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Executive Summary

The purpose of this report was to study the existing structural conditions of Aquablue at the Golden Mile. After
studying the drawings, it has been determined that the primary method of resisting the lateral forces is a system
of shear walls that extend from the first level through the two towers of the building. As for the transfer of
gravity loads, the typical floor framing is a two-way, flat plate, post-tensioned slab supported by reinforced
concrete columns. Based on the rectangular columns and the extremely long and narrow building dimensions, it
has been assumed that the slab and column system also serves as a part of the lateral force resisting system.

The preliminary wind and seismic calculations have proven that the lateral loads are very severe for this
building. Due to the height of the building (approximately 280’), the location (coast of Puerto Rico) and the
uneven overall dimensions, the lateral forces are especially strong in the direction perpendicular to the larger
face of the building. With base dimensions of 119'x487’, the wind forces applied parallel to the 119’ dimension
could possible cause problems with overturning. The lateral system will be investigated further in the third
technical assignment.
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General Building Information

T
Aquablue at the Golden Mile is a high-rise 5 ‘Ww
apartment building in Hato Rey, Puerto : A =
Rico, which is a sub-district of San Juan. It N /{

rque
b ﬁ Central Y
A

(i o

is located in an urban area, about two
miles away from the San Juan Bay (fig. 1).
The building size is about 900,000 square

| Canmal o
Martin Pena_

feet, and there are 31 stories above

grade. The ground level will be

AR
developed as a commercial area, and the
rest of the floors up until level 7 will be
used for both parking and office space.
Level 7 is an indoor/outdoor public area
for the apartment residents, and the
floors above are private apartments,
which are separated into two towers.

There is a sky lobby above the penthouse

apartments.
Fig. 1 — Building Site (maps.google.com — Hato Rey Central, Puerto Rico)

The parking structure is open, with concrete parapets along the exterior.
As an architectural feature, there are two sections of an 8” masonry wall
that extend from the ground up to level 7. The office areas of these floors
are enclosed with a glass curtain wall system, as can be seen at the bottom
of figure 2. Above level 7, the primary fagcade materials are glass and
concrete precast panels.

The primary building material is reinforced concrete, and the structure
consists of a building frame system with concrete shear walls. Each floor
has a post-tensioned slab supported by columns, but there are no beams
transferring the gravity loads. However, there are some beams in the
building that are a part of the lateral system.

Fig. 2 — Rendering of Aquablue
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Codes

= Codes used in this report for preliminary wind and seismic analyses:
0 ASCE 7-05 (American Society of Civil Engineers, “Minimum Design Loads for Buildings and Other
Structures”)
=  Chapters 6 and C6 — Wind Loads (Method 2)
= Chapters 11 and 12 — Seismic Loads (Equivalent Lateral Force Procedure)

= Codes used in this report for initial structural member ‘spot checks’:

o IBC 2006
= Section 1607 — Live Loads
0 ACI318-08

= Chapter 9 — Strength Reduction Factors
=  Chapter 10 — Compressive Member Design
=  Chapter 18 — Prestressed Concrete

=  Major national model codes used by De-Simone Consulting Engineers:
0 Puerto Rico Building Code 1999
0 UBC 1997 (Uniform Building Code)
O ACI 318-99 (American Concrete Institute “Building Code Requirements for Structural Concrete”)
0 ACI 530-99 (American Concrete Institute “Building Code Requirements for Masonry Structures”)
0 SJ1 1994 (Steel Joist Institute “Standard Specifications, Load Tables and Weight Tables
for Steel Joists and Joist Girders”)
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Typical Elevations and Framing Plans
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Fig. 4 — East Elevation
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There are two typical floor plans in this building: one to represent the parking garage levels and one for the
apartment levels. As seen below on one of the parking level plans (fig. 5), there are not a whole lot of elements

in the gravity-based structural system. The columns are supporting a two-way, flat plate, post-tensioned slab.
There are no beams running from column to column throughout the floor plans.

Fig. 6 — Shear Wall Layout on a Parking Level

A system of reinforced concrete shear walls concentrated toward the center of the floor plan composes the
lateral force resisting system. An example of the shear wall system for one of the parking garage levels is shown
above in figure 6. The most shear walls are at the base of the building, and as they move up through the floors,
they become slightly less complex. The plan below (fig. 7) is a typical apartment level floor plan, and it combines
the columns and shear walls into one figure.

Fig. 7 — Column and Shear Wall Layout for Typical Apartment Level
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Detailed Description of Structure

The foundation consists of drilled piles that are aligned with the columns. They are the primary foundation
system, although there are some grade beams as well. (The grade beams are only used occasionally; they do
not span all of the piles.) At the foundation level, there is a 10” reinforced concrete slab.

Each floor consists of a two-way, post-tensioned structural slab supported by reinforced columns, which span
between 25’-0” and 34’-0”. ltis a flat plate system, so beams are not a part of the general floor framing. The
slabs are 9” thick for the first six stories, which are all parking levels. At level 7, parts of the slab are 12” thick
because the loads are heavier on this level. There is an outdoor pool, landscaping, and a finished outdoor area.
For the apartment levels, the post-tensioned slabs are 8” thick.

T Y I

The primary lateral force i i ; 3 f :], 2 ﬁ =
resisting system is a series of L gc By
shear walls near the core of | 1| | TERMINATE BOT. ENDS .8-3, . 106" O.C. =5/~ L.’
the building. They are 18” | || 80 nook, e, . ® ‘ 1] e B
thick, and most of them F““"l DOOR OPENING

i N | P Teeowsorrr  4e6"oc. | o
require boundary elements. | ] oF IéE:'Ell). P7, =2-0 A
The system of shear walls is | =, |
grouped into two sections, and L# - L — : :
each one extends into one of )k/ _/ i
the apartment towers. Figure Li";gf—_‘;-.‘?s bidasas e 03—/ :_-T_’
8 shows an example of one i TYPE B1
section of shear walls that E(/_ TYPE Al
extends from level 7 through : J )i 8o 0L
level 9. _? %

I

The slab and column framing == f—‘;? Er —a— 3 3
system also serves as a g'; g Z
secondary lateral force N.Q — e TYPE D4
resisting system. Together 0 s
they serve as a moment frame, S 1
which can be deduced from 8| Iifﬂ%\
the column dimensions. The =1 i) - Tvee o

average column is 18"x48”, Fig. 8 — Example of Shear Wall System

with the long dimension parallel

to the direction of the critical lateral force. There are also beams on either end of the apartment levels,
spanning the short dimension. It is assumed that they, too, are a part of the moment frame to resist the
extremely high lateral forces.
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There is one expansion joint, which breaks the
building into two sections that are nearly square. ltis
a 5” seismic joint, and it runs parallel to the short
dimension of the building.

The material strengths of the concrete for the
various structural elements are listed in table 1. The
concrete strength of the slabs and columns changes
around level 12.

Concrete Material Strengths

Structural Component Strength, f'; (ksi)
pile cap 4
retaining wall / basement wall 4
grade beam 4
slab on grade 5

foundation - level 12 6
formed slab

above level 12 5
beams 5
parapet / vehicle barrier wall 5

foundation - level 13 8
columns

above level 13 6

Table 1 — Concrete Strengths for Various Structural Elements

Technical
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Preliminary Wind Analysis

The following analysis is based on Method 2 (analytical method) for 5 Basic Wir::d Speed - :|/= 145 mph
ccupancy Category -
wind design in ASCE 7-05. All variables were determined or pancy gory
Exposure Category - B
estimated from the code (table 2). The building was assumed to be Importance Factor - [=1.0
flexible based on the calculated natural frequency. For more Damping Ratio - B=2%
information on the determination of variables and calculations of Natural Frequency - n;=0.362Hz
wind pressures, see Appendix A. Table 2 — Basic Variables for Wind Calculations
w
na’ s+ N
E
49+

Fig. 9 — Plan Dimensions and Wind Directions

The diagrams below (figs. 10 and 11) represent the windward and leeward velocity pressures (in psf) for both
the north-south and east-west directions (see fig. 9). The information is also listed in table format with the total
design wind pressures (table 3). Lastly, the story forces and cumulative story shears are tabulated for each of
the wind directions in table 4.

4k 9
— 150
45.5—
— o'
47.3—
— 180"
1.5
4 — 10! 1.3

— 20 K

Fig. 10 — Wind Pressures (psf) for the North-South Direction
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Fig. 11 — Wind Pressures (psf) for the East-West Direction

North-South Direction East-West Direction
Height above | Windward Leeward Total wind | Windward Leeward Total wind
ground level, pressure suction pressure pressure suction pressure
zorh (ft) (psf) (psf) (psf) (psf) (psf) (psf)
15 20.38 -11.71 32.09 18.01 -25.87 43.88
20 22.13 -11.71 33.85 19.56 -25.87 45.43
25 23.59 -11.71 35.30 20.85 -25.87 46.72
30 24.85 -11.71 36.56 21.96 -25.87 47.83
40 26.98 -11.71 38.69 23.84 -25.87 49.71
50 28.76 -11.71 40.47 25.41 -25.87 51.28
60 30.29 -11.71 42.00 26.77 -25.87 52.64
70 31.65 -11.71 43.37 27.97 -25.87 53.85
80 32.89 -11.71 44.60 29.06 -25.87 54.94
90 34.01 -11.71 45.72 30.06 -25.87 55.93
100 35.05 -11.71 46.76 30.97 -25.87 56.85
120 36.93 -11.71 48.64 32.63 -25.87 58.50
140 38.59 -11.71 50.30 34.10 -25.87 59.97
160 40.09 -11.71 51.80 35.43 -25.87 61.30
180 41.46 -11.71 53.17 36.64 -25.87 62.51
200 42.73 -11.71 54.44 37.76 -25.87 63.63
250 45.54 -11.71 57.25 40.24 -25.87 66.12
276 46.85 -11.71 58.56 41.40 -25.87 67.27
* up to level 7 (parking structure) * above level 7 (residential towers)

Table 3 — Wind Pressures (psf)
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North-South Direction East-West Direction
Overturning Overturning
Floor Story Total Moment Floor Story Total Moment
Elevation | Force Story Contribution from Elevation | Force Story Contribution from

Level (ft) (k) Shear (k) Each Level (ft-k) Level (ft) (k) Shear (k) Each Level (ft-k)

2 10.8 57.4 1230.5 622 2 10.8 320.6 6104.4 3473

3 19.2 34.2 1173.0 656 3 19.2 186.4 5783.8 3573

4 27.5 36.5 1138.8 1005 4 27.5 194.7 5597.4 5354

5 35.8 38.5 1102.3 1379 5 35.8 201.7 5402.7 7228

6 44.2 50.4 1063.8 2225 6 44.2 260.4 5201.0 11500

7 56.7 56.5 10134 3204 7 56.7 288.8 4940.6 16365

8 66.6 49.1 956.8 3272 8 66.6 248.6 4651.8 16562

9 75.6 334 907.7 2522 9 75.6 171.3 4403.2 12947

10 84.5 34.2 874.4 2891 10 84.5 174.4 4231.9 14741

11 93.5 34.9 840.2 3262 11 93.5 176.9 4057.6 16542

12 102.5 36.1 36.1 3695 12 102.5 181.2 181.2 18567

13 111.4 36.4 769.2 4054 13 111.4 182.4 3699.4 20319

14 120.4 37.1 732.8 4461 14 120.4 184.9 3517.1 22252

15 129.3 37.6 695.8 4866 15 129.3 187.0 3332.2 24180

16 138.3 38.0 658.1 5251 16 138.3 188.2 3145.3 26032

17 147.3 38.7 620.2 5706 17 147.3 191.1 2957.0 28140

18 156.2 38.8 581.4 6065 18 156.2 191.4 2765.9 29897

19 165.2 39.8 542.6 6569 19 165.2 194.9 2574.5 32187

20 174.1 39.8 502.8 6925 20 174.1 194.9 2379.6 33933

21 183.1 40.6 463.1 7428 21 183.1 197.8 2184.8 36218

22 192.0 40.7 422.5 7820 22 192.0 198.4 1987.0 38095

23 201.0 42.0 381.8 8444 23 201.0 203.1 1788.6 40826

24 210.0 42.8 339.7 8991 24 210.0 206.1 1585.5 43279

25 218.9 42.8 296.9 9375 25 218.9 206.1 1379.3 45125

26 227.9 42.8 254.1 9759 26 227.9 206.1 1173.2 46972

27 236.8 42.8 211.3 10142 27 236.8 206.1 967.1 48818

28 245.8 45.7 168.5 11227 28 245.8 211.6 761.0 52002

29 254.8 46.7 122.8 11894 29 254.8 224.9 549.4 57288
l’:\: 2637 | 527 | 761 13887 I:z/c;fl 2637 | 2536 | 3245 66888
sky sky
I;)::fy 275.0 23.4 23.4 6441 k:::: 275.0 70.9 70.9 19483
level level

Total Overturning Moment (ft-k) = ‘ 174040 Total Overturning Moment (ft-k) = | 838785

Table 4 — Total Story Shears and Overturning Moment Due to the Wind Load in Each Direction
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Preliminary Seismic Analysis

The equivalent lateral force procedure from ASCE7-05
was used for the seismic analysis, and the building was
assumed to be rigid. The latitude and longitude of the
site were determined from an online map, and the
spectral response accelerations were determined from
an online calculator. (See Appendix B for the
references.) The other design variables were
determined from the code, although there were a few
differences between the code values and design values.

The design engineers used a value of 0.0389 for C,, which

SiteClass - B
Spectral Response Accelerations - S;=0.882
- §;=0.301
- Sps=0.588
- Sp1=0.201
Seismic Design Category - D
Response Modification Coefficient - R=5.5
Period - T=2.517sec
Seismic Response Coefficient - C,=0.0145

Table 5 — Basic Variables for Seismic Analysis

would cause a large difference in the calculated base shear (see table 5 for C; value used in this analysis). Also,

the spectral response accelerations were slightly different. The design engineers used a value of 0.73 for S, and

a value of 0.41 for S;. However, since no calculations were done in this report for the lateral force resisting

system, the magnitude of these differences is yet unknown.

Dead Weight per
Level(s) Load (psf) | Area (ft?) Floor (k)

2 186.5 51950 9689
3to6 166.8 51950 8665
7 231.3 51950 12016
8to 17 196.6 26150 5141
18 to 27 194.6 26150 5089
28to 29 189.9 28700 5450
Roof 159.7 28700 4583
Sky Lobby Roof 127.5 9480 1209

Total Building Weight, W (k) = 175357

C, = 0.0145
Base Shear, V (k) = 2543

Table 6 — Building Weight Contribution from Each Story

The assumed dead load per floor was calculated
based on the primary structural members and other
assumed material weights (see Appendix B for the
complete spreadsheet), and the values are listed in
table 6. An equation from the code was used to
relate the weights and heights of each level and
determine the lateral seismic force per floor. These
values were then added to determine the total shear
forces at each story. See table 7 on the next page
for a summary of these calculations.

Technical
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Lateral Seismic Design Overturning
Weight, w, Height, h, Seismic Story Shear, V, Moment from
Level (k) (ft) Force, F, (k) (k) Each Level (ft-k)
2 9689 10.833 0.8 2543.0 8
3 8665 19.167 2.1 2542.2 41

4 8665 27.500 4.4 2540.1 121

5 8665 35.833 7.5 2535.7 267

6 8665 44.167 11.3 2528.2 501

7 12016 56.667 25.9 2516.9 1466

8 5141 66.625 15.3 2491.0 1020

9 5141 75.583 19.7 2475.7 1489

10 5141 84.542 24.6 2456.0 2083

11 5141 93.500 30.1 2431.4 2818

12 5141 102.458 36.2 2401.2 3709

13 5141 111.417 42.8 2365.0 4769

14 5141 120.375 50.0 2322.2 6014

15 5141 129.333 57.7 2272.3 7459

16 5141 138.292 65.9 2214.6 9119
17 5141 147.250 74.8 2148.7 11009
18 5089 156.208 83.3 2073.9 13010
19 5089 165.167 93.1 1990.6 15379
20 5089 174.125 103.5 1897.5 18019
21 5089 183.083 114.4 1794.0 20946
22 5089 192.042 125.9 1679.6 24174
23 5089 201.000 137.9 1553.7 27717
24 5089 209.958 150.5 1415.8 31591
25 5089 218.917 163.6 1265.4 35809
26 5089 227.875 177.2 1101.8 40388
27 5089 236.833 191.4 924.6 45341
28 5450 245.792 220.8 733.1 54278
29 5450 254.750 237.2 512.3 60432
Roof 4583 263.708 213.8 275.1 56370
Sky Lobby 1209 274.958 61.3 61.3 16856
Total Overturning Moment (ft-k) = | 512204

Table 7 — Story Forces and Cumulative Story Shears Based on Seismic Analysis
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‘Spot Check’ Calculations

Various ‘spot-checks’ were calculated in order to compare with the existing design. For this report, an interior
column and an area of a typical post-tensioned slab were analyzed. Although there are some beams throughout
the structure, they were not assessed because they are not a part of the structural system that supports gravity
loads. The International Building Code (2006) was used to determine the live loads, which are summarized
below in table 8.

Design Load Used by De-Simone | IBC 2006 Recommended

Area Consulting Engineers Code Load

roof 20 psf (reducible) 20 psf

residential area 40 psf (reducible) 40 psf

public area 100 psf (non-reducible) 100 psf (non-reducible)
garage or driveway 50 psf (reducible) 40 psf

corridors - residential

100 psf (non-reducible)

100 psf (non-reducible)

corridors - public area

100 psf (non-reducible)

100 psf (non-reducible)

stairs

100 psf (non-reducible)

100 psf (non-reducible)

office

80 psf (reducible)

50 psf

Table 8 — Comparison of Live Loads

Many of the design live loads are the same, but there is a difference in the parking garage load and the office
load. The likely reason for the difference in the parking garage load is the recent change in code. The design
engineers used an older code for this project, and the garage live load was reduced from 50 psf to 40 psf a few
years ago. For the office area, the engineers likely used a higher load because it is currently an open floor plan
and the corridors either are non-existent or their locations are unknown.

The checks were done at level 13, which is a part of the residential section, and the primary code used was ACI
318-08. The column capacity was found to be adequate for the factored gravity load, but the simple post-
tensioned slab analysis did not match up with the actual design. The slab thickness was appropriate, but the
calculated number of tendons exceeded the number of tendons in the design. (The calculations in Appendix C
require 23 tendons, while the design has only 15 tendons.) This inconsistency can be attributed to possible
inappropriate assumptions, such as the assumed tendon force of 26.6 k or the assumed target load balance of
65% of the self weight. Also, there could be other components of the slab (such as extra reinforcement bars)
that allow for fewer tendons to be used.

More in depth structural calculations will be completed in the third technical report, which will include a
detailed description and analysis of the lateral system.
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Appendix A — Wind Calculations

The following calculations and spreadsheets were used to provide the summarized wind data in this report. The
appendix includes information on all of the intermediate variables used to calculate the wind pressures and
story forces.
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SUMMARY OF WIND PRESSURES
North-South Direction East-West Direction
Height
above windward leeward total wind | windward leeward total wind
ground level, pressure suction pressure pressure suction | pressure
zorh(ft) | K ork, | g;oraqs(psf) (psf) (psf) (psf) (psf) (psf) {psf)

* up to level 7 (parking structure)
* above level 7 (residential towers)
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APPLICATION OF WIND LOADS — Stovy Forces
North-South Direction
Total Wind Overturning
Floor Pressure, Moment
Elevation | Elevations for Tributary | Tributary windward + Story Total Story | Contribution from
Level (ft) Height of Each Level (ft) | Width (ft) leeward (psf) |Force (k)] Shear (k) Each Level (ft-k)
. 10.833 0.000 15.000 119.333 32.09 57.44 1230.46 622.28
.84
3 19.167 15.000 23.333 119.333 ;2 20 34.23 1173.02 656.13
35.30
4 27.500 23.333 31.667 119.333 36.56 36.53 1138.79 1004.57
38.69
5 35.833 31.667 40.000 119.333 38.69 38.48 1102.26 1378.69
6 44.167 40.000 50.417 119.333 :gg; 50.38 1063.78 2225.23
42.00
7 56.667 50.417 61.646 119.333 2537 56.55 1013.40 3204.48
43.37
8 66.625 61.646 71.104 119.333 24.60 49.11 956.85 3272.19
44 .60
9 75.583 71.104 80.063 83.500 25.72 33.37 907.73 2522.03
10 84.542 80.063 89.021 83.500 45.72 34.20 874.37 2891.28
11 93.500 89.021 97.979 83.500 ::';é 34.89 840.17 3262.44
46.76
12 102.458 97.979 106.938 83.500 2862 36.07 36.07 3695.31
13 111.417 106.938 115.896 83.500 48.64 36.38 769.21 4053.75
14 120.375 115.896 124.854 83.500 :g:g 37.06 732.82 4460.68
15 129.333 124.854 133.813 83.500 50.30 37.63 695.77 4866.22
16 138.292 133.813 142.771 83.500 :S:g 37.97 658.14 5251.28
17 147.250 142.771 151.729 83.500 51.80 38.75 620.17 5705.57
18 156.208 151.729 160.688 83.500 g;?g 38.83 581.42 6064.96 y
19 165.167 160.688 169.646 83.500 53.17 39.77 542.60 6569.05
20 174.125 169.646 178.604 83.500 53.17 39.77 502.82 6925.35
21 183.083 178.604 187.563 83.500 :3:1 40.57 463.05 7428.47
22 192.042 187.563 196.521 83.500 54.44 40.72 422.48 7820.37
23 201.000 196.521 205.479 83.500 ;:;2 42.01 381.76 8443.58
24 209.958 205.479 214.438 83.500 57.25 42.82 339.75 8991.30
25 218.917 214.438 223.396 83.500 57.25 42.82 296.92 9374.93
26 227.875 223.396 232.354 83.500 57.25 42.82 254.10 9758.56
27 236.833 232.354 241.313 83.500 57.25 42.82 211.28 10142.20
28 245,792 241.313 250.271 89.000 g;;: 45.68 168.45 11226.91
29 254.750 250.271 259.229 89.000 58.56 46.69 122.77 11894.12
roof level | 263.708 259.229 269.333 89.000 58.56 52.66 76.09 13887.22
sky lobby
roof level 274.958 269.333 276.000 60.000 58.56 23.42 23.42 6440.62
Total Overturning Moment (ft-k) = 174039.79
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APPLUICATION OF WIND LOADS — Stovy Fovues
East-West Direction
Total Wind Overturning
Floor 4 Pressure, Moment
Elevation Elevations for Tributary Tributary windward + Story | Total Story | Contribution from
Level (ft) Height of Each Level (ft) Width (ft) leeward (psf) |Force (k)| Shear (k) Each Level (ft-k)
2 10.833 0.000 15.000 486.917 43.89 320.56 | 6104.38 3472.75
3 19.167 15.000 23.333 486.917 ::‘g 186.43 | 5783.82 3573.29
46.72
4 27.500 23.333 31.667 486.917 47.83 194.70 5597.39 5354.30
49.71
5 35.833 31.667 40.000 486.917 49.71 201.71 | 5402.68 7227.77
6 44.167 40.000 50.417 486.917 i;‘:i 260.37 | 5200.98 11499.70
7 56.667 50.417 61.646 486.917 ;;g; 288.79 4540.61 16364.64
53.85
8 66.625 61.646 71.104 486.917 ey 248.59 | 4651.82 16562.17
54.94
9 75.583 71.104 80.063 348.000 593 171.30 | 4403.23 12947.20
10 84.542 80.063 89.021 348.000 55.93 17436 | 4231.94 14740.84
i 93.500 89.021 97.979 348.000 ::‘2: 176.92 | 4057.57 16541.68
12 102.458 97.979 106.938 348.000 :g‘gg 181.21 181.21 18566.82
13 111.417 106.938 115.896 348.000 58.50 182.37 3699.44 20319.48
14 120.375 115.896 124.854 348.000 ;g'gg 184.86 | 3517.07 22252.16
15 129.333 124.854 133.813 348.000 59.97 186.96 | 3332.21 24179.70
97
16 138.292 133.813 142.771 348.000 Z? go 188.24 | 3145.26 26031.88
17 147.250 142.771 151.729 348.000 61.30 191.10 | 2957.02 28139.88
1.30
18 156.208 151.729 160.688 348.000 22 e 19139 | 2765.92 29897406
19 165.167 160.688 169.646 348.000 62.51 194.87 | 2574.52 32186.84
20 174.125 169.646 178.604 348.000 62.51 194.87 | 2379.65 33932.60
62.51
21 183.083 178.604 187.563 348.000 ) 197.82 | 2184.77 36218.00
22 192.042 187.563 196.521 348.000 63.63 198.37 | 1986.95 38094.64
23 201.000 196.521 205.479 348.000 gzg; 203.11 | 1788.58 40825.98
24 209.958 205.479 214.438 348.000 66.12 206.13 | 1585.47 43278.52
25 218.917 214.438 223.396 348.000 66.12 206.13 | 1379.34 45125.10
26 227.875 223.39 232.354 348.000 66.12 206.13 1173.21 46971.67
27 236.833 232.354 241.313 348.000 66.12 206.13 967.08 48818.24
a2
28 245.792 241.313 250.271 357.000 23 = 21157 760.95 52002.44
29 254.750 250.271 259.229 373.167 67.27 224.88 549.38 57288.27
roof level | 263.708 259.229 269.333 373.167 67.27 253.64 324.50 66888.06
sky Tobby
roof level | 274958 | 269.333 | 276.000 | 158.000 67.27 70.86 70.86 19482.92
Total Overturning Moment (ft-k) = 838784.58
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Appendix B — Seismic Calculations

The following calculations and spreadsheets were used to provide the summarized seismic data in this report.
The appendix includes information on all of the intermediate variables used to calculate the building weight,
base shear, and story forces.
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[DETEEMWNING SEISMIC LOADS |
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DETERMINATION OF BUILDING WEIGHT BY FLOOE.

[Level 2 (h = 10-10", Area = 51950 ft)

[Levels 3-6 (F'= 84", Area = 51950 ft)

Total Load (psf) =| 186.5 |

Total Load (psf) uE

Load Loa
Element Dimensions Load (k) | (psf) Element Dimensions Load (k) | (psf)
concrete slab g - 1125 concrete slab 9" - 1125
exterior walls glass curtain wall (15 psf), exterior walls glass curtain wall (15 psf),
length=160" 26.00 k 0.5 length=160" 20.00 k 0.4
8" CMU (55 psf), length=158' 94.14 k 1.8 8" CMU (55 psf), length=158' 7242 k 1.4
open fagade with 8'-0" high open fagade with 4'-9" high
concrete panel (75 psf), 483.0k 9.3 concrete panel (75 psf), 286.8 k 55
length=805" length=805"
columns (10) 18x24 48.75 k 0.9 columns (10) 18x24 37.50 k 0.7
(4) 24" @ 2042 k 0.4 (4) 24" @ 15.71 k 0.3
(2) 12x48 13.00 k 0.3 (2) 12x48 10.00 k 0.2
(38) 18x24 185.2 k 3.6 (38) 18x24 1425k 2.7
(18) 18x48 1755k 34 (18) 18x48 135.0 k 2.6
(12) 18x60 1462k | 2.8 (12) 18x60 1125k | 22
(7)32" 6353k | 1.2 (7)32" @ 4887k | 09
(12) 12x48 78.00 k 15 (12) 12x48 60.00 k 1.2
|beams (negligible) shear walls t=18", length=586' 1099 k 212
shear walls t=18", length=711" 1733 k 334 superimposed  [(MEP and miscellaneous) - 15
superimposed (MEP and miscellaneous) - 15
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DETERMINATION OF BUILDING

WELGHT BY FLOOR.

[Level 7 (h=12"-6", Area=51950 ft’) Levels 8-17 (h = 11'-0", Area = 26150 ft)
Loa Load
Element Dimensions Load (k) | (psf) Element Dimensions Load (k) | (psf)
concrete slab 12" - 150 concrete slab 8" - 100
exterior walls glass curtain wall (15 psf), : 8" precast concrete panels
length=160" 30.00 k 0.6 exterior walls (75 psf), perimeter=1030" 8498k | 32.5
8" CMU (55 psf), length=158' 108.6 k 2.0 columns (21) 18x48 207.9k 8.0
open fagade with 5'-9" high
concrete panel (75 psf), 347.2 k 6.7
length=805' beams (4) 18x18, length =83' 1121k 43
columns (10) 18x24 56.25 k i shear walls t=18", length=284' 7029k | 26.9
(4) 24" 23.56 k 0.5 partitions (general allowance) - 10
(2) 12x48 15.00 k 0.3 superimposed  [(MEP and miscellaneous) - 15
(38) 18x24 2138k 4.1
(18) 18x48 2025k | 3.9 Total Load (psf) <[ 196.6 |
(12) 18x60 168.8 k a2
(7)32" @ 7330k | 1.4
(12) 12x48 90.00 k 1.7
beams (estimate) - 4
shear walls t=18", length=586' 1648 k 317
superimposed (MEP and miscellaneous) - 20

Total Load (psf) =] 231.3

* Note: The concrete slab is 12" in some areas and 9" in other areas.
The estimate of 12" everywhere is conservative. Also, the
superimposed dead load is estimated as being higher than on other
floors. These overestimates help to account for the potential loads
from landscaping and heavy floor finishes.
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DETERMINATION OF BUILDING WEIGHT BY FLOOR

Aquablue at the Golden Mile

Levels 18-27 (h = 11'-0", Area = 26150 wJ __.o<o_m 28-29 (h=11'-0", Area = 28700 3&

Load Load
Element Dimensions Load (k) | (psf) Element Dimensions Load (k) | (psf)
concrete slab 8" - 100 concrete slab 8" - 100
eericruails [T PreEsmconcrespanel. | oay | sas esierarwalls | [T PRSI SoRERIe pInek. |} cos 0 | gnus

(75 psf), perimeter=1030' (75 psf), perimeter=1070'

columns (21) 18x36 1559k | 6.0 columns (21) 18x36 1559k | 5.4
beams (4) 18x18, length =83' 1121k 4.3 beams (4) 18x18, length=89' 120.2 k 4.2
shear walls t=18", length=284' 702.9 k 26.9 shear walls t=18", length=284' 1029k | 24.5
partitions (general allowance) - 10 partitions (general allowance) - 10
superimposed  |(MEP and miscellaneous) - 15 superimposed |(MEP and miscellaneous) - 15

Total Load (psf) =] 194.6 Total Load (psf) =] 189.9

Advisor: Dr. Andres Lepage
- AE Senior Thesis 2008-2009 -

Lindsay Lynch
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Aquablue at the Golden Mile

DETERCMINATION OF BUILDING WEIGHT BY FLooR

Roof Level (h = 9'-0", Area = 28700 ft?)

Sky Lobby Roof Level (h = 11'-3", Area = 9480 ft’)

Load
Element Dimensions Load (k) | (psf)
concrete slab 6" (assumed) - 75
bitumen roofing |2-ply - 5
rigid insulation 2 - 3

glass (15 psf),

exterior walls perimeter=556' 9383k | 99
columns (12) 18x36 91.13k | 9.6
partitions (general allowance) - 10
superimposed (MEP and miscellaneous) - 15

Load

Element Dimensions Load (k) | (psf)
concrete slab 6" (assumed) - 75
bitumen roofing  |2-ply - 5
rigid insulation F - 3

exterior walls 8" precast concrete panels 7223k 25.2

(75 psf), perimeter=1070"'

columns (21) 18x36 1276k 4.4
|beams (2) 18x18, length=88' 59.40 k 2.1

shear walls t=18", length=284' 575.1k | 20.0
partitions (general allowance) - 10
superimposed (MEP and miscellaneous) - 15

Total Load (psf) HE

Total Load (psf) =| 127.5
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Aquablue at the Golden Mile

CALLWLATION OF TOTAL BUILDING WEIGHT AMND 6AS¢e SHEAR

Weight per g -

Level(s) Load (psf) | Area (ft’) | Floor (k)
2 186.5 51950 9689
3tob 166.8 51950 8665
7 231.3 51950 12016
8to 17 196.6 26150 5141
18 to 27 194.6 26150 5089
2810 29 189.9 28700 5450
Roof 159.7 28700 4583
Sky Lobby Roof 127.5 9480 1209

Total Building Weight, W (k) =} 175357

C=| o0.0145
Base Shear, V (k) = 2543
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Dr. Andres Lepage

CALLLATION OF LATERAL

SEISMIC [FoPCES

AND OVERTUENING

MmomenNT
o Overturning
Lateral Seismic | Seismic Design Moment from
Level | Weight, w, (k)| Height, h, (ft) K w,.h* Force, F, (k) | StoryShear,V, (k) | Each Level (ft-k)
2 9689 10.833 2 1137112 0.8 2543.0 8
3 8665 19.167 2 3183184 2.1 2542.2 41
4 8665 27.500 2 6552906 4.4 2540.1 121
5 8665 35.833 2 11125894 1.5 2535.7 267
6 8665 44,167 2 16903022 113 2528.2 501
7 12016 56.667 2 38585165 25.9 2516.9 1466
8 5141 66.625 2 22820337 15.3 2491.0 1020
9 5141 75.583 2 29369453 19.7 2475.7 1489
10 5141 84.542 2 36744525 24.6 2456.0 2083
11 5141 93,500 2 44943907 30.1 2431.4 2818
12 5141 102.458 2 53968376 36.2 2401.2 3709
13 5141 111.417 2 63818696 428 2365.0 4769
14 5141 120.375 2 74493813 50.0 2322.2 6014
15 5141 129.333 2 85993635 57.7 2272.3 7459
16 5141 138.292 2 98319966 65.9 2214.6 9119
17 5141 147.250 2 111470054 74.8 2148.7 11009
18 5089 156.208 2 124176380 83.3 2073.9 13010
19 5089 165.167 2 138828622 93.1 1990.6 15379
20 5089 174.125 2 154296015 103.5 1897.5 18019
21 5089 183.083 2 170580150 114.4 1794.0 20946
22 5089 192.042 2 187682980 125.9 1679.6 24174
23 5089 201.000 2 205600689 137.9 1553.7 27717
24 5089 209.958 2 224335851 150.5 1415.8 31591
25 5089 218.917 ;! 243887816 163.6 1265.4 35809
26 5089 227.875 2 264256583 177.2 1101.8 40388
27 5089 236.833 2 285442151 191.4 924.6 45341
28 5450 245.792 % 329254705 220.8 733.1 54278
29 5450 254.750 Z 353691716 237.2 5123 60432
Roof 4583 263.708 2 318710570 213.8 275.1 56370
Sky Lobby 1209 274.958 2 91402699 61.3 61.3 16856
sw.h E Total Overturning Moment (ft-k) n_ 512204
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Appendix C — ‘Spot Checks’

The following calculations were used to check the existing design of various structural members. The analysis
was done based on gravity loads only for a typical interior column and a section of a post-tensioned slab.
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