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Building StatisticsBuilding Statistics

Occupancy Type: ResidentialOccupancy Type: Residential
Approximate Size: 161,600 ftApproximate Size: 161,600 ft22

Number of Stories Above Grade: 9Number of Stories Above Grade: 9
Dates of Construction: 5/05Dates of Construction: 5/05--7/067/06
Approximate Overall Building Cost: Approximate Overall Building Cost: 
$33 million$33 million



Project TeamProject Team

OwnerOwner:  :  The University of PittsburghThe University of Pittsburgh
Construction ManagerConstruction Manager: : P.J. Dick Inc.P.J. Dick Inc.
ArchitectArchitect:  :  Perkins Eastman ArchitectsPerkins Eastman Architects
Civil/Site/Landscape EngineerCivil/Site/Landscape Engineer: : The Gateway The Gateway 
Engineers Inc.Engineers Inc.
Structural EngineerStructural Engineer:  :  Atlantic Engineering Atlantic Engineering 
ServicesServices
MEP EngineerMEP Engineer: : Elwood S. Tower CorporationElwood S. Tower Corporation



Relevant Building CodesRelevant Building Codes

International Building CodeInternational Building Code
ASTMASTM
ACI 318ACI 318
ACI 530ACI 530
AISCAISC
ASCE7ASCE7--0202
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Structural SystemStructural System
FramingFraming
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Problem StatementProblem Statement



Proposed SolutionProposed Solution



Depth StudyDepth Study

Designed using ADOSSDesigned using ADOSS
TwoTwo--way Flatway Flat--plate systemplate system
ff’’cc=4000psi=4000psi
FyFy=60,000psi=60,000psi



Gravity LoadsGravity Loads

Dead LoadDead Load (self(self--weight): weight): Computed by Computed by 
ADOSSADOSS
Superimposed Dead LoadSuperimposed Dead Load: : 25psf25psf
Live LoadLive Load: : 80psf80psf
Roof/SnowRoof/Snow: : 30psf30psf



SlabSlab

ACI 318 Table 9.5(c)ACI 318 Table 9.5(c)
ttminmin=ln/30=(27ft =ln/30=(27ft ––2ft)(12in/ft)/30=102ft)(12in/ft)/30=10””

AsAsminmin=0.0018Ag=0.216in=0.0018Ag=0.216in22/ft /ft 
(#5@12(#5@12””))



Slab ReinforcementSlab Reinforcement

Distance from reinforcement to tension Distance from reinforcement to tension 
face = 1.5face = 1.5””
Minimum Bar Size = #4Minimum Bar Size = #4
Minimum Clear Bar Spacing = 6Minimum Clear Bar Spacing = 6””
100% Column Fixity100% Column Fixity
Long and short bar extensions were Long and short bar extensions were 
completed by ADOSS which complies completed by ADOSS which complies 
with ACI Figure 13.3.8.with ACI Figure 13.3.8.



Slab ReinforcementSlab Reinforcement

As = 6.15inAs = 6.15in22/13.5ft = 0.456 in/13.5ft = 0.456 in22/ft (#7 at 12/ft (#7 at 12””))



Slab ReinforcementSlab Reinforcement



Slab ReinforcementSlab Reinforcement



Slab ReinforcementSlab Reinforcement

End spans and center sectionEnd spans and center section
Also designed in ADOSSAlso designed in ADOSS
Checked with a max moment of wLChecked with a max moment of wL22/8/8



Slab ReinforcementSlab Reinforcement



Slab ReinforcementSlab Reinforcement

TT--Beam DesignBeam Design
Depth=10Depth=10””+6+6””
Width=24Width=24””
55--#8#8’’s for Flexures for Flexure
#3#3’’s for Shear (1 at s for Shear (1 at 
22”” and 18 at 9and 18 at 9””))



ColumnsColumns

Designed using Interaction DiagramsDesigned using Interaction Diagrams
CRSI Design Handbook: 26CRSI Design Handbook: 26”” minimum minimum 
column for shearcolumn for shear
Column Capitals 5Column Capitals 5”” x 5x 5”” extensionextension
ACI 10.16.8.6ACI 10.16.8.6

AsAsminmin=0.01Ag=6.76in=0.01Ag=6.76in22 (12#7)(12#7)
AsAsmaxmax=0.08Ag=0.08Ag



ColumnsColumns

Interaction Diagram (Interaction Diagram (γγ=0.8) from =0.8) from 
Design of Concrete Structures textbookDesign of Concrete Structures textbook
Minimum Concrete Cover = 1.5Minimum Concrete Cover = 1.5””
Strength Reduction Factor = 0.65Strength Reduction Factor = 0.65
Lateral ties for <#10 bars = #3Lateral ties for <#10 bars = #3



ColumnsColumns

Lateral Tie SpacingLateral Tie Spacing
16 x 16 x diadia. Longitudinal bars = 14. Longitudinal bars = 14””
48 x 48 x diadia. Tie = 48.375. Tie = 48.375””
½½ Least dimension of column = 13Least dimension of column = 13””



Lateral DesignLateral Design

1010”” Concrete Concrete 
Shear WallsShear Walls
Seismic loading Seismic loading 
based on based on 
ASCE7ASCE7--0202



Lateral DesignLateral Design

Shear Wall Type AShear Wall Type A
Horizontal SteelHorizontal Steel

#10 at 12#10 at 12””

Vertical SteelVertical Steel
First and Last 12First and Last 12””

2020--#10#10’’ss

#5 at 12#5 at 12””

Shear Wall Type BShear Wall Type B
Horizontal SteelHorizontal Steel

#5 at 12#5 at 12””

Vertical SteelVertical Steel
First and Last 12First and Last 12””

2020--#8#8’’ss

#5 at 12#5 at 12””



Lateral DesignLateral Design



Lateral DesignLateral Design

Lateral TiesLateral Ties



Lateral DesignLateral Design

Shear wall to Shear wall to 
foundationfoundation



DriftDrift

Δ = (Ph= (Ph33/3EI)+(2.78Ph/AE)/3EI)+(2.78Ph/AE)
E = 33(145pcf)E = 33(145pcf)1.51.5(4000psi)(4000psi)0.50.5

=3644ksi=3644ksi
Δallowableallowable = H/400 =105.5ft(12in/ft)/400 H/400 =105.5ft(12in/ft)/400 
= 3.165= 3.165””



Thermal GradientThermal Gradient
Dew Point TemperaturesDew Point Temperatures

Summer = 55FSummer = 55F
50% RH, 75F50% RH, 75F

Winter = 51FWinter = 51F
50% RH, 71F50% RH, 71F

Max Allowable UMax Allowable U--Factor = 0.064Factor = 0.064
ASHRAE std. 90.1ASHRAE std. 90.1--20042004

Outdoor Design ConditionsOutdoor Design Conditions
ASHRAE Design Handbook of Fundamentals 1993ASHRAE Design Handbook of Fundamentals 1993
Summer = 86FSummer = 86F
Winter = 7FWinter = 7F





Cost and Duration ComparisonCost and Duration Comparison

TwoTwo--Way SystemWay System
Material: $11,967Material: $11,967
Labor: $7,305Labor: $7,305
Labor Fringes: $2,004Labor Fringes: $2,004
Equipment: $837Equipment: $837
Total: $22,113Total: $22,113
ManMan--hours: 353hours: 353

OneOne--Way SystemWay System
Material: $8,091Material: $8,091
Labor: $1,815Labor: $1,815
Labor Fringes: $887Labor Fringes: $887
Equipment: $265Equipment: $265
Total: $11,058Total: $11,058
ManMan--hours: 92hours: 92



ConclusionsConclusions
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