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COLUMN DESIGN

Assumptions: Roof Live Load Reduction
1) S.D.L. = 15 lbs R1 =

2) Roof Snow Load = 23 psf R2 =
  - added in after Roof LL accessed

**** Air Handling Units add approximately 50 psf to DL

Span Weight Story Ht. Total DL
ft psf ft kips
30 75 14 31.5

Floor Span Area  AT KLL AI L  DL LL LLR Tot. LL Tot. DL Factored Unfactored
Above ft x ft sq. ft sq. ft sq. ft psf psf psf kips kips kips kips

9 Roof 30 x 30 900 900 4 3600 0.600 125 40 47 42.3 112.5 202.68 154.80    ------->>Air Handling Units
8 9 30 x 30 900 1800 4 7200 0.427 85 100 42.68 38.41 76.5 355.94 269.71
7 8 30 x 30 900 2700 4 10800 0.400 85 100 40 36 76.5 505.34 382.21
6 7 30 x 30 900 3600 4 14400 0.400 85 100 40 36 76.5 654.74 494.71
5 6 30 x 30 900 4500 4 18000 0.400 135 100 40 36 121.5 858.14 652.21    ------->>"Mechanical Floor"
4 5 30 x 30 900 5400 4 21600 0.400 85 100 40 36 76.5 1007.54 764.71
3 4 30 x 30 900 6300 4 25200 0.400 85 100 40 36 76.5 1156.94 877.21
2 3 30 x 30 900 7200 4 28800 0.400 85 100 40 36 76.5 1306.34 989.71
1 2 30 x 30 900 8100 4 32400 0.400 85 100 40 36 76.5 1455.74 1102.21    ------->>Last Steel Column

Conc. Pier 1 30 x 30 900 9000 4 36000 0.400 140 100 40 36 126 1664.54 1264.21    ------->>Concrete Pier

Floor Span* Area AT KLL AI L  DL LL LLR Tot. LL Tot. DL Factored Unfactored
Above ft x ft sq. ft sq. ft sq. ft psf psf psf kips kips kips kips

9 Roof 30 x 45 1125 1125 4 4500 0.600 125 40 47 52.875 140.625 253.35 193.50    ------->>Air Handling Units
8 9 30 x 45 1125 2250 4 9000 0.408 85 100 40.81 45.91 95.625 441.56 335.04
7 8 30 x 45 1125 3375 4 13500 0.400 85 100 40 45 95.625 628.31 475.66
6 7 30 x 45 1125 4500 4 18000 0.400 85 100 40 45 95.625 815.06 616.29
5 6 30 x 45 1125 5625 4 22500 0.400 135 100 40 45 151.875 1069.31 813.16    ------->>"Mechanical Floor"
4 5 30 x 45 1125 6750 4 27000 0.400 85 100 40 45 95.625 1256.06 953.79
3 4 30 x 45 1125 7875 4 31500 0.400 85 100 40 45 95.625 1442.81 1094.41
2 3 30 x 45 1125 9000 4 36000 0.400 85 100 40 45 95.625 1629.56 1235.04
1 2 30 x 30 900 9900 4 39600 0.400 85 100 40 36 76.5 1778.96 1347.54    ------->>Last Steel Column

Conc. Pier 1 30 x 30 900 10800 4 43200 0.400 140 100 40 36 126 1987.76 1509.54    ------->>Concrete Pier
* Atypical Span constitutes 30' x 30' bay adjacent to 30' x 45' bay

Floor Span Area AT KLL AI L  DL LL LLR Tot. LL Tot. DL Factored Unfactored
Above ft x ft sq. ft sq. ft sq. ft psf psf psf kips kips kips kips

9 Roof 30 x 45 675 675 4 2700 0.600 125 40 47.00 31.73 84.38 152.01 116.10    ------->>Air Handling Units
8 9 30 x 45 675 1350 4 5400 0.454 85 100 45.41 30.65 88.88 307.71 235.63
7 8 30 x 45 675 2025 4 8100 0.417 85 100 41.67 28.13 88.88 459.36 352.63
6 7 30 x 45 675 2700 4 10800 0.400 85 100 40.00 27.00 88.88 609.21 468.50
5 6 30 x 45 675 3375 4 13500 0.400 135 100 40.00 27.00 122.63 799.56 618.13    ------->>"Mechanical Floor"
4 5 30 x 45 675 4050 4 16200 0.400 85 100 40.00 27.00 88.88 949.41 734.00
3 4 30 x 45 675 4725 4 18900 0.400 85 100 40.00 27.00 88.88 1099.26 849.88
2 3 30 x 45 675 5400 4 21600 0.400 85 100 40.00 27.00 88.88 1249.11 965.75
1 2 16 x 30 240 5640 4 22560 0.400 85 100 40.00 9.60 51.90 1326.75 1027.25    ------->>Last Steel Column

Conc. Pier 1 16 x 30 240 5880 4 23520 0.400 140 100 40 9.6 65.1 1420.23 1101.95    ------->>Concrete Pier

Floor Span Area AT KLL AI L  DL LL LLR Tot. LL Tot. DL Factored Unfactored
Above ft x ft sq. ft sq. ft sq. ft psf psf psf kips kips kips kips

9 Roof 30 x 16 240 240 4 960 0.600 125 40 47.00 11.28 30.00 54.05 41.28    ------->>Air Handling Units
8 9 30 x 16 240 480 4 1920 0.592 85 100 59.23 14.22 51.90 139.07 107.40
7 8 30 x16 240 720 4 2880 0.530 85 100 52.95 12.71 51.90 221.69 172.00
6 7 30 x16 240 960 4 3840 0.492 85 100 49.21 11.81 51.90 302.86 235.71
5 6 30 x16 240 1200 4 4800 0.467 135 100 46.65 11.20 63.90 397.46 310.81    ------->>"Mechanical Floor"
4 5 30 x16 240 1440 4 5760 0.448 85 100 44.76 10.74 51.90 476.92 373.45
3 4 30 x16 240 1680 4 6720 0.433 85 100 43.30 10.39 51.90 555.83 435.74
2 3 30 x16 240 1920 4 7680 0.421 85 100 42.12 10.11 51.90 634.28 497.75
1 2 30 x16 240 2160 4 8640 0.411 85 100 41.14 9.87 51.90 712.36 559.53    ------->>Last Steel Column

Conc. Pier 1 30 x16 240 2400 4 9600 0.403 140 100 40.30931 9.67 65.1 805.96 634.30    ------->>Concrete Pier

Column

Column

Column

Column

Gravity Column Design D
Typical Exterior Gravity Loads (North Side)

Gravity Column Design C
Typical Exterior Gravity Loads (South Side)

Gravity Column Design A
Typical Interior Gravity Loads

Gravity Column Design B
Atypical Interior Gravity Loads (South Side)

1
0.6

TABLE 4-2

Perimeter Wall DL
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Floor Span Area AT KLL AI L  DL LL LLR Tot. LL Tot. DL Factored Unfactored
Above ft x ft sq. ft sq. ft sq. ft psf psf psf kips kips kips kips

9 Roof 30 x 23 690 690 4 2760 0.600 125 40 47.00 32.43 86.25 155.39 118.68    ------->>Air Handling Units
8 9 30 x 23 690 1380 4 5520 0.452 85 100 45.19 31.18 58.65 275.66 208.51
7 8 30 x 23 690 2070 4 8280 0.415 85 100 41.48 28.62 58.65 391.84 295.78
6 7 30 x 23 690 2760 4 11040 0.400 85 100 40.00 27.60 58.65 506.38 382.03
5 6 30 x 23 690 3450 4 13800 0.400 135 100 40.00 27.60 93.15 662.32 502.78    ------->>"Mechanical Floor"
4 5 30 x 23 690 4140 4 16560 0.400 85 100 40.00 27.60 58.65 776.86 589.03
3 4 30 x 23 690 4830 4 19320 0.400 85 100 40.00 27.60 58.65 891.40 675.28
2 3 30 x 23 690 5520 4 22080 0.400 85 100 40.00 27.60 58.65 1005.94 761.53
1 2 30 x 23 690 6210 4 24840 0.400 85 100 40.00 27.60 58.65 1120.48 847.78   ------->>Last Steel Column

Conc. Pier 1 30 x 23 690 6900 4 27600 0.400 140 100 40.00 27.60 96.60 1280.56 971.98   ------->>Concrete Pier

Column

Gravity Column Design E
Atypical Interior Gravity Loads (North Side)

 

RAM
Force (kips) Size Size Given

Design A 1455.74 W12x152 W12x152
Design B 1778.96 W12x190 W12x190
Design C 1326.75 W12x136 W12x136
Design D 712.36 W12x72 W12x79
Design E 1120.48 W12x120 W12x120Atypical Interior Column (North Side)

Column Location Hand Calculations
Hand Calcuations vs. RAM Design

Typical Interior Column
Atypical Interior Column (South Side)
Typical Exterior Column (South Side)
Typical Exterior Column (North Side)

Gravity Column Redesign Comparison

 

RAM
Axial Moment Rq'd Amt. Pnmax Adequate?

Design A 1664.54 468 13.82 1714 YES
Design B 1987.76 468 20.32 1996 YES
Design C 1420.23 468 11.52 1714 YES
Design D 805.96 468 11.52 1714 YES
Design E 1280.56 468 11.52 1714 YES

Allowable Bearing Stress for Foo 20 ksf

Force (kips) Sq. Ft.
Design A 1664.54 83.22679
Design B 1987.76 99.38802
Design C 1420.23 71.01127
Design D 805.96 40.29798
Design E 1280.56 64.0278

(12) #10 bars

Concrete Pier Reinforcement Design

(12) #10 bars
(16) # 11 bars
(12) #10 bars

Configuation
Steel Checks

Hand Calculations

6' x 6'

Column Location Applied Loads

Typical Interior Column
Atypical Interior Column (South Side)
Typical Exterior Column (South Side)
Typical Exterior Column (North Side)
Atypical Interior Column (North Side)

(12) #10 bars

6' x 6'

6' x 6'
6' x 6'

6' x 6'Typical Exterior Column (North Side)
Atypical Interior Column (North Side) 8' x 8'

7' x 7'

Resizing of Pier Footings

Typical Interior Column
Atypical Interior Column (South Side)
Typical Exterior Column (South Side) 8' x 10'

10' x 10'
9' x 10'

Redesigned Size
New Footing Old FootingColumn Location Footing Loads

from Hand Calcuations

Previous Size
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Row Column Given Designed Notes Row Column Given Designed Notes
H RA W10x33 W10x33 Entrance Canopy I RB W12x53 W12x65
H 15.3 W12x79 W12x136 Lateral System I 16 W12x72 W12x96
H 16 W12x79 W12x136 Lateral System I 17 W12x72 W12x120
H 17 W12x65 W12x79 I 18 W12x120 W12x210 Lateral System
H 18 W12x96 W12x210 Lateral System I 19 W12x65 W12x190 Lateral System
H 18.8 W12x45 W12x190 Lateral System I RC W12x72 W12x106
H 19.3 W12x45 W12x65

Row Column Given Designed Notes Row Column Given Designed Notes
J RB W12x53 W12x72 K RB W12x53 W12x72
J 16 W12x87 W12x120 K 16 W12x87 W12x120
J 17 W12x96 W12x152 K 17 W12x106 W12x152
J 18 W12x96 W12x152 K 18 W12x96 W12x190
J 19 W12x87 W12x152 K 19 W12x96 W12x190
J 20 W12x72 W12x120 K 20 W12x106 W12x210
J RC W12x72 W12x106 K RC W12x106 W12x170 Lateral System

Row Column Given Designed Notes Row Column Given Designed Notes
L RB W12x53 W12x65 M 15.8 W12x45 W12x53
L 16 W12x96 W12x190 Lateral System M 16.5 W12x79 W12x210 Lateral System
L 16.5 W12x79 W12x210 Lateral System M 17 W12x65 W12x65
L 17 W12x40 W12x65 M 18 W12x87 W12x152
L 18 W12x40 W12x40 One Floor M 19 W12x87 W12x152
L 19 W12x40 W12x40 One Floor M 20 W12x72 W12x136
L 20 W12x40 W12x40 One Floor M 21 W12x65 W12x136
L 21 W12x40 W12x40 One Floor M 21.3 W12x45 W12x136

Row Column Given Designed Notes Row Column Given Designed Notes
L3 RC W12x45 W12x106 Lateral System RA R7 W10x33 W10x33 Entrance Canopy

RA R9 W10x33 W10x33 Entrance Canopy
L7 RA W10x33 W10x33 RA R11 W10x33 W10x33 Entrance Canopy
L7 RB W12x45 W12x45 RA R13 W10x33 W10x33 Entrance Canopy

RAM Gravity Column Redesign Results  (2nd Floor Column)
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Shear Wall Loads

W1 16.82 kips W1 1.99 kips
W2 213.62 kips W2 204.49 kips
W3 14.96 kips W3 6.5 kips
W4 14.47 kips W4 -3.01 kips
W5 186.3 kips W5 159.24 kips
W6 187.53 kips W6 184.61 kips
W7 172.83 kips W7 148.86 kips
W8 147.6 kips W8 -145.87 kips
W9 151.88 kips W9 143.22 kips
W10 150.57 kips W10 117.28 kips

W1 -15.07 kips W1 -3.87 kips
W2 120.84 kips W2 108.87 kips
W3 -15.21 kips W3 -6.37 kips
W4 -11.17 kips W4 -0.41 kips
W5 102.35 kips W5 90.05 kips
W6 91.62 kips W6 74.23 kips
W7 71.82 kips W7 -67.5 kips
W8 -94.44 kips W8 -73.31 kips
W9 57.35 kips W9 50.96 kips
W10 68.34 kips W10 67.16 kips

Lateral Frame # 7

Lateral Frame # 1

North-South Direction

Lateral Frame # 3

Lateral Frame # 5
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W1 81.32 kips W1 113.99 kips
W2 -12.47 kips W2 9.63 kips
W3 75.06 kips W3 95.85 kips
W4 67.25 kips W4 103.63 kips
W5 -21.39 kips W5 18.8 kips
W6 -0.43 kips W6 -1.95 kips
W7 51.64 kips W7 92.71 kips
W8 70.34 kips W8 78.27 kips
W9 55.86 kips W9 70.52 kips
W10 34.51 kips W10 91.72 kips
O1 98.2 kips O1 136.4 kips

W1 87.62 kips W1 75.34 kips
W2 27.24 kips W2 -1.61 kips
W3 72.76 kips W3 69.1 kips
W4 80.58 kips W4 62.74 kips
W5 34.32 kips W5 -9.89 kips
W6 13.36 kips W6 7.06 kips
W7 86.15 kips W7 55.29 kips
W8 45.28 kips W8 57.71 kips
W9 64.71 kips W9 57.04 kips
W10 86.06 kips W10 39.72 kips
O1 102.61 kips O1 98.88 kips

East-West Direction

Lateral Frame # 2 Lateral Frame # 4

Lateral Frame # 6 Lateral Frame # 8
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             Braced Frame Sections 
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Braced Frame Sections (Continued) 
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Shear Wall Check – Base Shear 
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Shear Wall Check – Overturning Moment 
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Concrete Pier Design Moment 
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Concrete Pier Reinforcement Design 
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