
Project Overview * Additional torsional considerations because of

\ building’s difference in center of mass and rigidity
Existing Structure | *Necessary to design for extra torsion

‘ ; ooy 1] * Additional eccentricity of 3% used for torsion
Why Re-design? g 5/ il |

As a result of accidental torsion and the desire to

investigate, additional lateral systems, exterior
' AT R L i moment frames were designed.
Detailing 2 I S < R .

Acoustics

Architectural

Conclusion

Questions
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Structural Redesign — Lateral System

Presentation Outline

ETABS Analysis

*Added because of torsion and mode
period considerations

*End offset length = 12” for all beams

Project Overview *Rigid zone factor = 0.5
1;=0.35 (ACI 10.10.4.1)
*Controlling Load Case = 1.2D + 1.6W +

Existing Structure

3 i *Torsional amplification factor reduced  1.0L +0.5S
Why Re-design? B . : | to 1.

Architectural
Detailing

Acoustics

Conclusion

Questions
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Presentation Outline

Project Overview

Existing Structure

Why Re-design?

Architectural
Detailing

Acoustics

Conclusion

Questions

Structural Redesign — Lateral System

ETABS Analysis
*Added because of torsio mode *Rigid zone factor = 0.5
period considerations 1;=0.35 (ACI 10.10.4.1)
*End offset length = 12” for all beams Controlling Load Case = 1.2D + 1.6W +

Torsional amplification factor reduced 1.0L +0.5S
to 1.

Fundamental Period Comp:

+ Gotaion)
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Presentation Outline

Project Overview

Existing Structure

Why Re-design?

Architectural
Detailing

Acoustics

Conclusion

Questions

Structural Redesign — Lateral System

Concrete Moment Frame - Columns
¢Designed as intermediate moment frame as

stated in ACI 21.3

*Redesign of all exterior and corner columns

*Loads determined using ETABS and takedowns —f‘@
*Load Case (long direction) = 1.2D + 1.0E Exterior L

+1.0L+0.2S

Column

¢Load Case (short direction) = 1.2D + 1.6W  comer

+1.0L+0.5S

Benjamin Follett

Column (C55)

April 13,2009
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Structural Redesign — Lateral System

Presentation Outline

Concrete Moment Frame — Columns
Project Overview *Reinforcement designed using PCAColumn and hand calculations
*Special reinforcement per ACI 21.3
*Hoops required for 24” at each end
Ties required throughout remainder of column

Existing Structure

Why Re-design?

‘ 3 -
. 3 LT = Il f = Use (2) #4 Hoops @ 8" for
Architectural = ST E ] - @ ) ps @ Use (3) #3 Ties @ 24
- J s g ! " . 24" each end
Detailing N 2 : Use (2) #4 Hoops @ 8" for
4 Use (3) #3 Ties @ 24
N - - 24" each end
Acoustics o = .
g j! Use (2) #4 Hoops @ 8" for
2 jL ; (8)#8@9" ) e (3) #3 Ties @ 24"
3 . = 24" each end
Conclusion . .

Questions
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Structural Redesign — Lateral System

Presentation Outline

Concrete Moment Frame — Columns

*Reinforcement designed using PCAColumn and hand calculations
*Special reinforcement per ACI 21.3

*Hoops required for 24” at each end
3 ! i f Ties required throughout remainder of column
Why Re-design? % A : - |

Project Overview

Existing Structure

Architectural
Detailing

Acoustics

Conclusion

Questions

Benjamin Follett
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Structural Redesign — Lateral System

Presentation Outline

Concrete Moment Frame — Beams Fifth Floor
*Beams used both in gravity and lateral systems Loading
eInitial beam cross section of 12” x 18”

*All reinforcement designed using ACI 21.3

3 3 . ) *f’. = 4000 psi & f, = 60000 ksi

Why Re-design? Wiie goc - :

Project Overview

Existing Structure

ifth Floor B9

Architectural

Detailing i :
! | aten |
Acoustics % ;
T | a Jossa || v 23527 |[usez)a3moops@
: - = \ Use (2) #5 Bars T&B 36" @ each end
Conclusion — : B !

Questions

Benjamin Follett
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Presentation Outline

Project Overview

Existing Structure

Why Re-design?

Architectural
Detailing

Acoustics

Conclusion

Questions

Structural Redesign — Lateral System

Concrete Moment Frame — Beams Details

End Beam Detail

Benjamin Follett

Throughout Beam Detail

April 13,2009
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Presentation Outline

Project Overview

Existing Structure

Why Re-design?

Architectural
Detailing

Acoustics

Conclusion

Questions

Structural Redesign — Lateral System

Drift Analysis
*Comparison between drift of

shear wall only design and Wind Drift Comparisons

shear wall with concrete

moment frames design

¢ Seismic (ASCE 7-05)
*A =0.020h,,

*Amplified drift = §,, C4/I

*Wind
*H/400 for story drift
*H/500 for non-structural
considerations

Benjamin Follett April 13,2009

—— Shear Wall Design
Drift

—— Shear Wall/Moment
Frame Drift
——H/400

——H/500
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Presentation Outline

Project Overview

Existing Structure

Why Re-design?

Architectural
Detailing

Acoustics

Conclusion

Questions

Structural Redesign — Lateral System

Drift Analysis
*Comparison between drift of
shear wall only design and

shear wall with concrete

—

moment frames design

¢ Seismic (ASCE 7-05)

Drift (in)

*A=0.020h,,

Seismic Drift Comparisons

——Shear Wall Design
Drift

——Shear Wall/Moment
Frame Drift

*Amplified drift = §,, C4/I

*Wind
*H/400 for story drift
*H/500 for non-structural
considerations

Benjamin Follett April 13,2009

Seismic
Story Drift
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Architectural Detailing Study

Presentation Outline

Architectural Detailing
Project Overview .

*Changes in the ceiling cavity caused by the change in structural system

«Existing system used as architectural feature to efficiently integrate
mechanical systems into ceiling cavity

Existing Structure

Why Re-design?

*New system utilizes 18” airspace to run all mechanical equipment

Structural Redesign

Acoustics
Conclusion

Questions
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Architectural Detailing Study

Presentation Outline

Architectural Detailing
Project Overview .

*Changes in the ceiling cavity caused by the change in structural system

«Existing system used as architectural feature to efficiently integrate
mechanical systems into ceiling cavity

Existing Structure

Why Re-design?

*New system utilizes 18” airspace to run all mechanical equipment

Structural Redesign

Acoustics
Conclusion

Questions
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Architectural Detailing Study

Presentation Outline hitectural Deta"ing
*Changes and differences in connections used
for steel and concrete systems

Project Overview

Existing Structure

*New connection uses concrete screws anng

: with a lag screw expansion shield and anchor
Why Re-design? - . <

Structural Redesign

Acoustics
Conclusion

Questions
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Acoustics Breadth Study

Presentation Outline .
Acoustics

*Owner expressed concern about building acoustics
e|nvestigated sound transmission through floor and

Project Overview

Existing Structure - i : wall assemblies
3 ; I «ldentified spaces with high expected noise level and
Why Re-design? o § ! I studied their impact on the apartments

*Goal was to improve TL and STC values for

Structural Redesign )
assemblies

Architectural

Detailing

Conclusion

Questions Benjamin Follett April 13, 2009 Structural Option




Acoustics Breadth Study

Presentation Outline

Floor Sound Isolation Assembly used on Floors 3 thru 8

RS ; I

Existing Structure . ok i '
| y r - Minus expected background noise in Apartment (RC-30) m
Why Re-design? ' - : - ; | Minwsloogas 1
Structural Redesign i TRttt HA
g | ™ T 3/4" Wood Flooring on 1" glass fiber

pum— o SE R T :
Detailing _ it i :

Di

Conclusion

Questions
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Acoustics Breadth Study

Presentation Outline
Project Overview
Existing Structure
Why Re-design?

Structural Redesign
- T 2 Layers of 1/2" Gypsum Wall Board (each side)
Architectural r ) ¥ ¥ i B : - 1 2 Layers of 3 5/8" Steel Studs @ 24" 0.C.

Detailing

Conclusion

Questions
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Presentation Outline

Project Overview

Existing Structure

Why Re-design?

Structural Redesign

Architectural
Detailing

Conclusion

Questions

Acoustics Breadth Study

Acoustic Performance Comparison
STC - HUD Noise

Assembly Control Guide

Floor Assembly between Floors on
Apartment Levels 3 thru 8
Floor Assembly between Penthouse
Apartment and Rooftop Mechanical STC-56 STC-62 STC- 105
Equipment
Wall Assembly between Elevator
Wall Assembly between two
Apartments and an Apartment and -
a Corridor

Benjamin Follett April 13, 2009 Structural Option




Presentation Outline
Project Overview
Existing Structure
Why Re-design?

Structural Redesign

Architectural
Detailing

Acoustics

Questions

Conclusions and Recommendations

Conclusions and Recommendations
*Redesign of structural system caused the following:
*Reduced building motion in terms of building period and drift
*Possible overdesign with the inclusion of concrete moment frames
*Minor impacts on architectural aspects of the building
*Better acoustical performance of all floor/wall assemblies
*Recommendations
*Existing structural system is most likely the most efficient
*Benefits of the use of reinforced concrete in the design of mid-rise
apartment buildings is evident

Overall, the main objective of learning how to analyze and design all aspects
of a concrete structure was accomplished!
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Undergradese
What undergrads ask vs. what they're REALLY asking

“Is it going to be an ~Mmin, what &0 “Are you going to
open book exam?’ you mean by that?" have g;.ao_,?our:
Transiation: *I don't have Transiation. "What's 1, : ;V S
to :nd;:'v r-wmwm e o “The answer 30 we nuanm:nonman
el can all go home. in your office?”
“Can i get an
extonsion?” “Is this going 1o be

on the test?"
Translation: *Can you

Te-arrange your lfe Translation: “Tell us
around mine? whal's going to be
the test "

Explain Newtons First
Law of Molion in your
onn

[Nakea Fooh M. Gaug
PubbaWuP Lidk wottoo)
GQaloRE, CHUMELE Spulz

Is grading going
o be curved?”

ARG CHkM © 3008

Translation: “Can | do
mediocre job and
still get an A?"

W PHDEOMIES. COM
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