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Appendix A: Structural System Overview 
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Drilled Pier Scheme for the Basement Level 

(Straight Shaft = Purple; Single-Belled = Blue; Double-Belled = Red) 

Column Layout (Highlighted in Red) for the Basement Level 

N 

N 
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Bridge Detailed Elevation at Connection to Main Hospital (S202) 
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Appendix B: Gravity System Redesign 
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Appendix C: Lateral System Redesign 
 

Velocity Pressures at Heights Above Ground Level 
Height Above Ground Level (ft) Kzt qz (psf) 

0 – 15 0.57 11.5 
20 0.62 12.5 
25 0.66 13.4 
30 0.70 14.2 
40 0.76 15.4 
50 0.81 16.4 
60 0.85 17.2 
70 0.89 18.0 
80 0.93 18.8 
90 0.96 19.4 

100 0.99 20.0 
120 1.04 21.0 
140 1.09 22.1 
160 1.13 22.9 
180 1.17 23.7 
200 1.21 24.5 

 

 

 

 

Windward Wind Pressures – X-Direction (East-West) 
Floor Height Above Ground Level (ft) qz (psf) p (psf) 

2 14.667 11.5 16.6 
3 29.333 14.2 20.5 
4 44 15.8 22.8 
5 58.667 17.1 24.6 
6 73.333 18.3 26.4 
7 88 19.3 27.8 
8 102.67 20.1 28.9 
9 117.33 20.9 30.1 

10 132 21.7 31.2 
11 146.67 22.4 32.2 
12 161.33 22.9 33 
13 176 23.5 33.8 

Roof 196 24.3 35 
Parapet 200.67 24.5 35.3 
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Windward Wind Pressures – Y-Direction (North-South) 
Floor Height Above Ground Level (ft) qz (psf) p (psf) 

2 14.667 11.5 7.82 
3 29.333 14.2 9.66 
4 44 15.8 10.7 
5 58.667 17.1 11.6 
6 73.333 18.3 12.4 
7 88 19.3 13.1 
8 102.67 20.1 13.7 
9 117.33 20.9 14.2 

10 132 21.7 14.8 
11 146.67 22.4 15.2 
12 161.33 22.9 15.5 
13 176 23.5 16 

Roof 196 24.3 16.5 
Parapet 200.67 24.5 16.7 

 

 

 

 

Calculated Dead Loads By Floor 

Floor 
DL (psf) Ext. DL (psf) Total DL 

(psf) Misc. Slab/Deck Framing Insul. Panel Glass 

1 10 0 3.5 0 - - 15 
2 10 37 3.2 2 22 11 90 
3 10 37 8 2 45 5 107 
4 10 37 7.7 2 45 5 107 
5 10 37 7.5 2 33 8 98 
6 10 37 7.2 2 33 8 98 
7 10 37 7.2 2 33 8 98 
8 10 37 7 2 33 8 97 
9 10 37 6.7 2 33 8 97 

10 10 37 6.5 2 33 8 97 
11 10 37 6.3 2 33 8 97 
12 10 37 6.1 2 33 8 97 
13 10 37 6.2 2 33 8 97 

Roof 10 2.5 4 3 66 0 86 
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Seismic Forces By Floor – Both X & Y-Directions (E-W & N-S) 
Floor Dead Load (psf) Weight (k) Height (ft) whk Force (k) 

2 90 1370 14.667 131720 0.9 
3 107 1630 29.333 508982 3.5 
4 107 1630 44 1014044 7 
5 98 1492 58.667 1513695 10.4 
6 98 1492 73.333 2211963 15.2 
7 98 1492 88 3015709 20.7 
8 97 1477 102.67 3879833 26.6 
9 97 1477 117.33 4868496 33.4 

10 97 1477 132 5947798 40.8 
11 97 1477 146.67 7114767 48.8 
12 97 1477 161.33 8365848 57.4 
13 97 1477 176 9699560 66.5 

Roof 86 1310 196 10330150 70.9 
 W (k) = 19,278 ∑ whk = 58,602,565  

 

Comparison of Wind & Seismic Loads – Story Shears (k) 

Floor 
Wind (X, E-W) Wind (Y, N-S) 

Seismic 
Wind or Seismic 

Controls 

Roof 9.8 44.3 70.9 Seismic 

13 42.6 115.1 137 Seismic 

12 69.9 182.4 195 Seismic 

11 96.7 247.9 244 Wind 

10 122.9 313.4 284 Wind 

9 148.4 377.1 318 Wind 

8 172.9 439.1 344 Wind 

7 196.8 499.3 365 Wind 

6 219.8 557.7 380 Wind 

5 241.8 614.3 391 Wind 

4 262.5 667.4 398 Wind 

3 281.4 717 401 Wind 

2 299.2 764.8 402 Wind 

 

Comparison of Wind & Seismic Loads – Base Shear (k) & Overturning Moment (ft-k) 
 Wind (X, E-W) Wind (Y, N-S) Seismic Wind or Seismic Controls 

Base Shear (k) 300 765 402 Wind (Y, N-S) 
Overturning 

Moment (ft-k) 
31,800 81,500 333,500 Seismic 
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Center of Mass & Center of Rigidity 
 X Y 

C.o.M. 88 43.5 
C.o.R. 91 39 
X +e 88 48 
X –e 88 39 
Y +e 91 43.5 
Y –e 85 43.5 

 

Drift Calculations – Wind Loads – Case 1 

Floor 
X-Direction (E-W) Y-Direction (N-S) Allowable 

Drift X Disp. X Drift Y Disp. Y Drift 

Roof 3.69 0.12 4.35 0.41 0.6 

13 3.57 0.12 3.94 0.31 0.44 

12 3.45 0.17 3.63 0.34 0.44 

11 3.28 0.21 3.29 0.35 0.44 

10 3.06 0.26 2.93 0.37 0.44 

9 2.81 0.30 2.56 0.38 0.44 

8 2.51 0.33 2.18 0.39 0.44 

7 2.18 0.36 1.79 0.38 0.44 

6 1.82 0.40 1.41 0.37 0.44 

5 1.42 0.42 1.03 0.34 0.44 

4 1.00 0.42 0.69 0.30 0.44 

3 0.57 0.38 0.39 0.24 0.44 

2 0.20 0.20 0.15 0.15 0.44 

 

Drift Calculations – Wind Loads – Case 2 

Floor 
X-Direction (E-W) (+/-e) Y-Direction (N-S) (+/-e) Allowable 

Drift X Disp. X Drift X Disp. X Drift Y Disp. Y Drift Y Disp. Y Drift 

Roof 2.80 0.09 2.74 0.09 3.24 0.31 3.28 0.30 0.6 

13 2.71 0.09 2.65 0.09 2.93 0.23 2.98 0.23 0.44 

12 2.61 0.13 2.56 0.13 2.70 0.25 2.74 0.26 0.44 

11 2.48 0.16 2.44 0.16 2.45 0.27 2.49 0.27 0.44 

10 2.32 0.20 2.28 0.19 2.18 0.28 2.22 0.28 0.44 

9 2.12 0.22 2.09 0.22 1.90 0.28 1.94 0.29 0.44 

8 1.90 0.25 1.87 0.24 1.62 0.29 1.65 0.30 0.44 

7 1.65 0.27 1.63 0.27 1.33 0.29 1.35 0.29 0.44 

6 1.37 0.30 1.36 0.30 1.04 0.28 1.07 0.28 0.44 

5 1.07 0.32 1.06 0.32 0.76 0.26 0.79 0.26 0.44 

4 0.75 0.32 0.75 0.32 0.51 0.22 0.53 0.23 0.44 

3 0.43 0.28 0.33 0.28 0.29 0.18 0.30 0.18 0.44 

2 0.15 0.15 0.15 0.15 0.11 0.11 0.12 0.12 0.44 
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Drift Calculations – Wind Loads – Case 3 

Floor 
X + Y X – Y Allowable 

Drift X Disp. Y Disp. X Drift Y Drift X Disp. Y Disp. X Drift Y Drift 

Roof 2.73 3.24 0.08 0.30 2.81 -3.28 0.09 -0.31 0.6 

13 2.64 2.93 0.09 0.23 2.71 -2.97 0.10 -0.24 0.44 

12 2.56 2.70 0.12 0.25 2.62 -2.74 0.13 -0.26 0.44 

11 2.43 2.45 0.16 0.26 2.49 -2.48 0.16 -0.27 0.44 

10 2.27 2.19 0.19 0.28 2.32 -2.21 0.20 -0.28 0.44 

9 2.09 1.91 0.22 0.28 2.13 -1.93 0.23 -0.29 0.44 

8 1.87 1.63 0.24 0.29 1.90 -1.64 0.25 -0.30 0.44 

7 1.62 1.33 0.27 0.28 1.65 -1.35 0.27 -0.29 0.44 

6 1.36 1.05 0.29 0.28 1.37 -1.06 0.30 -0.28 0.44 

5 1.06 0.77 0.32 0.25 1.07 -0.78 0.32 -0.26 0.44 

4 0.75 0.52 0.32 0.22 0.75 -0.52 0.32 -0.23 0.44 

3 0.43 0.22 0.28 0.18 0.43 -0.29 0.28 -0.18 0.44 

2 0.15 0.11 0.15 0.11 0.15 -0.11 0.15 -0.11 0.44 

 

 

 

 

Drift Calculations – Wind Loads – Case 4 – CW 

Floor 
X + Y CW X – Y CW Allowable 

Drift X Disp. Y Disp. X Drift Y Drift X Disp. Y Disp. X Drift Y Drift 

Roof 2.17 2.44 0.08 0.22 2.23 -2.45 0.09 -0.23 0.6 

13 2.09 2.22 0.08 0.17 2.15 -2.21 0.08 -0.18 0.44 

12 2.02 2.05 0.10 0.19 2.07 -2.04 0.11 -0.19 0.44 

11 1.91 1.86 0.13 0.20 1.96 -1.85 0.14 -0.20 0.44 

10 1.78 1.66 0.15 0.21 1.82 -1.65 0.16 -0.21 0.44 

9 1.63 1.45 0.18 0.21 1.66 -1.43 0.18 -0.22 0.44 

8 1.45 1.23 0.20 0.22 1.48 -1.22 0.20 -0.22 0.44 

7 1.26 1.01 0.21 0.21 1.28 -1.00 0.22 -0.22 0.44 

6 1.05 0.80 0.23 0.21 1.06 -0.78 0.23 -0.21 0.44 

5 0.82 0.59 0.24 0.19 0.83 -0.57 0.25 -0.19 0.44 

4 0.57 0.40 0.24 0.17 0.58 -0.38 0.25 -0.17 0.44 

3 0.33 0.23 0.22 0.14 0.33 -0.21 0.22 -0.13 0.44 

2 0.11 0.09 0.11 0.09 0.11 -0.08 0.11 -0.08 0.44 
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Drift Calculations – Wind Loads – Case 4 – CCW  

Floor 
X + Y CCW X – Y CCW Allowable 

Drift X Disp. Y Disp. X Drift Y Drift X Disp. Y Disp. X Drift Y Drift 

Roof 1.92 2.41 0.05 0.23 1.98 -2.48 0.06 -0.23 0.6 

13 1.87 2.18 0.05 0.17 1.92 -2.25 0.06 -0.18 0.44 

12 1.81 2.01 0.08 0.19 1.86 -2.07 0.09 -0.19 0.44 

11 1.73 1.82 0.10 0.20 1.78 -1.88 0.11 -0.20 0.44 

10 1.63 1.63 0.13 0.21 1.66 -1.68 0.13 -0.21 0.44 

9 1.50 1.42 0.15 0.21 1.53 -1.46 0.16 -0.22 0.44 

8 1.35 1.21 0.17 0.22 1.37 -1.25 0.18 -0.22 0.44 

7 1.18 0.99 0.19 0.21 1.20 -1.02 0.20 -0.22 0.44 

6 0.99 0.78 0.21 0.21 1.00 -0.81 0.22 -0.21 0.44 

5 0.78 0.57 0.23 0.19 0.79 -0.59 0.23 -0.19 0.44 

4 0.55 0.38 0.23 0.16 0.55 -0.40 0.24 -0.17 0.44 

3 0.31 0.21 0.21 0.13 0.32 -0.23 0.21 -0.14 0.44 

2 0.11 0.08 0.11 0.08 0.11 -0.09 0.11 -0.09 0.44 

 

Drift Calculations – Seismic Loads 

Floor 
X-Dir. +e X-Dir. -e Y-Dir. +e Y-Dir. -e Allowable 

Drift X Disp. X Drift X Disp. X Drift Y Disp. Y Drift Y Disp. Y Drift 

Roof 6.31 0.36 6.26 0.35 3.67 0.40 3.67 0.41 2.9 

13 5.96 0.30 5.91 0.30 3.26 0.30 3.27 0.30 2.9 

12 5.65 0.39 5.61 0.38 2.96 0.32 2.96 0.33 2.9 

11 5.27 0.46 5.21 0.45 2.64 0.33 2.64 0.33 2.9 

10 4.81 0.51 4.78 0.51 2.30 0.34 2.31 0.34 2.9 

9 4.30 0.56 4.27 0.55 1.97 0.33 1.97 0.33 2.9 

8 3.74 0.58 3.72 0.58 1.63 0.33 1.63 0.33 2.9 

7 3.16 0.60 3.15 0.59 1.30 0.31 1.30 0.31 2.9 

6 2.56 0.61 2.55 0.61 1.00 0.29 1.00 0.29 2.9 

5 1.95 0.62 1.94 0.62 0.71 0.25 0.71 0.25 2.9 

4 1.33 0.59 1.32 0.59 0.46 0.21 0.46 0.21 2.9 

3 0.74 0.49 0.74 0.49 0.25 0.16 0.25 0.16 2.9 

2 0.25 0.25 0.25 0.25 0.09 0.09 0.09 0.09 2.9 
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Frame Participation - % by Floor Level – X-Direction (East-West) 
Frame # 1 2 3 4 5 6 

Roof 11.1 41.4 30.1 4.8 3.0 9.6 

13 19.5 33.3 21.6 3.8 3.9 17.9 

12 19.4 32.7 21.8 4.1 4.3 17.8 

11 19.8 33.5 21.3 4.2 4.3 16.9 

10 19.9 33.8 21.1 4.2 4.4 16.4 

9 19.9 34.1 21.0 4.2 4.5 16.2 

8 19.9 33.4 20.9 4.4 4.4 16.9 

7 19.5 33.3 20.1 4.8 4.4 18.0 

6 19.8 30.9 19.4 5.4 4.8 19.7 

5 21.6 26.9 18.4 6.0 5.3 21.8 

4 21.8 26.3 17.8 6.3 5.5 22.3 

3 21.9 25.4 17.8 6.7 5.9 22.4 

2 20.8 26.5 18.9 5.6 4.4 23.7 

AVERAGE 19.6 31.7 20.8 5.0 4.6 18.4 
 

 

 

 

N 1 

2

3 

4 
5 

6 

7 8 9 

10 
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Frame Participation - % by Floor Level – Y-Direction (North-South) 
Frame # 7 8 9 10 

Roof 2.5 58.0 16.0 23.5 

13 5.5 51.2 20.6 22.7 

12 7.2 50.0 21.3 21.6 

11 7.3 51.3 20.8 20.6 

10 6.9 54.6 19.3 19.2 

9 6.7 54.1 19.3 19.9 

8 5.9 55.5 17.7 20.9 

7 5.5 53.8 17.0 23.6 

6 4.9 54.3 14.6 26.2 

5 4.2 52.2 12.7 31.0 

4 3.1 54.7 8.6 33.7 

3 2.2 53.7 5.4 38.7 

2 1.3 60.1 2.9 35.7 

AVERAGE 4.9 54.1 15.1 26.0 
 

 

  



Structural Thesis Final Report 

Marissa Delozier 
 

 

75 

Appendix D: Cost & Schedule Analysis (Breadth 1) 
 

 

 

 

 

 

Composite Steel Beams & Girders – Original System – Short Bay 
Description Quantity Unit Material Installation Total 

Welded wire fabric, 6x6 – W2.1x2.1 (8x8) 30 lb/CSF 6 CSF 17.35 25.5 42.85 
Structural Conc., LW, Ready Mix, 110 #/CF, 3000 psi 175 CF 2.51 0 2.51 
Structural Conc., placing, elevated slab, less than 6” 

thick, pumped 
175 CF 0 0.85 0.85 

Conc. surface treatment, curing, sprayed membrane 
compound 

6 CSF 8.05 5.95 14 

Welded Shear Connectors, 3/4” diam., 3- 3/8” long 44 Each 0.53 1.36 1.89 
Structural steel members, Beam or girder, W18x35 60 LF 50 5.87 55.87 
Structural steel members, Beam or girder, W18x65 40 LF 93 6.25 99.25 

Metal decking, steel, non-cellular composite 
decking, galvanized, 3” deep, 20 ga. 

600 SF 2.21 0.59 2.8 

Sprayed cementitious fireproofing, 1” thick on 
beams & girders 

400 SF 0.53 0.69 1.22 

      

 Total ($/SF) 14.79 2.72 17.50 

Composite Steel Beams & Girders – Original System – Long Bay 
Description Quantity Unit Material Installation Total 

Welded wire fabric, 6x6 – W2.1x2.1 (8x8) 30 lb/CSF 12 CSF 17.35 25.5 42.85 
Structural Conc., LW, Ready Mix, 110 #/CF, 3000 psi 350 CF 2.51 0 2.51 
Structural Conc., placing, elevated slab, less than 6” 

thick, pumped 
350 CF 0 0.85 0.85 

Conc. surface treatment, curing, sprayed membrane 
compound 

12 CSF 8.05 5.95 14 

Welded Shear Connectors, 3/4” diam., 3- 3/8” long 104 Each 0.53 1.36 1.89 
Structural steel members, Beam or girder, W18x35 60 LF 50 5.87 55.87 

Structural steel members, Beam or girder, W18x211 80 LF 246 6.45 252.45 
Metal decking, steel, non-cellular composite 

decking, galvanized, 3” deep, 20 ga. 
1200 SF 2.21 0.59 2.8 

Sprayed cementitious fireproofing, 1” thick on 
beams & girders 

800 SF 0.53 0.69 1.22 

      

 Total ($/SF) 22.50 2.45 24.95 
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Non-Composite Steel Joists on Girders – Redesign – Short Bay 
Description Quantity Unit Material Installation Total 

Welded wire fabric, 6x6 – W2.9x2.9 (6x6) 42 lb/CSF 6 CSF 22.5 27.5 50 
Structural Conc., Normal Wt, Ready Mix, 3000 psi 125 CF 3.59 0 3.59 

Structural Conc., placing, elevated slab, less than 6” 
thick, pumped 

125 CF 0 0.85 0.85 

Conc. Finishing, floors, bull float, manual float, & 
broom finish 

600 SF 0 0.53 0.53 

Conc. surface treatment, curing, sprayed membrane 
compound 

6 CSF 8.05 5.95 14 

Open web bar joist, K series, 30’ to 50’ span, 22K10, 
12.6 lb/LF 

180 LF 9 2.89 11.89 

Structural steel members, Beam or girder, W18x40 40 LF 57 5.87 62.87 
Metal decking, steel, slab form, 24 ga., 1” deep, 

galvanized 
600 SF 1.75 0.47 2.22 

Sprayed cementitious fireproofing, 1” thick on joists 
& girders 

800 SF 0.53 0.69 1.22 

      

 Total ($/SF) 10.01 3.69 13.70 

Non-Composite Steel Joists on Girders – Redesign – Long Bay 
Description Quantity Unit Material Installation Total 

Welded wire fabric, 6x6 – W2.9x2.9 (6x6) 42 lb/CSF 12 CSF 22.5 27.5 50 
Structural Conc., Normal Wt, Ready Mix, 3000 psi 250 CF 3.59 0 3.59 

Structural Conc., placing, elevated slab, less than 6” 
thick, pumped 

250 CF 0 0.85 0.85 

Conc. Finishing, floors, bull float, manual float, & 
broom finish 

1200 SF 0 0.53 0.53 

Conc. surface treatment, curing, sprayed membrane 
compound 

12 CSF 8.05 5.95 14 

Open web bar joist, K series, 30’ to 50’ span, 22K10, 
12.6 lb/LF 

330 LF 9 2.89 11.89 

Structural steel members, Beam or girder, W30x124 80 LF 177.5 4.86 182.36 
Metal decking, steel, slab form, 24 ga., 1” deep, 

galvanized 
1200 SF 1.75 0.47 2.22 

Sprayed cementitious fireproofing, 1” thick on joists 
& girders 

1750 SF 0.53 0.69 1.22 

      

 Total ($/SF) 17.88 3.64 21.52 
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Costs Associated with Spray Applied Fireproofing 

 
Material 
($/SF) 

Installation 
($/SF) 

Total ($/SF) 
Price Increase vs 

Original 
Original System 0.35 0.46 0.81 –  

Redesigned System 0.74 0.96 1.70 + $0.90/SF (~ 4%) 
 

Costs Associated with Shop/Spray Applied Fireproofing & Rated Ceilings – Redesigned System 

 
Material 
($/SF) 

Installation 
($/SF) 

Total ($/SF) Price Increase vs Original 

Shop Applied 1.04 0 1.04 - 
Spray Applied 0.20 0.26 0.46 - 
Rated Ceilings - - 0.45 - 

Total - - 1.95 + $1.15/SF (~ 5.5%) 
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Comparison of Original Gravity System & Redesigned Gravity System Project Durations 
  Original Redesign Comparison 

  Dates Dur 
Total 
Dur 

Dates Dur 
Total 
Dur 

By 
Tasks 

Total 

Steel 
Erection 

Seq 1 Part 1 
3/21 
 -4/8 

15 

122 
days 

3/21 
-4/5 

12 

114 
days 

Redesign 

Redesign 

Seq 1 Part 2 
5/27 

 -6/10 
10 

5/24 
-6/6 

10 

Seq 2 
6/6  

-6/30 
19 

5/31 
-6/21 

16 

Seq 3 
6/27 
-7/22 

19 
6/16 
-7/8 

17 

Seq 4 
7/18 
-8/11 

19 
7/6 
-8/1 

19 

Seq 5 
8/8 
-9/1 

19 
7/28 
-8/24 

20 

Seq 6 
8/28 
-9/23 

19 
8/22 
-9/13 

17 

Seq 7 
9/19 

-10/12 
18 

9/9 
-9/30 

16 

Seq 8 
12/9 

-12/20 
8 

11/30 
-12/9 

8 

Deck Pours/ 
Fireproofing 

Floor Slab 
1-2 

7/1 
-7/12 

7 

89 
days 

6/28 
-7/6 

7 

93 
days 

Original 

Fireproofing 
1-2 

7/20 
-8/9 

15 
7/15 
-8/5 

16 

Floor Slab 
3-6 

8/12 
-8/31 

14 
8/9 

-8/26 
14 

Fireproofing 
3-6 

9/1 
 -9/15 

10 
8/29 
-9/13 

12 

Floor Slab 
7-12 

9/2 
-10/18 

21 
8/30 

-10/13 
21 

Fireproofing 
7-Roof 

10/17  
-11/4 

15 
10/12 
-11/3 

17 

Floor Slab 
13 

10/19 
-10/25 

5 
10/14 
-10/20 

5 

Floor Slab 
Roof 

10/26 
-10/28 

3 
10/21 
-10/25 

3 

Tower 
Crane 

Removal & 
Infill 

Remove 
Crane 

12/19 
-12/20 

2 

31 
days 

12/8 
-12/9 

2 

31 
days 

Redesign 
Infill Hole 
(Decking) 

12/21 
-1/27 

29 
12/12 
-1/18 

28 

Infill Hole 
(Conc) 

1/25 
-1/31 

5 
1/16 
-1/20 

5 
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Appendix E: Architectural Considerations (Breadth 2) 
International Building Code 2006 [Ninth Printing]  
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