
 

 

  

Sarah Bednarcik | Structural Option 

SteelStacks Performing Arts Center | Bethlehem, Pennsylvania 

3 April 2013 | Final Report 

55 | P a g e  

Appendix A Structural System Overview  

Site Plan Detail 

The location of the existing site at onset of project with current location overlaid. 
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Architectural Floor Plans 
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Structural Floor Plans 
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Lateral System 
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Appendix B Existing: Wind Calculations  
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Appendix C Existing: Seismic Calculations 
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Weight of Building Area PSF Load (lbs) Story Weight (lbs)

CMU 4310 91 392210

Curtain Wall 2160 20 43200

Concrete Panels 9610 100 961000

Floor 2 12090 67 810030 2206440

CMU 9140 91 831740

Curtain Wall 2160 20 43200

Concrete Panels 9610 100 961000

Floor 3 21060 105 2211300 4047240

CMU 5920 91 538720

Curtain Wall 2300 20 46000

Concrete Panels 6030 100 603000

Floor 4 21060 67 1411020 2598740

Mechnical (RTU) 35934 35934

CMU 4520 91 411320

Curtain Wall 3500 20 70000

Concrete Panels 8530 100 853000

Roof 17460 80 1396800 2731120

Columns 1870 70 130900 130900

11750374

(k) 11750

Total Weight (lbs)
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Appendix D Gravity Redesign 

RC System 

Hand Calculations: 
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Interior Beam E-5 to E-6 
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Prestressed System: 
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Slab 
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 Beams:  
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Comparison 

 

 

 

  

Material Installation Total

Forms in place, flat plate to 15' high, 4 uses 1655.68 S.F. 1.56 6.30 7.86

Forms in place, interior beam, 24", 4 uses 877.9 SFCA 0.26 2.55 2.59

Reinforcing in place, elevated slabs #4 to #7 3.1 Ton 1.49 0.77 2.26

Reinforcing in place, elevated beams #10 1.0 Ton 0.45 0.27 0.72

Reinforcing in place, elevated beams #4 to #7 0.5 Ton 0.22 0.22 0.45

Concrete ready mix, regular weight, 4000 psi 70.02 CY 3.30 0.00 3.30

Place and vibrate concrete, elevated slab 6" to 10" thick, pump 70.02 CY 0.00 0.64 0.64

Cure with sprayed membrane curing compound 25.34 C.S.F. 0.09 0.07 0.15

Total SF 2186.80 Total ($/sf) 17.96

System Components Quantity Unit
Cost per SF ($)

Reinforced Concrete One Way Slab & Beam

Material Installation Total

Forms in place, flat plate to 15' high, 4 uses 2007.9 S.F. 1.89 7.64 8.75

Forms in place, interior beam, 24", 4 uses 240.2 SFCA 0.07 0.70 0.71

Reinforcing in place, elevated slabs #4 to #7 1.6 Ton 0.78 0.40 1.18

Reinforcing in place, elevated beams #4 to #7 0.7 Ton 0.32 0.32 0.65

Concrete ready mix, regular weight, 5000 psi 65.0 CY 3.24 0.00 3.24

Place and vibrate concrete, elevated slab 6" to 10" thick, pump 65.0 CY 0.00 0.59 0.59

Cure with sprayed membrane curing compound 20.1 C.S.F. 0.07 0.05 0.12

Pre-Stressing Tendons 3530.38 Lb. 1.02 2.00 4.41

Total SF 2186.80 Total ($/sf) 19.64

Prestressed One-Way Slab & Beam

System Components Quantity Unit
Cost per SF ($)

Material Installation Total

W24x55 37.2 LF 1.14 0.08 1.23

W24w76 198.0 LF 8.40 0.45 8.85

W16x31 49.5 LF 0.86 0.11 0.97

W30x90 22.4 LF 1.24 0.05 1.29

Welded Shear Connectors 3/4" diameter 3-7/8" long 240.5 Ea. 0.12 0.14 0.26

Metal decking, non cellular composite, galv. 2" deep, 20 gauge 2215.1 S.F. 1.83 0.47 2.30

Sheet metal edge closure form, 12" w/2 bends, 18 ga, galv 188.5 L.F. 0.09 0.09 0.17

Welded wire fabric rolls, 6 x 6 - W1.4xW1.4 (10x10), 21 lb/csf 22.2 C.S.F. 0.14 0.23 0.36

Concrete ready mix, normal weight, 3000 psi 20.5 CY 0.95 0.00 0.95

Place and vibrate concrete, elevated slab less than 6", pumped 20.5 CY 0.00 0.21 0.21

Curing with spread membrane curing compound 22.2 C.S.F. 0.07 0.06 0.13

Sprayed mineral fiber/cement for fireproof, 1" thick on beams 2215.1 S.F. 0.53 0.68 1.21

Total SF 2215.13 Total ($/sf) 17.93

Existing - Composite Steel

System Components Quantity Unit
Cost per SF ($)
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Columns & Walls: 

Hand calculations: 
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Foundations 
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Appendix E RAM Model & Building Properties 

Center of Mass & Center of Rigidity  

  

System Mass x (ft) y (ft) m*x m*y

Slab 2137350 -105 55.5 -224421750 118622925

SW1 28125 -190 99.75 -5343750 2805468.75

SW2 60000 -190 24 -11400000 1440000

SW3 292500 -112 0 -32760000 0

SW4 34375 0 13.75 0 472656.25

SW5 15834 6.33 87.5 100229.22 1385475

SW6 15834 6.33 111 100229.22 1757574

SW7 36250 -175.5 88.5 -6361875 3208125

Sums 2620268 -280086916.6 129692224

xbar= -106.89

ybar= 49.50

Center of Mass Hand Calculations - 3rd Floor

Tx= 0.8072

Ty= 1.1262

Ttors= 0.9004

Periods of Vibration
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Load Transfer 

 

Level Direction Frame Horiz Force (k) %V Sum Check % Error  Stiffness, X  Stiffness, Y

Roof SW3 334.08 35.60 0.68

x SW5 30.23 3.22 0.05

SW6 33.09 3.53 0.05

SW7 494.05 52.64 0.79

F1 43.86 4.67 0.07

F2 3.19 0.34 938.50 6.15 0.01

SW1 668.06 66.81 1.00

y SW4 316.26 31.63 1000.01 0.00 0.47

SW3 352.47 37.99 0.72

x SW5 30.23 3.26 0.06

SW6 33.09 3.57 0.07

SW7 491.03 52.92 1.00

F1 20.96 2.26 0.04

F2 0.07 0.01 927.85 7.21 0.00

SW1 668.05 66.80 1.00

y SW2 69.43 6.94 0.10

SW4 316.26 31.62 1000.04 0.00 0.47

4th SW3 406.43 41.98 0.91

x SW5 30.23 3.12 0.07

SW6 33.09 3.42 0.07

SW7 447.56 46.23 1.00

F1 22.20 2.29 0.05

F2 28.70 2.96 968.21 3.18 0.06

SW1 814.09 80.96 1.00

y SW2 69.43 6.90 0.09

SW4 108.61 10.80 1005.53 -0.55 0.13

3rd SW3 494.32 49.90 1.00

x SW5 -12.29 -1.24 -0.02

SW6 -6.10 -0.62 -0.01

SW7 476.62 48.11 0.96

F1 19.63 1.98 0.04

F2 18.40 1.86 990.59 0.94 0.04

SW1 149.66 14.97 0.20

y SW2 731.65 73.17 1.00

SW4 118.17 11.82 1000.00 0.00 0.16

2nd SW3 563.76 56.38 1.00

x SW5 50.66 5.07 0.18

SW6 61.63 6.16 0.08

SW7 279.52 27.95 0.38

F1 61.41 6.14 0.08

F2 50.15 5.02 1067.13 -6.71 0.07

SW1 46.44 4.64 0.06

y SW2 731.65 73.17 1.00

SW4 231.31 23.13 1006.33 -0.63 0.32

Ground SW3 563.76 56.38 1.00

x SW5 50.66 5.07 0.09

SW6 61.63 6.16 0.11

SW7 279.52 27.95 0.50

F1 33.61 3.36 0.06

F2 31.38 3.14 1020.55 -2.06 0.06

SW1 40.00 4.00 0.05

y SW2 731.65 73.17 1.00

SW4 231.31 23.13 1001.58 -0.16 0.32

1000 k              Acting at Roof

Mech 

Roof

V (total story shear)=
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Relative Stiffness check and torsional shear calculations:  

      

Floor Shear Wall R. S. X R. S. Y

Roof SW1 0 0.26

SW2 0.09 0.25

SW3 -0.03 0.12

SW4 -0.05 0.36

SW5 0.61 0

SW6 0.4 0

SW7 0 0

Mech Rf SW1 0 0.27

SW2 0.06 0.26

SW3 -0.03 0.12

SW4 -0.05 0.36

SW5 0.69 -0.01

SW6 0.4 0

SW7 -0.07 0.01

Fourth SW1 0.19 0.26

SW2 0.06 0.26

SW3 -0.03 0.12

SW4 -0.23 0.37

SW5 0.25 0.02

SW6 0.13 0.01

SW7 0.64 -0.03

Third SW1 0.11 0.26

SW2 0.12 0.26

SW3 -0.06 0.13

SW4 -0.18 0.36

SW5 0.31 0.01

SW6 0.15 0.01

SW7 0.57 -0.02

Second SW1 0.1 0.29

SW2 0.1 0.24

SW3 -0.06 0.16

SW4 -0.14 0.32

SW5 0.31 0.01

SW6 0.26 0.01

SW7 0.45 -0.02

Relative Stiffnesses

D
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Torsion 

  

Level δ1 (Ex) δ1 (Ext) δ1 δ2 (Ex) δ2 (Ext) δ2 δavg Ax

Roof 0.189 0.206 0.395 0.188 0.206 0.394 0.395 1.0 1a

Mech Roof 0.141 0.154 0.295 0.141 0.154 0.295 0.295 1.0 1a

4th 0.124 0.136 0.260 0.124 0.135 0.259 0.260 1.0 1a

3rd 0.079 0.083 0.162 0.079 0.086 0.165 0.164 1.0 1a

2nd 0.027 0.030 0.057 0.027 0.030 0.057 0.057 1.0 1a

Level δ1 (Ey) δ1 (Eyt) δ1 δ2 (Ey) δ2 (Eyt) δ2 δavg Ay

Roof 0.345 0.337 0.682 0.843 0.900 1.743 1.212 1.4 1b

Mech Roof 0.250 0.245 0.495 0.622 0.664 1.286 0.891 1.4 1b

4th 0.215 0.211 0.426 0.542 0.579 1.121 0.773 1.5 1b

3rd 0.124 0.121 0.245 0.334 0.357 0.691 0.468 1.5 1b

2nd 0.035 0.034 0.069 0.104 0.111 0.215 0.142 1.6 1b

Irregularity Type 

by Table 12.3-1

δ1 δ2

δ1 δ2

X
 D

ir
e

ct
io

n
Y

 D
ir

e
ct

io
n

Irregularity Type 

by Table 12.3-1

Calculation of Amplification Factor:
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Appendix F Lateral Redesign 

Applied Building Loads 

 

 

 

Weight of Building Area PSF Load (lbs) Story Weight (lbs)

CMU 4310 91 392210

Curtain Wall 2160 20 43200

Concrete Shear Walls 9610 100 961000

Floor 2 12090 67 810030 2206.44

CMU 9140 91 831740

Curtain Wall 2160 20 43200

Concrete Shear Walls 9610 100 961000

Floor 3 21060 105 2211300 4047240

CMU 5920 91 538720

Curtain Wall 2300 20 46000

Concrete Shear Walls 6030 100 603000

Floor 4 21060 67 1411020 2598740

Mechnical (RTU) 35934 35934

CMU 4520 91 411320

Curtain Wall 3500 20 70000

Concrete Shear Walls 8530 100 853000

Roof 17460 80 1396800 2731120

Columns 1870 70 130900 130900

Total Weight (lbs) 9546140.44

(k) 9546
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Design Results 
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Appendix G Breadth – Acoustics 

Reverberation Times 

 

 



 

 

  

Sarah Bednarcik | Structural Option 

SteelStacks Performing Arts Center | Bethlehem, Pennsylvania 

3 April 2013 | Final Report 

107 | P a g e  

 



 

 

  

Sarah Bednarcik | Structural Option 

SteelStacks Performing Arts Center | Bethlehem, Pennsylvania 

3 April 2013 | Final Report 

108 | P a g e  

 



 

 

  

Sarah Bednarcik | Structural Option 

SteelStacks Performing Arts Center | Bethlehem, Pennsylvania 

3 April 2013 | Final Report 

109 | P a g e  

 

 
Volume (ft 3 ) V = 64471.00

Total Surface Area (ft 2 ) Stotal = 11493.03

125 250 500 1000 2000 4000 125 250 500 1000 2000 4000

Wall A 1020.25 Glass curtain wall 0.35 0.25 0.18 0.12 0.07 0.04 357.09 255.06 183.65 122.43 71.42 40.81

Wall B 976.50 Glass curtain wall 0.35 0.25 0.18 0.12 0.07 0.04 341.78 244.13 175.77 117.18 68.36 39.06

Wall C 411.25 GWB - PT 0.29 0.10 0.05 0.04 0.07 0.09 119.26 41.13 20.56 16.45 28.79 37.01

Wall D 217.00 GWB - PT 0.29 0.10 0.05 0.04 0.07 0.09 62.93 21.70 10.85 8.68 15.19 19.53

Wall E 608.13 Glass curtain wall 0.35 0.25 0.18 0.12 0.07 0.04 212.84 152.03 109.46 72.98 42.57 24.33

Wall F 103.89 Acoustic paneling A - 2" 0.37 0.95 0.99 0.99 0.99 0.99 38.44 98.70 102.85 102.85 102.85 102.85

Wall F 83.00 Acoustic paneling B - 1" 0.17 0.41 0.93 0.99 0.99 0.99 14.11 34.03 77.19 82.17 82.17 82.17

Wall F 85.00 Acoustic paneling C - 1/2" 0.12 0.14 0.45 0.90 0.99 0.99 10.20 11.90 38.25 76.50 84.15 84.15

Wall F 195.30 Acoustic paneling D - Perforated Metal 0.30 0.40 0.50 0.50 0.50 0.40 58.59 78.12 97.65 97.65 97.65 78.12

Wall F 314.01 GWB - PT 0.29 0.10 0.05 0.04 0.07 0.09 91.06 31.40 15.70 12.56 21.98 28.26

Wall F 116.20 Doors 0.29 0.10 0.05 0.04 0.07 0.09 33.70 11.62 5.81 4.65 8.13 10.46

Ceiling 583.00 GWB 0.29 0.10 0.05 0.04 0.07 0.09 169.07 58.30 29.15 23.32 40.81 52.47

Ceiling 3098.25 Acoustic Ceiling paneling 0.50 0.85 0.95 0.85 0.95 0.85 1549.13 2633.51 2943.34 2633.51 2943.34 2633.51

Floor 3681.25 Carpet 0.10 0.15 0.25 0.30 0.30 0.30 368.13 552.19 920.31 1104.38 1104.38 1104.38

3426.32 4223.81 4730.54 4475.30 4711.78 4337.11

0.30 0.37 0.41 0.39 0.41 0.38

0.00 0.00 1.83E-04 3.26E-04 7.86E-04 2.56E-03

RT = 0.92 0.75 0.66 0.69 0.64 0.63

RT = 0.78 0.60 0.51 0.55 0.50 0.52

RT = 0.78 0.60 0.51 0.55 0.50 0.52

Reverberation Time Calculator

Surface Description Material Description

S*α (sabins)Sound Absorption Coefficient (α)

Frequency (Hz) Frequency (Hz)

Surface 

Area S 

(ft2)

Calculated Reverberation Time (s)

Σ(S*α) 

Avg. α

Norris-Eyring Reverberation Time (s)

Sabine Reverberation Time (s)

Air Attenuation, m (ft-1)
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Sound Transmission Criteria 
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Cost Comparison 
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