
 
 
 
 
 
 
 
 

Appendix A 
 

Steel Deck Details & Calculations 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Composite Steel Deck Load Calculations: 
 
DL = 45 psf 
LL = 100 psf 
TL = 1.2(45)+1.6(100) = 214 psf 
 
Total slab depth = 4” + 1.5” = 5.5” 
 
Slab Reinforcing: 4” Slab w/ 6x6 – W1.4xW1.4 WWF 
 
Deck Span = 7’-0 
 
Deck Selected from Wheeling Deck Catalog: 
  
 1.5SB Normal Wt., 20 gage, Triple Span  
 WALLOWABLE = 400 psf > WACTUAL = 214 psf;   Acceptable 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 



 
 
 
 
 
 
 
 

Appendix b 
 

RAM Output Designs & Values 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



RAM Takeoffs of Beams & Columns: 
 

 

East Wing Beam Takeoff: 
 

 
 

 

 
 
 
East Wing Column Takeoff: 

 

 



Link Beam Takeoff: 
 

 

 
 

 

 
 
 

Link Column Takeoff: 
 
 

 

 
 
 

 



West Wing Beam Takeoff: 
 

 
 

 

 
 
 
 

West Wing Beam Takeoff: 
 

 









 
 
 
 
 
 
 
 

Appendix C 
 

Calculations of Lateral Loads 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



h (ft.) = 53.19
V (mph) = 90
Category III
I = 1.15
Category B
λ = 1.178

From General Notes on PlansBasic Wind Speed:
Building Category:
Importance Factor:

Table 1-1
Table 6-1
Sec. 6.5.6

Wind Analysis
Simplified Method - ASCE 7 - 02  Sec. 6.4

Ht.& Exposure Adjustment Coeff.:

mean building height (must be < 60'):
Wind Load Factors

Exposure Category:
Fig. 6-2; by interpolation

Zone ps30

A 12.8 ps = λ*I*ps30

B -6.7
C 8.5 I = 1.15
D -4.0 ps30 = 12.8 - (-6.7)

E -15.4 λ: see below
F -8.8
G -10.7
H -6.8

Vertical 
Pressure

Horizontal 
Pressures

 

height λ I 
15 1.00 1.15
20 1.00 1.15
25 1.00 1.15
30 1.00 1.15
35 1.05 1.15
40 1.09 1.15
45 1.12 1.15
50 1.16 1.15
55 1.19 1.15
60 1.22 1.15

ptotal = λ*I*ps30  (psf)
21.42

24.22

21.42
21.42
21.42
22.16
22.74
23.19

24.66

23.78

 

Level plf West East West East
Roof 170.0937 13.01 13.01 20.21 31.09
4th 311.0891 23.80 23.80 36.96 56.87
3rd 280.31 21.44 21.44 33.30 51.24
2nd 278.46 21.30 21.30 33.08 50.90
1st 0 0 0 0 0
Basement ------ ------ ------ ------ ------
Base Shear 79.56 79.56 123.55 190.10

Shears on West Wing & East Wing due to Wind Loads
kips (n-s) kips (e-w)

 

kips (n-s) kips (e-w)
Level plf Link Link
Roof 146.36 18.69 5.15
3rd 280.31 35.80 9.87
2nd 278.46 35.56 9.80
1st 0 0.00 0.00
Basement ------ ------ ------
Base Shear 90.05 24.82

Shears on Link due to Wind Loads

 
 



 
  Building Information for Seismic Analysis: 
 

Haverford, PA Haverford, PA
4 3

13 13
53 39
II II

1.25 1.25
B B

0.35 0.35
0.08 0.08

Site Class Factor:
Fa 1.00 1.00
Fv 1.00 1.00

Adjusted Accelerations
Sms 0.35 0.35
Sm1 0.077 0.077

Spectral Response Accelerations
SDS 0.233 0.233
SD1 0.051 0.051

Seismic Design Category B B

Seismic Information East & West Wings Link

Building Location
# of stories
inner story ht.
Bldg. height
Seismic Use Group
Importance Factor
Site Classification
0.2s Acceleration
1.0s Acceleration

 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Vertical Distribution of Seismic Forces 
0.946

Level, x wx hx wxhx
k Cvx Fx Vx Mx 

(kips) (ft) (kips) (kips) (ft-kips)
-          0.000 -          -          

Roof 1297 53 55,579    0.263 73           -          3,860      
4 2389 39 76,562    0.362 100         73           3,913      
3 2389 26 52,162    0.247 68           173         1,777      
2 2389 13 27,068    0.128 35           242         461         
1 277         

Σ = Σ = Σ = Σ = Σ =
8464 211370 1.000 277 10011

Vertical Distribution of Seismic Forces
0.906

Level, x wx hx wxhx
k Cvx Fx Vx Mx 

(kips) (ft) (kips) (kips) (ft-kips)
-          0.000 -          -          

Roof 561 39 15,516    0.333 37           -          1,432      
3 1057 26 20,227    0.435 48           37           1,245      
2 1057 13 10,794    0.232 26           85           332         
1 110         

Σ = Σ = Σ = Σ = Σ =
2674 46537 1.000 110 3009

Vertical Distribution of Seismic Forces
0.946

Level, x wx hx wxhx
k Cvx Fx Vx Mx 

(kips) (ft) (kips) (kips) (ft-kips)
-          0.000 -          -          

Roof 892 53 38,203    0.262 50           -          2,655      
4 1650 39 52,873    0.363 69           50           2,703      
3 1650 26 36,023    0.247 47           119         1,228      
2 1650 13 18,693    0.128 25           167         319         
1 191         

Σ = Σ = Σ = Σ = Σ =
5841 145792 1.000 191 6904

Seismic Analysis

East Wing

kN-S = 1+ (TN-S - 0.5)/(2.5 - 0.5) = 

Link

kN-S = 1+ (TN-S - 0.5)/(2.5 - 0.5) = 

kE-W = 1+ (TE -W 0.5)/(2.5 - 0.5) = 

West Wing

 



East Wing

L 162.67
W 76.5
centroid,y 81.335
centroid,x  38.25
ycr 73.25
xcr 38.25
eacc,y 8.1335
eacc,x 3.825
etotal,y 16.2185
etotal,x 3.825

E-W frames

Story Force M k di di
2 Ftorsion k di di

2 Ftorsion k di di
2 Ftorsion Σki*di

2

4 86.5 2805.801 1 -44.3665 1968.386 -21.16575 1 59.8835 3586.034 28.56838 0.46 13.33 177.6889 2.925273 5881.367
3 34 1102.858 1 -44.3665 1968.386 -8.319485 1 59.8835 3586.034 11.22919 0.46 13.33 177.6889 1.149818 5881.367
2 17.5 567.6475 1 -44.3665 1968.386 -4.282088 1 59.8835 3586.034 5.779731 0.46 13.33 177.6889 0.591818 5881.367
1 0 0 1 -44.3665 1968.386 0 1 59.8835 3586.034 0 0.46 13.33 177.6889 0 5881.367

N-S frames

Story Force M k di di
2 Ftorsion k di di

2 Ftorsion k di di
2 Ftorsion Σki*di

2

4 43.25 661.725 1 -44.3665 1968.386 -4.816077 1 59.8835 3586.034 6.50048 0.46 17.155 294.294 0.856617 6095.921
3 17 260.1 1 -44.3665 1968.386 -1.893024 1 59.8835 3586.034 2.555102 0.46 17.155 294.294 0.336705 6095.921
2 8.75 133.875 1 -44.3665 1968.386 -0.974351 1 59.8835 3586.034 1.315126 0.46 17.155 294.294 0.173304 6095.921
1 0 0 1 -44.3665 1968.386 0 1 59.8835 3586.034 0 0.46 17.155 294.294 0 6095.921

Lateral Forces on Steel Braced Frames Due to Torsion

Frame 1 Frame 2 Frame 3, 4, 5, 6

Frame 1 Frame 2 Frame 3, 4, 5, 6



Link

L 104
W 26
centroid,x 52
centroid,y 13
ycr 13
xcr 38.83
eacc,x 5.2
eacc,y 1.3
etotal,x 18.37
etotal,y 1.3

E-W frames

Story Force M k di di
2 Ftorsion k di di

2 Ftorsion k di di
2 Ftorsion Σki*di

2

4 18.5 48.1 1 14.3 204.49 0.205108 1 14.3 204.49 0.205108 0.74 -31.54 994.7716 -0.334765 3353.504
3 24 62.4 1 14.3 204.49 0.266086 1 14.3 204.49 0.266086 0.74 -31.54 994.7716 -0.434289 3353.504
2 13 33.8 1 14.3 204.49 0.14413 1 14.3 204.49 0.14413 0.74 -31.54 994.7716 -0.23524 3353.504
1 0 0 1 14.3 204.49 0 1 14.3 204.49 0 0.74 -31.54 994.7716 0 3353.504

N-S frames

Story Force M k di di
2 Ftorsion k di di

2 Ftorsion k di di
2 Ftorsion Σki*di

2

4 37 679.69 1 14.3 204.49 2.898332 1 14.3 204.49 2.898332 0.74 -31.54 994.7716 -4.730483 3353.504
3 48 881.76 1 14.3 204.49 3.759998 1 14.3 204.49 3.759998 0.74 -31.54 994.7716 -6.136843 3353.504
2 26 477.62 1 14.3 204.49 2.036666 1 14.3 204.49 2.036666 0.74 -31.54 994.7716 -3.324123 3353.504
1 0 0 1 14.3 204.49 0 1 14.3 204.49 0 0.74 -31.54 994.7716 0 3353.504

Lateral Forces on Steel Braced Frames Due to Torsion

Frame 7 Frame 8 Frame 9

Frame 7 Frame 8 Frame 9



West Wing

L 111
W 76
centroid,y 55.5
centroid,x  38
ycr 63.17
xcr 39.9
eacc,y 5.55
eacc,x 3.8
etotal,y 13.22
etotal,x 5.7

E-W frames

Story Force M k di di
2 Ftorsion k di di

2 Ftorsion k di di
2 Ftorsion Σki*di

2

4 59.5 1573.18 0.85 -42.28 1787.598 -9.390685 1 68.72 4722.438 15.26319 0.48 20.93 438.0649 2.231376 7082.982
3 23.5 621.34 0.85 -42.28 1787.598 -3.708926 1 68.72 4722.438 6.028321 0.48 20.93 438.0649 0.8813 7082.982
2 12.5 330.5 0.85 -42.28 1787.598 -1.972833 1 68.72 4722.438 3.206554 0.48 20.93 438.0649 0.468776 7082.982
1 0 0 0.85 -42.28 1787.598 0 1 68.72 4722.438 0 0.48 20.93 438.0649 0 7082.982

N-S frames

Story Force M k di di
2 Ftorsion k di di

2 Ftorsion k di di
2 Ftorsion Σki*di

2

4 29.75 678.3 0.85 -42.28 1787.598 -4.048934 1 68.72 4722.438 6.580954 0.48 20.93 438.0649 0.962091 7082.982
3 11.75 267.9 0.85 -42.28 1787.598 -1.599159 1 68.72 4722.438 2.5992 0.48 20.93 438.0649 0.379986 7082.982
2 6.25 142.5 0.85 -42.28 1787.598 -0.850616 1 68.72 4722.438 1.382553 0.48 20.93 438.0649 0.20212 7082.982
1 0 0 0.85 -42.28 1787.598 0 1 68.72 4722.438 0 0.48 20.93 438.0649 0 7082.982

Lateral Forces on Steel Braced Frames Due to Torsion

Frame 10 Frame 11 Frame 12, 13, 14, 15

Frame 10 Frame 11 Frame 12, 13, 14, 15



 
 
 
 
 
 
 
 

Appendix D 
 

STAAD Deflections & Diagrams 
 of Proposed Steel Braced Frames 
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rX

(rad)
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(rad)
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(rad)
Max X 4 4:COMBINATIO  0.033 -0.163  0.000  0.166  0.000  0.000 -0.000
Min X 10 6:COMBINATIO -0.908 -0.157  0.000  0.921  0.000  0.000  0.002
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Max rX 1 1:DEAD  0.000  0.000  0.000  0.000  0.000  0.000  0.000
Min rX 1 1:DEAD  0.000  0.000  0.000  0.000  0.000  0.000  0.000
Max rY 1 1:DEAD  0.000  0.000  0.000  0.000  0.000  0.000  0.000
Min rY 1 1:DEAD  0.000  0.000  0.000  0.000  0.000  0.000  0.000
Max rZ 10 6:COMBINATIO -0.908 -0.157  0.000  0.921  0.000  0.000  0.002
Min rZ 3 4:COMBINATIO  0.000  0.000  0.000  0.000  0.000  0.000 -0.000

Max Rst 9 6:COMBINATIO -0.850 -0.500  0.000  0.986  0.000  0.000  0.001
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Node Displacement Summary
Node L/C X

(in)
Y
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Z

(in)
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rX

(rad)
rY

(rad)
rZ

(rad)
Max X 9 3:EQ  0.982  0.181  0.000  0.999  0.000  0.000 -0.002
Min X 2 4:1.2D+1.6L -0.008 -0.017  0.000  0.019  0.000  0.000  0.000
Max Y 9 3:EQ  0.982  0.181  0.000  0.999  0.000  0.000 -0.002
Min Y 10 6:1.2D+EQ+L  0.965 -0.233  0.000  0.992  0.000  0.000 -0.002
Max Z 1 1:DEAD  0.000  0.000  0.000  0.000  0.000  0.000  0.000
Min Z 1 1:DEAD  0.000  0.000  0.000  0.000  0.000  0.000  0.000

Max rX 1 1:DEAD  0.000  0.000  0.000  0.000  0.000  0.000  0.000
Min rX 1 1:DEAD  0.000  0.000  0.000  0.000  0.000  0.000  0.000
Max rY 1 1:DEAD  0.000  0.000  0.000  0.000  0.000  0.000  0.000
Min rY 1 1:DEAD  0.000  0.000  0.000  0.000  0.000  0.000  0.000
Max rZ 1 4:1.2D+1.6L  0.000  0.000  0.000  0.000  0.000  0.000  0.000
Min rZ 9 6:1.2D+EQ+L  0.979  0.122  0.000  0.987  0.000  0.000 -0.002

Max Rst 9 3:EQ  0.982  0.181  0.000  0.999  0.000  0.000 -0.002



Chris Shelow

Software licensed to PENN STATE UNIVERSITY

 Job Title

 Client

 Job No  Sheet No  Rev

 Part

 Ref

 By  Date Chd

File Date/Time

 1 

14-Mar-06

02-Apr-2006 19:36new West Wing K brace.s

 Print Time/Date: 03/04/2006 11:18 Print Run 1 of 2STAAD.Pro for Windows Release 2004

W12X40
W10X39

W12X14

W12X40

W10X39

W10X39

W12X40

W12X14

W12X14

W12X40

W10X39

W10X39

W12X40

W12X14

W12X14

W12X40

W10X39

W10X39

W12X40

W12X14

W12X14

W10X39
W12X40

W12X14

DisplacementLoad 6 : 
X

Y

Z

Whole Structure Displacements 0.5in:1ft 6 1.2D+L+E



Chris Shelow

Software licensed to PENN STATE UNIVERSITY

 Job Title

 Client

 Job No  Sheet No  Rev

 Part

 Ref

 By  Date Chd

File Date/Time

 2 

14-Mar-06

02-Apr-2006 19:36new West Wing K brace.s

 Print Time/Date: 03/04/2006 11:18 Print Run 2 of 2STAAD.Pro for Windows Release 2004

Node Displacement Summary
Node L/C X

(in)
Y
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Z

(in)
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(in)
rX

(rad)
rY

(rad)
rZ

(rad)
Max X 9 3:EQ  0.831  0.115  0.000  0.839  0.000  0.000 -0.001
Min X 5 4:1.2D+1.6L -0.023 -0.083  0.000  0.086  0.000  0.000  0.000
Max Y 9 3:EQ  0.831  0.115  0.000  0.839  0.000  0.000 -0.001
Min Y 10 6:1.2D+L+E  0.738 -0.211  0.000  0.768  0.000  0.000 -0.001
Max Z 1 1:DEAD  0.000  0.000  0.000  0.000  0.000  0.000  0.000
Min Z 1 1:DEAD  0.000  0.000  0.000  0.000  0.000  0.000  0.000

Max rX 1 1:DEAD  0.000  0.000  0.000  0.000  0.000  0.000  0.000
Min rX 1 1:DEAD  0.000  0.000  0.000  0.000  0.000  0.000  0.000
Max rY 1 1:DEAD  0.000  0.000  0.000  0.000  0.000  0.000  0.000
Min rY 1 1:DEAD  0.000  0.000  0.000  0.000  0.000  0.000  0.000
Max rZ 10 4:1.2D+1.6L  0.000 -0.128  0.000  0.128  0.000  0.000  0.000
Min rZ 9 6:1.2D+L+E  0.831  0.019  0.000  0.831  0.000  0.000 -0.002

Max Rst 9 3:EQ  0.831  0.115  0.000  0.839  0.000  0.000 -0.001
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Node Displacement Summary
Node L/C X

(in)
Y

(in)
Z

(in)
Resultant

(in)
rX

(rad)
rY

(rad)
rZ

(rad)
Max X 9 3:EQ  0.711  0.126  0.000  0.722  0.000  0.000 -0.002
Min X 2 4:1.2D+1.6L -0.020 -0.057  0.000  0.061  0.000  0.000  0.000
Max Y 9 3:EQ  0.711  0.126  0.000  0.722  0.000  0.000 -0.002
Min Y 10 6:1.2D+1.0L+1  0.702 -0.225  0.000  0.737  0.000  0.000 -0.001
Max Z 1 1:DEAD  0.000  0.000  0.000  0.000  0.000  0.000  0.000
Min Z 1 1:DEAD  0.000  0.000  0.000  0.000  0.000  0.000  0.000

Max rX 1 1:DEAD  0.000  0.000  0.000  0.000  0.000  0.000  0.000
Min rX 1 1:DEAD  0.000  0.000  0.000  0.000  0.000  0.000  0.000
Max rY 1 1:DEAD  0.000  0.000  0.000  0.000  0.000  0.000  0.000
Min rY 1 1:DEAD  0.000  0.000  0.000  0.000  0.000  0.000  0.000
Max rZ 1 4:1.2D+1.6L  0.000  0.000  0.000  0.000  0.000  0.000  0.000
Min rZ 9 6:1.2D+1.0L+1  0.710  0.022  0.000  0.710  0.000  0.000 -0.002

Max Rst 10 6:1.2D+1.0L+1  0.702 -0.225  0.000  0.737  0.000  0.000 -0.001
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Node Displacement Summary
Node L/C X

(in)
Y

(in)
Z

(in)
Resultant

(in)
rX

(rad)
rY

(rad)
rZ

(rad)
Max X 9 3:EQ  0.787  0.052  0.000  0.789  0.000  0.000 -0.001
Min X 5 4:1.2D+1.6L -0.007 -0.020  0.000  0.021  0.000  0.000 -0.000
Max Y 9 3:EQ  0.787  0.052  0.000  0.789  0.000  0.000 -0.001
Min Y 10 6:1.2D+E+L  0.758 -0.072  0.000  0.762  0.000  0.000 -0.001
Max Z 1 1:DEAD  0.000  0.000  0.000  0.000  0.000  0.000  0.000
Min Z 1 1:DEAD  0.000  0.000  0.000  0.000  0.000  0.000  0.000

Max rX 1 1:DEAD  0.000  0.000  0.000  0.000  0.000  0.000  0.000
Min rX 1 1:DEAD  0.000  0.000  0.000  0.000  0.000  0.000  0.000
Max rY 1 1:DEAD  0.000  0.000  0.000  0.000  0.000  0.000  0.000
Min rY 1 1:DEAD  0.000  0.000  0.000  0.000  0.000  0.000  0.000
Max rZ 1 4:1.2D+1.6L  0.000  0.000  0.000  0.000  0.000  0.000  0.000
Min rZ 5 7:0.9D+E  0.444  0.042  0.000  0.446  0.000  0.000 -0.002

Max Rst 9 3:EQ  0.787  0.052  0.000  0.789  0.000  0.000 -0.001
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Node Displacement Summary
Node L/C X

(in)
Y

(in)
Z

(in)
Resultant

(in)
rX

(rad)
rY

(rad)
rZ

(rad)
Max X 9 3:EQ  0.971  0.141  0.000  0.981  0.000  0.000 -0.002
Min X 7 4:1.2D+1.6L -0.013 -0.139  0.000  0.140  0.000  0.000 -0.000
Max Y 9 3:EQ  0.971  0.141  0.000  0.981  0.000  0.000 -0.002
Min Y 10 6:1.2D+1.0L+1  0.951 -0.248  0.000  0.983  0.000  0.000 -0.002
Max Z 1 1:DEAD  0.000  0.000  0.000  0.000  0.000  0.000  0.000
Min Z 1 1:DEAD  0.000  0.000  0.000  0.000  0.000  0.000  0.000

Max rX 1 1:DEAD  0.000  0.000  0.000  0.000  0.000  0.000  0.000
Min rX 1 1:DEAD  0.000  0.000  0.000  0.000  0.000  0.000  0.000
Max rY 1 1:DEAD  0.000  0.000  0.000  0.000  0.000  0.000  0.000
Min rY 1 1:DEAD  0.000  0.000  0.000  0.000  0.000  0.000  0.000
Max rZ 10 4:1.2D+1.6L  0.000 -0.148  0.000  0.148  0.000  0.000  0.000
Min rZ 5 3:EQ  0.407  0.127  0.000  0.426  0.000  0.000 -0.002

Max Rst 10 6:1.2D+1.0L+1  0.951 -0.248  0.000  0.983  0.000  0.000 -0.002



 
 
 
 
 
 
 
 

Appendix E 
 

Calculations of Typical Steel 
Connections 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



Typical Steel Connection Calculations: 
 
Beam-To-Girder Bolted-Bolted Connection: 

 
Beam used: W10x12   Girder used: W21x44 
 
Vu = 20.73 kips    MU = 20.73*2” = 41.46”k 
 
use A325N bolts w/ ¾” diameter:  ΦRn = 15.9 kips 
 
Cmin = Vu / ΦRn = 1.303 bolts; therefore use 2 bolts 
 
Try an L3.5”x3.5”x0.5” with a length of 6” 
 

 Limit State Checks: 
Angle Shear Yield: 
 ΦRn = 0.9(0.6FyAg) = 0.9*0.6*36*6*0.5 
  = 58.32 kips > 20.73 kips;   ok 
 
Angle Shear Rupture: 
 ΦRn = 0.75(0.6FuAn) = 55.46 kips > 20.73 Kips;  ok 
 
Angle Block Shear: 
 Tension Rupture = 46.2 K 
 Shear Yield = 72.9 k 
 Shear Rupture = 83.2 k 
 Tension Yield = 40.5 k 
  
 ΦRn = 0.5(83.2+40.5) = 61.85 K > 20.73 K; ok 
 
Angle Flexural Yield: 

 ΦMn = 0.9(FySx) = 97.2”k > 41.46”k;  ok 
 
Angle Flexural Rupture: 
 Snet = 2.34 
 ΦMn = ΦFu*Snet = 101.79”k > 41.46”k;  ok 
 
 
Beam Web Block Shear: 
 Tension Rupture = 51.8 K 
 Shear Yield = 101 k 
 Shear Rupture = 93.2 k 
 Tension Yield = 56.3 k 
 
 ΦRn = 0.19(93.2+51.8) = 27.55 k >20.73 k; ok 
 
Coped Beam Flexure: 
 ΦFbc = 58.04 < 0.9*50 = 45; therefore use 45 
 ΦMn = ΦFbc*Snet = 130.95”k > 41.46”k; ok 



Bearing/T.O. & Bolt Shear: 
 Angle Bearing = 2.4Fu*t = 52.2 k 
 T.O.EDGE = 1.2Fu*t*le = 29.4 k 
 T.O.OTHER = 76.1 k 
 Beam Bearing = 22.23 k 
 T.O.EDGE = 12.5 k 
 
 ΦRn = 0.75(12.5)+15.9 = 25.3 k > 20.73 k; ok 

 
 

 
 
 
Girder-To-Column Bolted-Bolted Connection: 

 
girder used: W21x44   Column used: W10x33 
 
Vu = 68.56 kips    MU =68.56*1.5”=102.86”k 
 
use A325N bolts w/ ¾” diameter:  ΦRn = 15.9 kips 
 
Cmin = Vu / ΦRn = 4.3 bolts; therefore use 6 bolts 
 
Try an L3”x3”x0.5” with a length of 18” 
 

 Limit State Checks: 
Angle Shear Yield: 
 ΦRn = 0.9(0.6FyAg) = 0.9*0.6*36*18*0.5 
  = 174.96 kips > 68.56 kips;   ok 
 
Angle Shear Rupture: 
 ΦRn = 0.75(0.6FuAn) = 166.4 kips > 68.56 Kips;  ok 
 
Angle Block Shear: 
 Tension Rupture = 46.2 K 
 Shear Yield = 267 k 
 Shear Rupture = 305 k 
 Tension Yield = 40.5 k 
  
 ΦRn = 0.5(305+40.5) = 172.8 K > 68.56 K; ok 
 
Angle Flexural Yield: 

 ΦMn = 0.9(FySx) = 874.8”k > 102.84”k;  ok 
 

Angle Flexural Rupture: 
 Snet = 19.3 
 ΦMn = ΦFu*Snet = 839.6”k > 102.84”k;  ok 
 

 



Bearing/T.O. & Bolt Shear: 
 Angle Bearing = 2.4Fu*t = 52.2 k 
 T.O.EDGE = 1.2Fu*t*le = 29.4 k 
 T.O.OTHER = 76.1 k 
 Beam Bearing = 40.95 k 
 T.O.EDGE = 23.03 k 
 T.O.OTHER = 53.27 k 
 

 ΦRn = 15.9*6 = 95.4 k > 68.56 k; ok 



 
 
 
 
 
 
 
 

Appendix F 
 

C.M. Cost Comparisons & Construction 
Schedules 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 



Cost Breakdown for Existing Precast Concrete System 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Length (total)

ft. Mat. Labor Equip. Total

18X26

16X16

20X20

TOTAL = 332267.00

Number
# Mat. Labor Equip. Total

24x12 151 790.00 88.00 48.00 926.00 139826.00
12x20 60 780.00 88.00 48.00 916.00 54960.00

20x16 54 805.00 88.00 48.00 941.00 50814.00

TOTAL = 245600.00

Area (total)
sq. ft. Mat. Labor Equip. Total

10" hollow 91697.81 6.10 0.78 0.43 7.31 670310.99

TOTAL = 670311.00

Area (total)
sq. ft. Mat. Labor Equip. Total

2" topping 91697.81 1.04 0.67 0.27 1.98 181561.66

TOTAL = 181561.66

CONCRETE TOPPING

Size Cost / sq. ft.
Total     Cost

PRECAST PLANK

Size Cost Info.
Total     Cost

3172 332267

BEAMS

Size
Cost Info.

Total     Cost

74.5 19.55 10.7 104.75

COLUMNS

Size
Cost / ft

Total     Cost



Area (total)

sq. ft. Mat. Labor Equip. Total

8" 360 1.81 2.76 4.57 1645.2
10" 3406 2.27 2.84 5.11 17404.66

12" 1911 2.46 3.58 6.04 11542.44
14" 1144 2.67 3.58 6.25 7150

TOTAL = 37742.30

Area (total)
sq. ft. Mat. Labor Equip. Total

8" thick 6300 10.88 4.15 4 19.03 119889

TOTAL = 119889.00

CMU BEARING WALLS

Size
Cost / sq. ft.

Total     Cost

PC SHEAR WALLS

Size Cost / sq. ft.
Total     Cost

 
 
 
 
 
 
 

Building Cost Summary for Existing Precast System 
 

Structure component System Cost
P.C. Columns 332267.00
P.C. Beams 245600.00
Precast Planks 670311.00
Concrete Topping 181561.66
CMU Bearing Walls 37742.30
P.C. Shear Walls 119889.00

Total Cost: 1587370.96

Building Cost Breakdown

 
 
 
 
 
 
 
 
 
 



Cost Breakdown for Proposed Structural Steel System 
 

Length (total)

ft. Mat. Labor Equip. Total

W8X10 8759.87 10.45 3.63 2.38 16.46 144187.46
W10X12 6341.09 12.55 3.63 2.38 18.56 117690.63
W12X14 1155.76 14.65 2.48 1.62 18.75 21670.50
W12X16 272.92 17.45 2.48 1.62 21.55 5881.43
W12X19 111.83 23.00 2.48 1.62 27.10 3030.59
W14X22 1135.25 23.00 2.20 1.44 26.64 30243.06
W16X26 591.34 27.00 2.18 1.43 30.61 18100.92
W16X31 284.84 32.50 2.42 1.59 36.51 10399.51
W18X35 321.08 36.50 3.28 1.58 41.36 13279.87
W18X40 569.92 42.00 3.28 1.58 46.86 26706.45
W21X44 1182.83 46.00 2.96 1.42 50.38 59590.98
W21X50 63 52.50 2.96 1.42 56.88 3583.44

W24X55 63 57.50 2.84 1.37 61.71 3887.73
W24X62 63 65.00 2.84 1.37 69.21 4360.23

W24X76 84.25 79.50 2.84 1.37 83.71 7052.57

TOTAL = 469665.36

Length (total)

ft. Mat. Labor Equip. Total

W10X33 2379 34.50 3.96 2.59 41.05 97657.95
W10X39 312 40.68 3.96 2.59 47.23 14735.76
W10X45 208 46.90 3.96 2.59 53.45 11117.60
W10X49 13 51.00 3.96 2.59 57.55 748.15
W12X40 806 42.00 2.69 1.76 46.45 37438.70

W12X45 13 46.90 2.90 1.90 51.70 672.10

TOTAL = 162370.26

Total     Cost

Cost Info.
Size

BEAMS

COLUMNS

Size
Cost Info.

Total     Cost

 
 
 
 
 
 
 



Length (total)
ft. Mat. Labor Equip. Total

W10X39 921.1 40.68 3.96 2.59 47.23 43503.55

W10X45 123.17 46.90 3.96 2.59 53.45 6583.44
W10X49 627.17 51.00 3.96 2.59 57.55 36093.63
W12X22 326.75 23.00 2.48 1.62 27.10 8854.93

TOTAL = 95035.548

Area (total)
sq. ft. Mat. Labor Equip. Total

gage 91697.81 1.14 0.26 0.02 1.42 130210.89

TOTAL = 130210.89

Area (total)
sq. ft. Mat. Labor Equip. Total

WWF 6X6 
W1.4XW1.4 91697.81 12 18.05 0 30.05 27555.19191

TOTAL = 27555.19

Area (total)
sq. ft. Mat. Labor Equip. Total

4"+1.5" deck 91697.81 1.18 0.66 0.27 2.11 193482.38

TOTAL = 193482.38

LATERAL BRACES

Size Cost Info.
Total     Cost

METAL DECK

Size
Cost / sq. ft.

Total     Cost

WWF SLAB REINFORCING

Size Cost / 100 sq. ft
Total     Cost

COMPOSITE CONCRETE SLAB

Size Cost / 100 sq. ft
Total     Cost

 
 
 

 
 
 
 
 
 
 



Number
# Mat. Labor Equip. Total

3/4" DIA.,    4" 
LONG 16663 0.46 0.69 0.28 1.43 23828.09

TOTAL = 23828.09

Area (total)
sq. ft. Mat. Labor Equip. Total

DECK 91697.81 0.62 0.54 0.09 1.25 114622.2625

BEAMS 73499.93 0.41 0.45 0.07 0.93 85278.9633
COLUMNS 14700.14 0.88 0.97 0.15 2 29400.28

TOTAL = 229301.51

Area (total)
sq. ft. Mat. Labor Equip. Total

L3.5X3.5X0.5 576 8 3.45 2.21 13.66 7868.16
L3X3X0.5 1722 7.5 3.45 2.21 13.16 22661.52

TOTAL = 30529.68

FIREPROOFING

Component
Cost / 100 sq. ft

Total     Cost

SHEAR STUDS

Size Cost / 100 sq. ft
Total     Cost

CONNECTIONS

Size Cost / 100 sq. ft
Total     Cost

 
 
 
 

Building Cost Summary for Existing Precast System 
 
 

Structure component System Cost
Structural Beams 469665.36
Structural Columns 162370.26
Lateral Braces 95035.548
Metal Deck 130210.89
WWF Slab Reinforcing 27555.19
Concrete Slab 193482.38
Fireproofing 229301.51
Connections 30529.68
Shear Studs 23828.09

Total Cost: 1361978.902

Building Cost Breakdown

 



Building Cost Comparison of Both Structural System 
 

 

Building System System Cost Cost/sq. ft.
Steel System 1361978.90 14.85
Precast System 1587370.96 17.31

Total Savings: 225392.06
% Savings: 14

Building Cost Breakdown

 



ID Task Name Duration Start Finish Predecessors

1 Precast Package 99 days Wed 3/22/06 Mon 8/7/06

2 East Wing 41 days Wed 3/22/06 Wed 5/17/06

3 Precast Members 32 days Wed 3/22/06 Thu 5/4/06

4 Precast Columns 13 days Fri 3/24/06 Tue 4/11/06 5

5 Precast Beams (1st Floor) 2 days Wed 3/22/06 Thu 3/23/06

6 Precast Beams (2nd Floor) 2 days Thu 4/13/06 Fri 4/14/06 5,4,10,15

7 Precast Beams (3rd Floor) 2 days Mon 4/24/06 Tue 4/25/06 6,11,16

8 Precast Beams (4th Floor) 2 days Wed 5/3/06 Thu 5/4/06 7,12,17

9 Precast Plank 34 days Fri 3/24/06 Wed 5/10/06

10 Precast Plank (1st Floor) 4 days Fri 3/24/06 Wed 3/29/06 5

11 Precast Plank (2nd Floor) 4 days Mon 4/17/06 Thu 4/20/06 10,6

12 Precast Plank (3rd Floor) 4 days Wed 4/26/06 Mon 5/1/06 11,7

13 Precast Plank (4th Floor) 4 days Fri 5/5/06 Wed 5/10/06 8,12

14 Shear Walls 22 days Wed 4/12/06 Thu 5/11/06

15 Shear Walls (1st Floor) 1 day Wed 4/12/06 Wed 4/12/06 4,5,10

16 Shear Walls (2nd Floor) 1 day Fri 4/21/06 Fri 4/21/06 4,6,11,15

17 Shear Walls (3rd Floor) 1 day Tue 5/2/06 Tue 5/2/06 4,16,7,12

18 Shear Walls (4th Floor) 1 day Thu 5/11/06 Thu 5/11/06 17,8,13,4

19 Concrete Topping 25 days Thu 4/13/06 Wed 5/17/06

20 Concrete Topping (1st Floor) 5 days Thu 4/13/06 Wed 4/19/06 5,10,15

21 Concrete Topping (2nd Floor) 5 days Mon 4/24/06 Fri 4/28/06 6,11,20,16

22 Concrete Topping (3rd Floor) 5 days Wed 5/3/06 Tue 5/9/06 7,12,21,17

23 Concrete Topping (4th Floor) 5 days Thu 5/11/06 Wed 5/17/06 8,13,22

24 The Link 28 days Thu 5/18/06 Mon 6/26/06 2

25 Precast Plank 19 days Thu 5/18/06 Tue 6/13/06

26 Precast Plank (1st Floor) 1 day Thu 5/18/06 Thu 5/18/06

27 Precast Plank (2nd Floor) 1 day Wed 5/31/06 Wed 5/31/06 26,30

28 Precast Plank (3rd Floor) 1 day Tue 6/13/06 Tue 6/13/06 27,31

29 CMU Bearing Walls 26 days Fri 5/19/06 Fri 6/23/06

30 CMU Walls (1st Floor) 8 days Fri 5/19/06 Tue 5/30/06 26

31 CMU Walls (2nd Floor) 8 days Thu 6/1/06 Mon 6/12/06 27,30

32 CMU Walls (3rd Floor) 8 days Wed 6/14/06 Fri 6/23/06 28,31

33 Shear Walls 19 days Fri 5/19/06 Wed 6/14/06

34 Shear Walls (1st Floor) 1 day Fri 5/19/06 Fri 5/19/06 26

35 Shear Walls (2nd Floor) 1 day Thu 6/1/06 Thu 6/1/06 27,34

36 Shear Walls (3rd Floor) 1 day Wed 6/14/06 Wed 6/14/06 28,35

37 Concrete Topping 19 days Wed 5/31/06 Mon 6/26/06

38 Concrete Topping (1st Floor) 1 day Wed 5/31/06 Wed 5/31/06 26,30,34

39 Concrete Topping (2nd Floor) 1 day Tue 6/13/06 Tue 6/13/06 27,31,35,38

40 Concrete Topping (3rd Floor) 1 day Mon 6/26/06 Mon 6/26/06 28,32,36,39

41 West Wing 30 days Tue 6/27/06 Mon 8/7/06 24

42 Precast Members 23 days Tue 6/27/06 Thu 7/27/06

43 Precast Columns 10 days Wed 6/28/06 Tue 7/11/06 44

44 Precast Beams (1st Floor) 1 day Tue 6/27/06 Tue 6/27/06

45 Precast Beams (2nd Floor) 1 day Thu 7/13/06 Thu 7/13/06 43,44,49,54

46 Precast Beams (3rd Floor) 1 day Thu 7/20/06 Thu 7/20/06 43,45,50,55

47 Precast Beams (4th Floor) 1 day Thu 7/27/06 Thu 7/27/06 43,46,51,56

48 Precast Plank 25 days Wed 6/28/06 Tue 8/1/06

49 Precast Plank (1st Floor) 3 days Wed 6/28/06 Fri 6/30/06 44

50 Precast Plank (2nd Floor) 3 days Fri 7/14/06 Tue 7/18/06 45,54,49

51 Precast Plank (3rd Floor) 3 days Fri 7/21/06 Tue 7/25/06 46,50,55

52 Precast Plank (4th Floor) 3 days Fri 7/28/06 Tue 8/1/06 47,51,56

53 Shear Walls 16 days Wed 7/12/06 Wed 8/2/06

54 Shear Walls (1st Floor) 1 day Wed 7/12/06 Wed 7/12/06 44,49,43

55 Shear Walls (2nd Floor) 1 day Wed 7/19/06 Wed 7/19/06 50,54

56 Shear Walls (3rd Floor) 1 day Wed 7/26/06 Wed 7/26/06 51,55

57 Shear Walls (4th Floor) 1 day Wed 8/2/06 Wed 8/2/06 52,56

58 Concrete Topping 18 days Thu 7/13/06 Mon 8/7/06

59 Concrete Topping (1st Floor) 3 days Thu 7/13/06 Mon 7/17/06 43,54,49

60 Concrete Topping (2nd Floor) 3 days Thu 7/20/06 Mon 7/24/06 50,55

61 Concrete Topping (3rd Floor) 3 days Thu 7/27/06 Mon 7/31/06 51,56

62 Concrete Topping (4th Floor) 3 days Thu 8/3/06 Mon 8/7/06 52,57
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ID Task Name Duration Start Finish Predecessors

1 Steel Package 133 days Wed 3/22/06 Fri 9/22/06

2 East Wing 59 days Wed 3/22/06 Mon 6/12/06

3 Structural Steel 46 days Wed 3/22/06 Wed 5/24/06

4 Columns (1st - 2nd) 2 days Tue 3/28/06 Wed 3/29/06 6

5 Columns (3rd - 4th) 2 days Tue 4/11/06 Wed 4/12/06 4,6,7,8

6 First Floor Steel 4 days Wed 3/22/06 Mon 3/27/06

7 Second Floor Steel 4 days Thu 3/30/06 Tue 4/4/06 4,6

8 Third Floor Steel 4 days Wed 4/5/06 Mon 4/10/06 7,4

9 Fourth Floor Steel 4 days Thu 4/13/06 Tue 4/18/06 8,5

10 First Floor Metal Deck 9 days Wed 4/5/06 Mon 4/17/06 4,6,7

11 Second Floor Metal Deck 9 days Tue 4/18/06 Fri 4/28/06 4,5,7,8,10

12 Third Floor Metal Deck 9 days Mon 5/1/06 Thu 5/11/06 5,8,9,11

13 Fourth Floor Metal Deck 9 days Fri 5/12/06 Wed 5/24/06 9,12,5

14

15 Cast-in-place Concrete 32 days Tue 4/18/06 Wed 5/31/06

16 First Floor Slab on Deck 5 days Tue 4/18/06 Mon 4/24/06 10

17 Second Floor Slab on Deck 5 days Mon 5/1/06 Fri 5/5/06 11,16

18 Third Floor Slab on Deck 5 days Fri 5/12/06 Thu 5/18/06 12,17

19 Fourth Floor Slab on Deck 5 days Thu 5/25/06 Wed 5/31/06 13,18

20

21 Fireproofing 35 days Tue 4/25/06 Mon 6/12/06

22 First Floor Fireproofing 8 days Tue 4/25/06 Thu 5/4/06 10,16

23 Second Floor Fireproofing 8 days Mon 5/8/06 Wed 5/17/06 11,17,22

24 Third Floor Fireproofing 8 days Fri 5/19/06 Tue 5/30/06 12,18,23

25 Fourth Floor Fireproofing 8 days Thu 6/1/06 Mon 6/12/06 13,19,24

26

27 The Link 17 days Tue 6/13/06 Wed 7/5/06 2

28 Structural Steel 13 days Tue 6/13/06 Thu 6/29/06

29 Columns (1st - 2nd) 1 day Wed 6/14/06 Wed 6/14/06 31

30 Columns (3rd - 4th) 1 day Wed 6/21/06 Wed 6/21/06 29,31,32,33

31 First Floor Steel 1 day Tue 6/13/06 Tue 6/13/06

32 Second Floor Steel 2 days Thu 6/15/06 Fri 6/16/06 29,31

33 Third Floor Steel 2 days Mon 6/19/06 Tue 6/20/06 29,32

34 Roof Steel 2 days Thu 6/22/06 Fri 6/23/06 30,33

35 First Floor Metal Deck 2 days Mon 6/19/06 Tue 6/20/06 29,31,32

36 Second Floor Metal Deck 2 days Thu 6/22/06 Fri 6/23/06 29,30,32,33,35

37 Third Floor Metal Deck 2 days Mon 6/26/06 Tue 6/27/06 30,33,34,36

38 Roof Metal Deck 2 days Wed 6/28/06 Thu 6/29/06 30,34,37

39

40 Cast-in-place Concrete 9 days Wed 6/21/06 Mon 7/3/06

41 First Floor Slab on Deck 2 days Wed 6/21/06 Thu 6/22/06 35

42 Second Floor Slab on Deck 2 days Mon 6/26/06 Tue 6/27/06 41,36

43 Third Floor Slab on Deck 2 days Wed 6/28/06 Thu 6/29/06 37,42

44 Roof Slab on Deck 2 days Fri 6/30/06 Mon 7/3/06 38,43

45

46 Fireproofing 9 days Fri 6/23/06 Wed 7/5/06

47 First Floor Fireproofing 2 days Fri 6/23/06 Mon 6/26/06 35,41

48 Second Floor Fireproofing 2 days Wed 6/28/06 Thu 6/29/06 36,42,47

49 Third Floor Fireproofing 2 days Fri 6/30/06 Mon 7/3/06 37,43,48

50 Fourth Floor Fireproofing 2 days Tue 7/4/06 Wed 7/5/06 38,44,49

57

58 West Wing 57 days Thu 7/6/06 Fri 9/22/06 27

59 Structural Steel 46 days Thu 7/6/06 Thu 9/7/06

60 Columns (1st - 2nd) 2 days Wed 7/12/06 Thu 7/13/06 62

61 Columns (3rd - 4th) 2 days Wed 7/26/06 Thu 7/27/06 60,62,63,64

62 First Floor Steel 4 days Thu 7/6/06 Tue 7/11/06

63 Second Floor Steel 4 days Fri 7/14/06 Wed 7/19/06 60,62

64 Third Floor Steel 4 days Thu 7/20/06 Tue 7/25/06 60,63

65 Fourth Floor Steel 4 days Fri 7/28/06 Wed 8/2/06 61,64

66 First Floor Metal Deck 9 days Thu 7/20/06 Tue 8/1/06 60,62,63

67 Second Floor Metal Deck 9 days Wed 8/2/06 Mon 8/14/06 60,61,63,64,66

68 Third Floor Metal Deck 9 days Tue 8/15/06 Fri 8/25/06 61,64,65,67

69 Fourth Floor Metal Deck 9 days Mon 8/28/06 Thu 9/7/06 61,65,68

70

71 Cast-in-place Concrete 32 days Wed 8/2/06 Thu 9/14/06

72 First Floor Slab on Deck 5 days Wed 8/2/06 Tue 8/8/06 66

73 Second Floor Slab on Deck 5 days Tue 8/15/06 Mon 8/21/06 67,72

74 Third Floor Slab on Deck 5 days Mon 8/28/06 Fri 9/1/06 68,73

75 Fourth Floor Slab on Deck 5 days Fri 9/8/06 Thu 9/14/06 69,74

76

77 Fireproofing 33 days Wed 8/9/06 Fri 9/22/06

78 First Floor Fireproofing 6 days Wed 8/9/06 Wed 8/16/06 66,72

79 Second Floor Fireproofing 6 days Tue 8/22/06 Tue 8/29/06 67,73,78

80 Third Floor Fireproofing 6 days Mon 9/4/06 Mon 9/11/06 68,74,79

81 Fourth Floor Fireproofing 6 days Fri 9/15/06 Fri 9/22/06 69,75,80

Steel Package

East Wing

Structural Steel

Columns (1st - 2nd)

Columns (3rd - 4th)

First Floor Steel

Second Floor Steel

Third Floor Steel

Fourth Floor Steel

First Floor Metal Deck

Second Floor Metal Deck

Third Floor Metal Deck

Fourth Floor Metal Deck

Cast-in-place Concrete

First Floor Slab on Deck

Second Floor Slab on Deck

Third Floor Slab on Deck

Fourth Floor Slab on Deck

Fireproofing

First Floor Fireproofing

Second Floor Fireproofing

Third Floor Fireproofing

Fourth Floor Fireproofing

The Link

Structural Steel

Columns (1st - 2nd)

Columns (3rd - 4th)

First Floor Steel

Second Floor Steel

Third Floor Steel

Roof Steel

First Floor Metal Deck

Second Floor Metal Deck

Third Floor Metal Deck

Roof Metal Deck

Cast-in-place Concrete

First Floor Slab on Deck

Second Floor Slab on Deck

Third Floor Slab on Deck

Roof Slab on Deck

Fireproofing

First Floor Fireproofing

Second Floor Fireproofing

Third Floor Fireproofing

Fourth Floor Fireproofing

West Wing

Structural Steel

Columns (1st - 2nd)

Columns (3rd - 4th)

First Floor Steel

Second Floor Steel

Third Floor Steel

Fourth Floor Steel

First Floor Metal Deck

Second Floor Metal Deck

Third Floor Metal Deck

Fourth Floor Metal Deck

Cast-in-place Concrete

First Floor Slab on Deck

Second Floor Slab on Deck

Third Floor Slab on Deck

Fourth Floor Slab on Deck

Fireproofing

First Floor Fireproofing

Second Floor Fireproofing

Third Floor Fireproofing

Fourth Floor Fireproofing
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Chris Shelow
Koshland Integrated Natural Science Center
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