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Connection Design 
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APPENDIX B 
 
Wind & Seismic Load Analysis 
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Wind Loads 
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Seismic Loads 

Seismic Force Resisting System: Typical Floor Weights Found 
 

Floor 1 

Approximate Area: 7505.12 sf     

Floor to Floor Ht. 18 ft     

Steel Members: Superimposed: 

Beams W12x65 W14x68 Partitions: 15 psf 

  W14x90   MEP: 10 psf 

Column W14x176   Finished: 5 psf 

Weight = 95.51 k Weight = 225.15 k 

Slab: 

Thickness: 8 in      

Unit Weight: 150 pcf     

Do Not Include Slab Weight 

  

Total Weight of Floor = 320.66 k 

or 42.73 psf 

 
 

Typical Floors 2 thru 10 

Approximate Area: 7505.12 sf     

Floor to Floor Ht. 9.33 ft     

Steel Members: Superimposed: 

Beams W12x65 W14x68 Partitions: 20 psf 

  W14x90   MEP: 10 psf 

Column W14x176 W14x99  Finished: 5 psf 

Weight = 95.51 k Weight = 262.68 k 

Slab: 

Thickness: 8 in      

Unit Weight: 150 pcf     

Weight = 750.512 k     

  

Total Weight of Floor = 1108.70 k 

or 147.73 psf 
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Redesigned Base Shear and Overturning Moment Distribution 

Story hx (ft) 
Story Weight 

(k) 
wxhx

k Cvx 
Lateral 

Force Fx (k) 
Story Shear 

Vx (k) 
Mx (ft-k) 

PH Roof 112.66 67.67 37112 0.014 5.41 5.41 582.83 

Roof 102.66 985.78 477530 0.175 69.66 75.07 6802.95 

10 92.66 1108.70 468398 0.172 68.33 143.40 6012.48 

9 83.33 1108.70 406522 0.149 59.30 202.70 4664.93 

8 74.0 1108.70 346927 0.127 50.61 253.31 3508.65 

7 64.66 1108.70 289743 0.106 42.27 295.58 2535.76 

6 55.33 1108.70 235324 0.086 34.33 329.90 1739.22 

5 46.0 1108.70 183906 0.067 26.83 356.73 1108.77 

4 36.66 1108.70 135835 0.050 19.81 376.55 633.98 

3 27.33 1108.70 91776 0.034 13.39 389.93 303.43 

2 18.0 1108.70 52554 0.019 7.67 397.60 69.00 

1 0 327.10 0 0 0.00 397.60 0.00 

      2725626         

Total Weight = 11358.85 k 
    Base Shear =  397.60 k 
    Total Moment =  27962.00 ft-k 
    

Existing Base Shear and Overturning Moment Distribution 

Story hx (ft) 
Story Weight 

(k) 
wxhx

k Cvx 
Lateral 

Force Fx (k) 
Story Shear 

Vx (k) 
Mx (ft-k) 

PH Roof 112.66 61.34 33643 0.009 5.32 5.32 572.43 

Roof 102.66 1026.15 497088 0.135 78.56 83.88 7672.36 

10 92.66 1585.06 669650 0.181 105.83 189.71 9312.90 

9 83.33 1585.06 581188 0.157 91.85 281.57 7225.65 

8 74.0 1585.06 495988 0.134 78.39 359.95 5434.64 

7 64.66 1585.06 414234 0.112 65.47 425.42 3927.71 

6 55.33 1585.06 336434 0.091 53.17 478.59 2693.93 

5 46.0 1585.06 262923 0.071 41.55 520.15 1717.40 

4 36.66 1585.06 194198 0.053 30.69 550.84 981.98 

3 27.33 1585.06 131208 0.036 20.74 571.58 470.00 

2 18.0 1585.06 75134 0.020 11.87 583.45 106.87 

1 0 1317.06 0 0 0.00 583.45 0.00 

      3691687         

Total Weight = 16670.13 k 
    Base Shear =  583.45 k 
    Total Moment =  40115.88 ft-k 
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APPENDIX C 

Shear Wall Design 
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APPENDIX D 

Lateral Optimization Study 
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Rigidity  
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Wall A Wall B Wall C Wall D Wall E Wall F

ℓ = 102 ℓ = 96 ℓ = 110 ℓ = 102 ℓ = 96 ℓ = 110
Roof 1336 0 4 6 0 4 6 19 544.6

10 1224 6 5 7 6 5 7 36 545.4

9 1112 8 6 10 8 6 10 48 545.4

8 1000 11 9 13 11 9 13 66 545.4

7 888 15 13 19 15 13 19 93 545.4

6 776 23 19 28 23 19 28 139 545.4

5 664 36 30 45 36 30 45 221 545.4

4 552 62 52 77 62 52 77 382 545.4

3 440 153 128 190 153 128 190 941 545.4

2 328 357 300 443 357 300 443 2202 545.4

1 216 1150 975 1409 1150 975 1409 7067 545.3

Wall Rigidity Calculation (N-S Span)

Level
Height 

(in.)
Σ Rigidity

Center of 

Rigidity (x)
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ETABS Rigidity Values 

  ETABS 

Level x y 
Roof 598.67 406.54 

10 579.52 380.00 

9 579.66 381.00 

8 579.53 382.00 

7 579.40 383.00 

6 579.24 384.00 

5 579.02 385.00 

4 578.70 387.00 

3 578.24 389.00 

2 577.57 392.00 

1 577.96 393.00 

 

 

 

 

 

 

Wall 1 Wall 2 Wall 3 Wall 4 Wall 5

ℓ = 258 ℓ = 246 ℓ = 246 ℓ = 258 ℓ = 258
Roof 1336 0 61 61 71 71 264 471.7

10 1224 91 79 79 91 91 433 394.9

9 1112 121 105 105 121 121 573 394.9

8 1000 165 143 143 165 165 781 394.9

7 888 232 203 203 232 232 1102 394.9

6 776 342 298 298 342 342 1623 394.9

5 664 531 465 465 531 531 2522 394.8

4 552 884 776 776 884 884 4204 394.8

3 440 2043 1804 1804 2043 2043 9737 394.7

2 328 4237 3781 3781 4237 4237 20273 394.6

1 216 10492 9543 9543 10492 10492 50563 394.4

Σ Rigidity
Center of 

Rigidity (y)

Wall Rigidity Calculation (E-W Span)
Supported 

Floor

Height 

(in.)
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Relative Stiffness 
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Torsion 
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Shear 
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Wall A Wall B Wall C Wall D Wall E Wall F
Roof 78.56 78.56 1.36 1.18 1.60 1.36 1.18 1.60

10 105.83 105.83 0.78 0.66 0.96 0.78 0.66 0.96

9 91.85 91.85 0.40 0.34 0.50 0.40 0.34 0.50

8 78.39 78.39 0.24 0.21 0.31 0.24 0.21 0.31

7 65.47 65.47 0.16 0.14 0.21 0.16 0.14 0.21

6 53.17 53.17 0.11 0.10 0.14 0.11 0.10 0.14

5 41.55 41.55 0.08 0.07 0.10 0.08 0.07 0.10

4 30.69 30.69 0.06 0.05 0.07 0.06 0.05 0.07

3 20.74 20.74 0.04 0.03 0.04 0.04 0.03 0.04

2 11.87 11.87 0.02 0.02 0.02 0.02 0.02 0.02

Load Combination 

0.9D+1.0E
Force (k)

Factored 

Force (k)

Distributed Force (k)

 Original North/South Direct Shear

Wall 1 Wall 2 Wall 3 Wall 4 Wall 5
Roof 78.56 78.56 0.64 0.56 0.56 0.64 0.64

10 105.83 105.83 0.92 0.80 0.80 0.92 0.92

9 91.85 91.85 0.86 0.75 0.75 0.86 0.86

8 78.39 78.39 0.81 0.71 0.71 0.81 0.81

7 65.47 65.47 0.77 0.67 0.67 0.77 0.77

6 53.17 53.17 0.73 0.64 0.64 0.73 0.73

5 41.55 41.55 0.70 0.61 0.61 0.70 0.70

4 30.69 30.69 0.66 0.59 0.59 0.66 0.66

3 20.74 20.74 0.61 0.54 0.54 0.61 0.61

2 11.87 11.87 0.50 0.45 0.45 0.50 0.50

Load Combination 

0.9D+1.0E
Force (k)

Factored 

Force (k)

Distributed Force (k)

Original East/West Direct Shear
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Factored 

Story 

Shear    

Vtot (k)

Relative 

Stiffness 

Ri

Distance 

from 

COM to 

COR           

e (in)

Distance 

from 

Wall i to 

COR di 

(in)

(Ri)(di
2
)

Torsional 

Shear (k)

Wall E/W 572 0.443 10.75 534.6 126608.1 2.657

Wall 1 E/W 572 0.014 10.75 433.6 2632.1 0.068

Wall 2 E/W 572 0.012 10.75 231.6 643.7 0.031

Wall 3 E/W 572 0.012 10.75 127.6 195.4 0.017

Wall 4 E/W 572 0.014 10.75 29.6 12.3 0.005

Wall 5 E/W 572 0.014 10.75 106.4 158.5 0.017

Wall E/W 572 0.491 10.75 494.7 120161.5 2.725

Wall N/S 572 0.483 29.6 569.5 156651.5 8.498

Wall A N/S 572 0.002 29.6 171.5 58.8 0.011

Wall B N/S 572 0.002 29.6 171.5 58.8 0.011

Wall C N/S 572 0.003 29.6 171.5 88.2 0.016

Wall D N/S 572 0.002 29.6 152.5 46.5 0.009

Wall E N/S 572 0.002 29.6 150.5 45.3 0.009

Wall F N/S 572 0.003 29.6 152.5 69.8 0.014

Wall N/S 572 0.382 29.6 511.5 99943.5 6.036

Wall N/S 572 0.122 29.6 577.5 40687.8 2.177

548061.8Torsional Moment of Inertia J = Σ (Ri)(di
2
) =

Torsional Shear in Shear Walls Supporting Floor 3
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Drift and Displacement 
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Floor 

Supported

Lateral 

Force (k)
Ec (ksi) Er (ksi)

Thickness 

(in.)

Length 

(in.)

Height 

(in.)
Δflex Δshear

Story 

Displacement 

(in.)

Story 

Drift (in.)

Allowable 

Story 

Displacement

PH Roof 1.45 4030 1610 10 258 1336 0.019947 0.000559 0.020505 0.000015 2.2

Roof 14.70 4030 1610 10 258 1224 0.155795 0.005198 0.160993 0.000132 2.2

10 14.42 4030 1610 10 258 1112 0.114566 0.004631 0.119198 0.000107 1.8

9 12.51 4030 1610 10 258 1000 0.072287 0.003613 0.075900 0.000076 1.8

8 10.67 4030 1610 10 258 888 0.043182 0.002737 0.045920 0.000052 1.8

7 8.91 4030 1610 10 258 776 0.024055 0.001997 0.026051 0.000034 1.8

6 7.23 4030 1610 10 258 664 0.012229 0.001386 0.013615 0.000021 1.8

5 5.64 4030 1610 10 258 552 0.005484 0.000900 0.006383 0.000012 1.8

4 4.16 5098 2040 10 258 440 0.001617 0.000417 0.002034 0.000005 1.8

3 2.80 5098 2040 10 258 328 0.000451 0.000209 0.000660 0.000002 1.8

2 1.59 5098 2040 10 258 216 0.000073 0.000078 0.000152 0.000001 3.24

0.471413 < 20.04    OKAYTotal Wall Displacement (in.) =

Wall 5 Story Displacements

Story

Etabs Story 

Displacement 

(in.)

Approx. Hand Calc. 

Story Displacement 

(in.)

11 0.012955 0.020505

10 0.011765 0.160993

9 0.010105 0.119198

8 0.008527 0.075900

7 0.006995 0.045920

6 0.005535 0.026051

5 0.004175 0.013615

4 0.002935 0.006383

3 0.001843 0.002034

2 0.000916 0.000660

1 0.000176 0.000152

Total Wall 0.065927 0.471413

Etabs vs. Hand Calc. Wall Displacement

Floor 

Supported

Lateral 

Force (k)
Ec (ksi) Er (ksi)

Thickness 

(in.)

Length 

(in.)

Height 

(in.)
Δflex Δshear

Story 

Displacement 

(in.)

Story 

Drift (in.)

Allowable 

Story 

Displacement

PH Roof 1.62 4030 1610 10 110 1336 0.288811 0.001470 0.290282 0.000217 2.2

Roof 14.14 4030 1610 10 110 1224 1.933288 0.011725 1.945013 0.001589 2.2

10 13.87 4030 1610 10 110 1112 1.421786 0.010447 1.432233 0.001288 1.8

9 12.03 4030 1610 10 110 1000 0.897184 0.008152 0.905336 0.000905 1.8

8 10.27 4030 1610 10 110 888 0.536029 0.006177 0.542205 0.000611 1.8

7 8.57 4030 1610 10 110 776 0.298651 0.004506 0.303158 0.000391 1.8

6 6.96 4030 1610 10 110 664 0.151869 0.003130 0.154999 0.000233 1.8

5 5.43 4030 1610 10 110 552 0.068125 0.002032 0.070157 0.000127 1.8

4 4.00 5098 2040 10 110 440 0.020103 0.000942 0.021045 0.000048 1.8

3 2.70 5098 2040 10 110 328 0.005608 0.000473 0.006081 0.000019 1.8

2 1.53 5098 2040 10 110 216 0.000909 0.000177 0.001085 0.000005 3.24

5.671593 < 20.04    OKAYTotal Wall Displacement (in.) =

Wall C Story Displacements
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APPENDIX E 

Foundation Check 
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Overturning and Building Weight 
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Foundation Piles  

 

 

 

 

 

 

Level 

Supported

Tributary 

Area (sf)

Dead Load 

(psf)

Live Load 

(psf)

Reduction 

LL

Dead Load 

(kips)

Live Load 

(kips)

Total Load 

(1.2DL+1.6L) 

kips

Accumulated 

Load (kips)

Roof 311.36 56 75 63.83 17.4 19.9 52.72 52.72

10 311.36 100 40 34.04 31.1 10.6 54.32 107.04

9 311.36 100 40 34.04 31.1 10.6 54.32 161.36

8 311.36 100 40 34.04 31.1 10.6 54.32 215.68

7 311.36 100 40 34.04 31.1 10.6 54.32 270.00

6 311.36 100 40 34.04 31.1 10.6 54.32 324.33

5 311.36 100 40 34.04 31.1 10.6 54.32 378.65

4 311.36 100 40 34.04 31.1 10.6 54.32 432.97

3 311.36 100 40 34.04 31.1 10.6 54.32 487.29

2 311.36 100 40 34.04 31.1 10.6 54.32 541.61

1 311.36 100 80 68.08 31.1 21.2 145.20 686.81

Existing Column Load (Column #10)

Level 

Supported

Tributary 

Area (sf)

Dead Load 

(psf)

Live Load 

(psf)

Reduction 

LL

Dead Load 

(kips)

Live Load 

(kips)

Total Load 

(1.2D+1.6L) 

kips

Accumulated 

Load (kips)

Roof 311.36 56 75 63.83 17.4 19.9 52.72 52.72

10 311.36 70 40 34.04 21.8 10.6 43.11 95.83

9 311.36 70 40 34.04 21.8 10.6 43.11 138.94

8 311.36 70 40 34.04 21.8 10.6 43.11 182.06

7 311.36 70 40 34.04 21.8 10.6 43.11 225.17

6 311.36 70 40 34.04 21.8 10.6 43.11 268.28

5 311.36 70 40 34.04 21.8 10.6 43.11 311.39

4 311.36 70 40 34.04 21.8 10.6 43.11 354.50

3 311.36 70 40 34.04 21.8 10.6 43.11 397.62

2 311.36 70 40 34.04 21.8 10.6 43.11 440.73

1 311.36 70 80 68.08 21.8 21.2 60.07 500.80

Redesigned Column Load (Column #10)
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Column No.

Total Load 

on Each 

Column (k)

# of piles 

required to 

support Steel 

System

# of piles used 

in Original 

Design

% Decrease 

in required 

# of piles 

1 132 1 4 75

2 265 2 4 50

3 246 2 Not in original -200

4 330 2 4 50

5 390 2 4 50

6 300 2 4 50

7 135 1 4 75

8 262 2 4 50

9 547 3 4 25

10 505 3 4 25

11 664 3 4 25

12 774 4 4 0

13 580 3 4 25

14 266 2 4 50

15 286 2 4 50

16 597 3 4 25

17 553 3 4 25

18 732 4 4 0

19 853 4 4 0

20 653 3 4 26

21 392 2 4 50

22 102 1 4 75

23 195 1 4 75

24 478 3 4 25

25 643 4 4 0

26 680 4 4 0

27 318 2 4 50

28

Comparison of the number of piles to support the new 

design vs. the original design

Average % Decrease in # Piles Required = 
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APPENDIX F 

Façade Study Calculations 
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APPENDIX G 

Construction Schedule and Cost Calculations 
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Redesign Construction Schedule 

 



Fairfield Inn & Suites, Marriot                                                 

Pittsburgh, PA 
Amanda Smith         

Final Thesis Report 

 

P a g e  | 65 

 

 

 



Fairfield Inn & Suites, Marriot                                                 

Pittsburgh, PA 
Amanda Smith         

Final Thesis Report 

 

P a g e  | 66 

Existing Construction Schedule 
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Redesigned Material Takeoffs 

COLUMN TAKEOFFS 
   

     

 
Size # Length (ft) Weight (lbs) 

     

 
W14x176 27 1493.64 262880.64 

 
W14x99 27 1259.55 124695.45 

 
  54 2753.19 387576.09 

     GRAVITY BEAM TAKEOFFS 
  

     

 
Size # Length (ft) Weight (lbs) 

     

 
W12x65 60 855.3 55594.5 

 
W14x68 150 2409.2 163825.6 

 
W14x90 60 1543.5 138915 

 
  270 4808 358335.1 

 

Existing Material Takeoffs 

 

 

 

 

BEAM TAKEOFFS

Size # Length (ft) Size # Length (ft) Weight (k)

W 14x22 1 10.43 W12x120 1 18 2.16

W 16x26 3 52.55 W12x96 2 36 3.46

W 18x35 1 25.6 W10x100 2 36 3.6

W 18x40 6 89.2 W12x120 5 90 10.8

W 24x55 3 47.8 W12x106 2 36 3.82

W 30x90 1 20.6 W10x112 4 48 5.38

W 33x118 3 36.2 W10x68 2 36 2.45

W 33x130 3 36.2 18 300 31.67

W 33x141 2 27.2

W 40x149 2 27.2

W 40x199 2 44.22

27 417.2

Weight = 36180 lbs

COLUMN TAKEOFFS
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Cost Estimate of Redesigned Structural System 

 

 

Cost Estimate of Existing Structural System 

 

 

Shearwalls Amount Unit Crew
Daily 

Output
Days

Labor 

Hours/Unit

Labor 

Hours

Mat'l 

Cost/Unit

Labor 

Cost/Unit

Equip 

Cost/Unit

Total 

Cost/Unit

Total Cost 

w/ O&P
TOTAL COST

10" CMU Block 18473 SF D-8 320 58 0.125 2309.1 3.06 4.47 0 7.53 10.15 187,500.95$    

Reinforcement 7 Ton 4 Rodm 5.5 1 --- --- 810 420 0 1230 --- 8,610.00$         

Steel Amount Unit Crew
Daily 

Output
Days

Labor 

Hours/Unit

Labor 

Hours

Mat'l 

Cost/Unit

Labor 

Cost/Unit

Equip 

Cost/Unit

Total 

Cost/Unit

Total Cost 

w/ O&P
TOTAL COST

Columns 2753 LF E-2 720 3.82 0.078 214.73 145 3.26 2.18 150.44 168 462,504.00$    

Baseplates 108 SF E-2 60 1.80 0.061 6.588 45 0 45 5,171.61$         

Beams 4807 LF E-2 750 6.41 0.075 360.53 89.5 3.13 2.09 94.72 106 509,542.00$    

Fireproofing 7559 SF G-2 1500 5.04 900 4535.4 1 1 1.2 3.2 24,188.80$      

Crane 76.07 300 22,821.94$      

$1,197,517.36

76.07

Total Cost of Existing System:

Time to Construct System:

Shearwalls Amount Unit Crew
Daily 

Output
Days

Labor 

Hours/Unit
Labor Hours

Mat'l 

Cost/Unit

Labor 

Cost/Unit

Equip 

Cost/Unit

Total 

Cost/Unit

Total Cost 

w/ O&P
TOTAL COST

8" CMU Block 50019 SF D-8 395 127 0.101 5051.919 2.27 3.62 0 5.89 8 400,152.00$           

10" CMU Block 9716 SF D-8 320 30 0.125 1214.5 3.06 4.47 0 7.53 10.15 98,617.40$             

Reinforcement 17 Ton 4 Rodm 5.5 3 --- --- 810 420 0 1230 --- 20,910.00$             

Steel Amount Unit Crew
Daily 

Output
Days

Labor 

Hours/Unit
Labor Hours

Mat'l 

Cost/Unit

Labor 

Cost/Unit

Equip 

Cost/Unit

Total 

Cost/Unit

Total Cost 

w/ O&P
TOTAL COST

Columns 300 LF E-2 720 0.42 0.078 23.4 217 4.075 2.18 223.255 241 72,300.00$             

Baseplates 72 SF E-2 60 1.20 0.061 4.392 45 0 0 45 --- 3,447.74$               

Beams 417 LF E-6 750 0.56 0.068 28.356 199.5 3.475 1.41 204.385 219 91,323.00$             

Fireproofing 1434 SF G-2 1500 0.96 900 860.4 1 1 1.2 3.2 --- 4,588.80$               

Crane 36.58 300 10,974.62$             

$691,338.94

36.58

Total Cost of Existing System:

Time to Construct System:


