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Structural Depth Calculations
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Shear Wall Calculations

Estimates on how much load a certain shear wall absorbs can be made from the
principle of relative stiffness, which involves direct shear, torsion and bending.
After calculating the center of rigidity and the torsional constant for this building, it
became clear that the overall effect of eccentric loading on the center of stiffness
had a negligible impact on the outcome of the shear calculation. In fact,
calculating each shear wall using the direct shear method yielded a shear value
to within 99.2% of the actual shear.
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Distribution of Lateral Loads
Force Distribution Calculations
Element Height Depth h/d (h/d)*3 3(h/d) AF R
SW1 10 11 0.909090909 | 0.751314801 | 2.727272727 | 3.478587528 | 0.287473002
SW2 10 11 0.909090909 | 0.751314801 | 2.727272727 | 3.478587528 | 0.287473002
SW3 10 21 0.476190476 0.1079797 | 1.428571429 | 1.536551128 | 0.650808152
SW4 10 9 1.111111111 | 1.371742112 | 3.333333333 | 4.705075446 | 0.212536443
SW5 10 11 0.909090909 | 0.751314801 | 2.727272727 | 3.478587528 | 0.287473002
SW6 10 11 0.909090909 | 0.751314801 | 2.727272727 | 3.478587528 | 0.287473002
SW7 10 9 1.111111111 | 1.371742112 | 3.333333333 | 4.705075446 | 0.212536443
SW8 10 21.33 0.468823254 | 0.103045121 | 1.406469761 | 1.509514882 | 0.662464486
SW9 10 15.33 0.652315721 | 0.277570646 | 1.956947162 | 2.234517808 | 0.447523844
SW10 10 20 0.5 0.125 1.5 1.625 | 0.615384615
SW11 10 21.33 0.468823254 | 0.103045121 | 1.406469761 | 1.509514882 | 0.662464486
SW12 10 21.33 0.468823254 | 0.103045121 | 1.406469761 | 1.509514882 | 0.662464486
Center of Mass
Center of Mass Calculations
Distance from Reference
Element Area Height | Unit Weight | W X y Wx Wy
Floor 9790 | 0.666 0.15 978.021 64.66 18.33 | 63238.83786 | 17927.12
SWH1 11| 10.25 0.15 16.9125 5.5 0 93.01875 0
SW2 11| 10.25 0.15 16.9125 145.16 0 2455.0185 0
SW3 21| 10.25 0.15 32.2875 111.16 20.33 3589.0785 | 656.4049
SW4 9| 10.25 0.15 13.8375 76 31.16 1051.65 | 431.1765
SW5 11| 10.25 0.15 16.9125 29.17 48.66 493.337625 | 822.9623
SW6 11| 10.25 0.15 16.9125 168.83 48.66 | 2855.337375 | 822.9623
SW7 9| 10.25 0.15 13.8375 76 51.16 1051.65 | 707.9265
SW8 21.33 | 10.25 0.15 | 32.794875 0 45.66 0 | 1497.414
SW9 15.33 | 10.25 0.15 | 23.569875 48.665 11| 1147.027967 | 259.2686
SW10 20 | 10.25 0.15 30.75 48.83 47.84 1501.5225 | 1471.08
SW11 21.33 | 10.25 0.15 | 32.794875 45.66 139.66 | 1497.413993 | 4580.132
SW12 21.33 | 10.25 0.15 | 32.794875 45.66 150.66 | 1497.413993 | 4940.876
Xmass Ymass
63.95047 27.11300782
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Center of Rigidity
Center of Rigidity Calculations
Distance from
Reference
Element X y Rx Ry RxY RyX
SWA1 0| 0.287473002 0
SW2 0| 0.287473002 0
SW3 20.33 | 0.650808152 13.23092973
SW4 31.16 | 0.212536443 6.622635569
SW5 48.66 | 0.287473002 13.98843629
SW6 48.66 | 0.287473002 13.98843629
SW7 51.16 | 0.212536443 10.87336443
SW8 0 0.662464486 0
SW9 11 0.447523844 4.922762289
SW10 47.83 0.615384615 29.43384615
SW11 139.66 0.662464486 92.51979008
SW12 150.66 0.662464486 99.80689942
2.225773047 3.050301917 58.7038023 226.6832979
Xrigidity Yrigidity
74.315036 26.37456788

Torsion Issues

Because the centers of mass and rigidity do not coincide, any wind or seismic
loading will create inherent torsion on the building. The distance between the
two centers is 9.84’ East-West and 4.23’ North-South. By taking a consistent
sign convention, the results from the hand analysis closely match those found
from the RAM output.
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Lateral Load Distributions, Forces Parallel to Short Dimension
Controlling Shear (k): 541
Torsional
Element Ksn Cn Ksn Cn KsnCn”2 Direct Shear | Shear Hn
SW1 0.277428033 | 28.83 230.5895527 0| 2.313813323 | -2.31381
SW2 0.277428033 | 28.83 230.5895527 0| 2.313813323 | -2.31381
SW3 0.63268393 8.51 45.8190335 0| 1.557577614 | -1.55758
SwW4 0.204336725 2.32 1.099821987 0| 0.137141137 | 0.137141
SW5 0.277428033 | 19.798 108.7409147 0| 1.588930842 | 1.588931
SW6 0.277428033 | 19.798 108.7409147 0| 1.588930842 | 1.588931
SW7 0.204336725 | 22.29 101.523496 0 1.31761894 | 1.317619
SW8 0.644080967 | 75.24 3646.179454 | 117.5532719 | 14.01917915 | 131.5725
SW9 0.433880125 | 64.24 1790.526782 | 79.1888457 | 8.063222091 | 87.25207
SW10 0.598046304 | 27.41 449.3170325 | 109.1513387 | 4.742170661 | 113.8935
SW11 0.644080967 | 64.44 2674.554976 | 117.5532719 | 12.00685678 | 105.5464
SW12 0.644080967 | 75.44 3665.589478 | 117.5532719 | 14.05644438 | 103.4968
Lateral Load Distributions, Forces Parallel to Long Direction
Controlling Shear (k): 541
Torsional

Element Ksn Cn Ksn Cn KsnCn”2 Direct Shear | Shear Hn
SW1 0.277428033 | 28.83 230.5895527 | 69.77392639 | 6.212157833 | 75.98608
SW2 0.277428033 | 28.83 230.5895527 | 69.77392639 | 6.212157833 | 75.98608
SW3 0.63268393 8.51 45.8190335 | 159.1217786 | 4.181805801 | 163.3036
SwW4 0.204336725 2.32 1.099821987 | 51.39125793 | 0.368198411 | 51.02306
SW5 0.277428033 | 19.798 108.7409147 | 69.77392639 | 4.265983377 | 65.50794
SW6 0.277428033 | 19.798 108.7409147 | 69.77392639 | 4.265983377 | 65.50794
SW7 0.204336725 | 22.29 101.523496 | 51.39125793 | 3.537561453 | 47.8537
SW8 0.644080967 | 75.24 3646.179454 0| 37.63888499 | -37.6389
SW9 0.433880125 | 64.24 1790.526782 0| 21.64824957 | -21.6482
SW10 0.598046304 | 27.41 449.3170325 0| 12.73184501 | -12.7318
SW11 0.644080967 | 64.44 2674.554976 0| 32.23617423 | 32.23617
SW12 0.644080967 | 75.44 3665.589478 0| 37.73893519 | 37.73894
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Story Drift (L to long direction)
Level Wind Seismic
Building Height to Low
1 0.023 0.048 Roof
2 0.07 0.16 130'-0"
3 0.122 0.31
4 0.19 0.49 Equivalent Drift, Seismic
5 0.26 0.7 | L/ 402.0618557
6 0.34 0.93
7 0.43 1.18 Equivalent Drift, Wind
8 0.53 1.47 | L/ 1300
9 0.61 1.74
10 0.71 2.02
11 0.8 2.3
Roof 0.88 2.58
Penthouse 1.2 3.88

Wind Calculations

Wind load calculations were performed according to ASCE 7-05 using method 2
— analytical procedure. K; was assumed to be equal to 1.0 and the building was

considered enclosed when analyzing the main wind force resisting system
(mwfrs) according to case 1. Through seismic calculations, the building was

determined to be rigid. Linear interpolation was used where permitted.

Velocity Pressures by Floor

Level Height Kz qz
1 0 0.57 | 12.4032
2 12 0.57 | 12.4032
3 22.25 0.64 | 13.9264
4 32.5 0.715| 15.5584
5 42,75 0.7725 | 16.8096
6 53 0.8234 | 17.91718
7 63.25 0.8634 | 18.78758
8 74.25 0.908 | 19.75808
9 84.5 0.943 | 20.51968
10 94.75 0.975 21.216
11 105 1.0025 | 21.8144
Low Roof 115.25 1.0275 [ 22.3584
High Roof 130  1.065 —
Parapet 132 1.07 [ 23.2832
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Level

O ~NO O WN -

©

10

11
Low Roof
High Roof
Parapet

Height

0

12
22.25
32.5
42.75
53
63.25
74.25
84.5
94.75
105
115.25
130
132

Story
Shear

Level

ONO O WN -~

©

10

11
Low Roof
Total

p W-w
8.371749
8.371749
9.399858

10.5014
11.34592
12.09351

12.681
13.33605
13.8501
14.3201
14.724
15.09118
15.64195
34.9248

155

155’

p I-w
-4.51661
-4.51661
-4.51661
-4.51661
-4.51661
-4.51661
-4.51661
-4.51661
-4.51661
-4.51661
-4.51661
-4.51661
-4.51661
-23.2832

1178

8.506319
7.265814
7.845411
8.466408
8.942505
9.363954
10.40455
10.06444
10.35424

10.6192
10.84689
15.90682

37.72452
32.22303
34.04851
36.00438
37.50389
38.83127
42.79204

41.0375
41.95024
42.78475

43.5019
63.53848

118.5866

Seismic Calculations

491.9405

p roof
-18.96587
-15.64195

Overturning

Level

Low Roof

Total

2, O OWoONOOOPDWN -~

_—
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p W-w

1178
p I-w
8.147242 -9.51405
8.147242 -9.51405
9.147781 -9.51405
10.21979 -9.51405
11.04166 -9.51405
11.76919 -9.51405
12.34093 -9.51405
12.97841 -9.51405
13.47868 -9.51405
13.93607 -9.51405
14.32914 -9.51405
14.68648 -9.51405
15.22248 -9.51405
34.9248 -23.2832
155’ 1178
51.03792 226.3471
124.4271 551.8193
214.7681 932.0779
318.5486 1354.665
428.1224 1795.499
544.2799 2257.068
715.3131 2941.953
798.8648 3257.351
927.9985  3759.79
1060.592 4273.127
1194.514 4790.647
1950.574 7791.406
8329.041 33931.75

p roof
-19.7892

As the vertical distribution of forces shows, seismic analysis was the controlling
factor in both directions. That is, the seismic base shear, which is the same in
both directions, was larger than either direction of wind base shear. This result is
not surprising, as the seismic response is based on the building weight.

Concrete buildings tend to carry more mass per story, and consequently are

often controlled by seismic design criteria.
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The overturning moment also turned out to be larger for seismic than wind. This
can be attributed to larger forces being present at higher elevations for the
seismic design. The vertical distribution of forces equation attempts to take a
whiplash effect into account. As the base of the building moves one way, the top
wants to catch up to it. As it does this, the base of the building switches
directions and moves back, thus pulling the top of the building back to its original
position with much greater force.

Once the seismic and wind forces are determined, the analysis of the lateral
elements of the building can begin. Because the seismic load controls, the shear
walls will be analyzed according to their relative stiffness within the group using

seismic load.

Seismic Inputs

530.594332

\S/j”able vae 0.152 Floor J\?é?g;ht Elevation Elic;cr)]r Weight Story Shear
S; 0.5 1 0 0 Roof 66214 2.14732002
F. 16 2 1276136 12 LowRoof 990714  32.128855
F 04 3 1566041 2225 11 2556755 82.9155647
3 1 4 1566041 32.5 10 4122796 133.702274
SM, 0.2432 2 1222321 42'22 9 5688837 184.488984
SM, 1.2 7 1566041 63,05 8 7254878 235.275694
SD, 0.16213333 8 1566041 24,05 7 8820919 286.062403
SD, 0.8 9 1566041 845 6 10386960 336.849113
[R 5 10 1566041 94.75 5 11953001 387.635822
C, 0.03243 11 1566041 105 4 13519042 438.422532
C, 0.02 'F-{%ng 624500 1508 3 15085083 489.209242
h, 130 High ' 2 16361219 530.594332
X 0.75 Roof 66214 130 1 16361219 530.594332
Ta 0.7699943

To 0.98684211

T 4.93421053
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Floor
High
Roof
Low
Roof

—_
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CVX
0.00906249

0.11036758
0.16819967
0.14968997
0.13144911
0.1135052
0.09461914
0.07741558
0.06065796
0.04443886
0.02890646
0.01168799
0

F (k)
4.80850739

58.5604134
89.2457906
79.4246482
69.7461519
60.225216
50.2043777
41.0762699
32.1847679
23.5790064
15.3376016
6.20158118
0

1

Column Calculations

530.594332
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First
Floor 42546.1255

Column D-3 is a 12"x24” column with eight number 9 vertical reinforcing bars, 4
in each face. Assuming a cover of 1-1/2” all around, | found the pure axial
capacity of the column to be 1788k. Similarly, the pure bending capacity of the
column, about an axis perpendicular to the 24” side, was found to be 410 ft-k.
The balanced strain condition is the last point needed to make a preliminary
column interaction diagram. After calculating the balanced condition, which
yielded 611k of compression and 597.6 ft-k of bending capacity, the diagram

looked like this:

nesk |
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Joook. <+
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.
597.6 -k
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If the actual point lies somewhere inside this conservative area, the column is
deemed adequate.
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Post Tensioning Analysis
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