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Executive Summary

Presented in this report is a preliminary description and analysis of the existing
structural system of the Borgata Hotel Tower in Atlantic City, NJ. The building
primarily serves as a hotel for the adjoined low rise casino. The tower’s first two
floors are dedicated for casino use. Floors 3 through 43 are used solely for guest
rooms. The roof supports the majority of the mechanical equipment as well as a
catwalk system used to access the equipment.

A grid of concrete columns and shear walls support the gravity load. The lateral load
is assumed solely by the shear walls. Gravity and seismic loads are then dissipated to
the earth through a deep foundation utilizing deep piles. Post-tensioning was used in
the concrete floor system to minimize the depth of slabs.

Seismic loads were calculated traditionally using The Equivalent Lateral Force
Procedure outlined in Chapter 12 - ASCE 7-05. Wind loads were calculated using
Method 2 — Analytical Procedure outlined in Chapter 6 — ASCE 7-05.

The Borgata Hotel was designed using the New Jersey Uniform Construction Code,
1997 and the 1996 BOCA Building Code. The preliminary analysis was done using ASCE
7-05. Spot check calculations were made to verify the existing conditions. Spot
checks of a typical column, shear wall and two-way slab panel were calculated in this
report.
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Structural System
Floor System:

The typical floor is supported :
by a post-tensioned concrete —_— 2000 2y e e
slab system. The concrete is N7 o A
normal weight (145 pcf dry [
unit weight) and has a

minimum strength of 5000 _
psi. The slab is 7” thick at the ey v
center of the building, and 8 4 B B/
%" thick at each end where

the floor plan is circular in
shape. The typical bay sizes §
are 30’-0” X 26’-0” and 30’-0” b
X 17’-0”. There is variation in > |
span sizes at the ends of the 2
building. Post tensioned &) Er
cables are to conform to

ASTM A-416 and shall be S S
Grade A or Grade B and are o A
loaded with varyl.ng forces > E/ ¢ g1 |
from 50 to 900 kips. The non - =y }
typical floors are a mix of

post-tensioned systems with a thicker slab, and two way flat slabs with drop panels.
The figure to the right shows the typical bay sizes along the building. A full typical
floor plan can be found in the appendix.
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Roof System:

The flat roof slab is similar to the typical floor slab. It is a post-tensioned system, but
the slab is 8 74" thick for the entire slab. The roof slab supports most of the buildings
mechanical equipment as well as catwalks used to access the mechanical equipment.

Lateral System:

The structure is laterally supported by reinforced high strength concrete shear walls
in both the North-South and East-West directions. The shear walls also assume
gravity load from the floors. The concrete is normal weight and has a minimum
strength of 9ooopsi. Most of the shear walls extend the full height of the building,
but a few stop at certain stories because of smaller shears towards the top of the
building. The layout of the shear walls can be seen on the typical floor planin the
appendix.

Foundation:

The Borgata Hotel is located on the site of a former landfill. The dump was not
excavated and the soil below the dump is a combination of marine tidal marsh and
clay/sand seams. A deep foundation system was chosen for the building. The
transfers gravity and lateral loads to the earth through concrete filled steel tube
piles. The piles are 16 in diameter and contain reinforced concrete. Piles are driven
to various depths until reaching very dense sand. Columns bear directly on pile caps
which vary in size. In some cases at shear walls, the walls and columns bear on 9’-0”
concrete pile mats. The slab on grade is a 1’-6” thick structural two-way slab. This slab
spans between piles caps since the soil below (landfill) has no bearing capacity.
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Columns:
. . [T 17 FH B3
Columns are cast-in-place concrete with i L_J L Ly J 3
strengths that vary depending on stories. ;
. /= 7T T T3
Below, table one contains the column concrete - 1 ANk : ] ?J{ 7
) i ) N E N
strengths for the various stories. The figure to L :
the right shows the typical column sizes and i l T (e pE—_
13 | 4 | __"]i &F
common reinforcing arrangements. L [__- ] ¢ \*«
A e A-;"-:- &c
L [ | j ANl ‘\uux’;
Table | B
Stories f’c Time
Level B -12 9000 psi @56 days
Level 12 - 23 7000 psi @56 days ‘{,) ':CUEI'EE IEFEF’LEIS"F
Level 23 andup | 5000 psi @28 days
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Codes

Codes Used for Original Design

« BOCA National Building Code - 1996, Building Officials and Code
Administrators, Inc.

e New Jersey Uniform Construction Code — 1997

« Minimum Design Loads For Buildings and Other Structures (ANSI/ASCE 7-95 -
1996), American Society Of Civil Engineers

« Building Code Requirements For Reinforced Concrete, ACl 318-99, American
Concrete Institute

o ACI Manual Of Concrete Practice — Parts 1 Through 5 -1999
« Manual Of Standard Practice, Concrete Reinforcing Institute

» PCl Design Handbook - Precast and Prestressed Concrete, Third Edition,
Prestressed Concrete Institute

» Post Tensioning Manual, Fifth Edition, Post Tensioning Institute

» Manual Of Steel Construction — Load and Resistance Factor Design, Second
Edition, 1994, America Institute Of Steel Construction

« Manual Of Steel Construction, Volume Il Connections, ASD 9" Edition/LRFD 1**
Edition, American Institute Of Steel Construction

« Detailing For Steel Construction, American Institute Of Steel Construction
o Structural Welding Code ANSI/AWS D1.1-94, American Welding Society

« Specification For The Design Of Cold-Formed Steel Structural Members,
American Iron And Steel Institute

Codes Used For Thesis

o ASCE 7-05, Minimum Design Loads for Buildings and Other Structures,
American Society of Civil Engineers

o ACI 318-05, Building Code Requirements For Reinforced Concrete, American
Concrete institute
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Gravity Loads
Live Loads:
Public Floors (Casino)
e Floor -100 psf
e Corridors — 100 psf
o Exits/Stairs — 100 psf

Guest Floors (Hotel)

Christopher Shipper
Structural option

o Rooms - 40 psf * (Use of live load reduction factor for certain floors

allowed)
e Corridors — 40 psf
Mechanical Rooms
o Basement - 150 psf
Roof
e Mechanical Allowance - 150 psf
e Snow/Live - 30 psf
Dead Loads
Level 1
e Slab - 194psf
e Superimposed
O Finishes — 10 psf
O MEP -10 psf
0 Interior Partition Walls - 15 psf
Level 2
e Slab - 145psf

e Superimposed - Same as level 1
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Level 3

Slab — 104 psf

Superimposed — Same as level 1

Levels 4 - 43

Roof

Slab - 85,103 psf *slab thickness varies

Superimposed — Same as level 1

Slab — 103psf

Mechanical Equipment — Allowance in Live Load

Christopher Shipper
Structural option
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Analysis
Wind Loading

Wind load analysis was performed using Method 2 —
Analytical Procedure, outlined in Chapter 6 — ASCE 7-
05.The table to the right lists the design criteria
summary.

The building was assumed to act as a cantilever and
the base shear was the summation of the forces at
each story. For ease of calculation, the building was
assumed to be a rectangle with dimensions 510’-0” x
107’-0”. The building is classified as a “dynamically
sensitive structure” because calculation of the
approximate period, using equation 12.8-7 of ASCE 7-
05, shows the period is larger than 1 second. The
period is approximately 1.94 seconds. Since the
building is classified as “dynamically sensitive”, the
Gust Effect Factor was calculated according to
section 6.5.8.2. During calculation of the Resonant
Response Factor ( ASCE 7-05 Equation 6-10), the

The Borgata Hotel Casino & Spa

Christopher Shipper

Structural option

Design Criteria Summary

V= 120mph
Kd = 0.85

I = 1.0
Occupancy 2
Exposure B

Kzt = 1.0

Gf= 0.82
GCpi +0.18
Cp, windward 0.8

Cp, Leeward -0.47

critical damping ratio, §, was assumed as 0.05, or 5 percent of critical. Calculation of
wind loads yielded base shears of 9858 kips transverse to the long side of the
building, and 2068 kips transverse to the short side of the building. The figure below
illustrates the different wind pressure zones of the building. All hand calculations and
spreadsheets for the wind loads can be found in the appendix.
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The Borgata Hotel Casino & Spa
Hotel Tower
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Seismic Loading

Seismic loads were calculated using the Equivalent Lateral
Force Procedure outlined in Chapter 12 - ASCE 7-05. The Table
to the right lists the design criteria used in the calculations.

The effective seismic weight of the building was calculated
according to Section 12.7.2 ASCE 7-05. Only dead load of the
building was included in the calculation because no live load
satisfied the criteria specified in the code. The dead loads used
were the summation of the slabs, columns, shear walls, the

exterior cladding and the estimated superimposed dead loads.

The design base shear was distributed vertically through the
building using Equations 12.8-11 and 12.8-12 from ASCE 7-05. On
the next page is an illustration of the distribution of base
shear by floor. All hand calculations and spreadsheets for the
calculation of seismic loads can be found in the appendix.

Christopher Shipper
Structural option

Seismic Design

Summary

S, 0.166
S, 0.048
Site

Class D
F, 1.600
Fy 2.400
T, 0.460s
T 2.300s
Sa 0.166
I 1.000
SDC [l
R 4.000
R/l 4.000
T=Ch," 1.939*
(o 0.020
X 0.750
Cs 0.010
Vs 2142k
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Lateral Analysis Conclusion

Calculations of the wind and seismic loads have shown that the lateral system is
controlled by wind loads in the North-South direction and seismic loads in the East-
West direction. The wind load will control in both directions once a 1.6 LRFD Load
Factor is applied, but good judgment rules that serviceability will be more critical
than strength. The base shear in the North-South direction is 9592 kips. The base
shear in the East-West direction is 2142. This difference in magnitude for the base
shears is due to the long and narrow design of the building. This can also be seen
from the layout of shear walls, with 9 walls in the North-South direction, and only 2
walls in the East-West direction.

Lateral Load Distribution — Horizontal

All shear walls are composed of 9000 psi concrete and most are the same height. For
simplification, lateral loads are assumed to be distributed to shear walls by the area
of concrete in shear per wall versus the total area of concrete in shear. More precise
calculation of relative stiffness will completed in later technical assignments for the
distribution of the loads. The distribution of lateral loads to shear walls can be found
on the typical floor plan in the appendix.
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Spot Checks

Spot checks were done to verify a few typical structural elements. All of the spot
checks show that the members are adequate for the loading.

In the check of the column though, it was found using the estimated loads, that the
column only needed the minimum amount of reinforcing required by code whereas
the original design calls for about two times the amount of reinforcing steel. This
could be due to inaccuracies in the estimation of superimposed dead loads, or the
fact that no construction loads were used.

The two-way slab flexural reinforcement calculation showed the required
reinforcement was about half of what the original design called to be used. This
could be due to inaccuracy in estimating superimposed dead loads. The calculations
were for the casino level 2. A live load of 100 psf was used, and a superimposed dead
load of 35 psf was used.

The shear wall spot check showed that the high strength concrete alone was enough
to resist the lateral load. The longitudinal and transverse shear reinforcing was then
calculated as the code required minimum. It was also found that the presence of a
Boundary Element was necessary to resist the compressive force created by the
moment in the shear wall. This boundary element contained nearly the same amount
of reinforcing as calculated by the design engineer. For simplicity of the preliminary
design, no gravity load was used in this calculation.
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Live LoD
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Slab Flexural Reinforcement Calculations
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Typical Floor Plan
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Wind Load Calculations
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370.3 | 1.44 | 45.01 29.78 18.44 4463
379-0 | 1.45 | 45.31 29.98 -18.44 4463
387.8 | 1.46 | 45.61 30.17 -18.44 4463
396.5 | 1.46 | 45.90 30.37 -18.44 4463
4053 | 1.47 | 46.19 30.56 18.44 4463
418.0 | 1.49 | 46.60 30.83 -18.44 10200
4453 | 1.51 | 47.45 31.39 -18.44 6961
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Seismic Load Distribution By floors
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FLR-FLR Weight Floor
Story Elevation | MidH-MidH (ft) (k) Wx*hx k Cvx Fx

B 0 0.00 9885

1 14.0 21 14.00 11224 819883 0.001 1.3
2 42.0 25 28.00 12738 5552705 0.004 8.6
3 64.0 15.375 22.00 12405 10726188 0.008 16.6
4 72.8 8.75 8.75 4291 4569819 0.003 7.1
5 81.5 8.75 8.75 4291 5496684 0.004 8.5
6 90.3 8.75 8.75 4291 6488072 0.005 10.1
7 99.0 8.75 8.75 4291 7541563 0.005 11.7
8 107.8 8.75 8.75 4291 8655039 0.006 13.4
9 116.5 8.75 8.75 4291 9826627 0.007 15.2
10 125.3 8.75 8.75 4291 11054653 0.008 17.1
1 134.0 8.75 8.75 4291 12337607 0.009 19.1
12 142.8 8.75 8.75 4291 13674117 0.010 21.2
14 151.5 8.75 8.75 4291 15062930 0.011 23.3
15 160.3 8.75 8.75 4291 16502895 0.012 25.6
16 169.0 8.75 8.75 4291 17992947 0.013 27.9
17 177.8 8.75 8.75 4291 19532100 0.014 30.3
18 186.5 8.75 8.75 4291 21119435 0.015 32.7
19 195-3 8.75 8.75 4291 22754094 0.016 353
20 204.0 8.75 8.75 4291 24435271 0.018 37.9
21 212.8 8.75 8.75 4228 25778100 0.019 39.9
22 221.5 8.75 8.75 4228 27524071 0.020 42.6
23 230.3 8.75 8.75 4228 29313764 0.021 45.4
24 239.0 8.75 8.75 4228 31146551 0.023 48.3
25 247.8 8.75 8.75 4228 33021834 0.024 51.2
26 256.5 8.75 8.75 4228 34939046 0.025 54.1
27 265.3 8.75 8.75 4228 36897645 0.027 57.2
28 274.0 8.75 8.75 4228 38897115 0.028 60.3
29 282.8 8.75 8.75 4228 40936964 0.030 63.4
30 291.5 8.75 8.75 4228 43016718 0.031 66.6
31 300.3 8.75 8.75 4228 45135927 0.033 69.9
32 309.0 8.75 8.75 4228 47294155 0.034 73-3
33 317.8 8.75 8.75 4228 49490985 0.036 76.7
34 326.5 8.75 8.75 4228 51726017 0.037 80.1
35 335-3 8.75 8.75 4165 53194245 0.038 82.4
36 344.0 8.75 8.75 4165 55470111 0.040 85.9
37 352.8 8.75 8.75 4051 56200945 0.041 87.1
38 361.5 8.75 8.75 4051 58485249 0.042 90.6
39 3703 8.75 8.75 4051 60804430 0.044 94.2
40 379.0 8.75 8.75 4051 63158179 0.046 97-9
41 387.8 8.75 8.75 4051 65546194 0.047 101.6
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42 396.5 8.75 8.75 4051 67968185 0.049 105.3
43 405.3 10.75 8.75 4051 70423869 0.051 109.1
Roof 418.0 20 12.75 3381 61812713 0.045 95.8
T/Parapet 445.3 13.65 27.25 0 0 0.000 0.0
total
weight = 214168 1382325639 1.000
Vs=CsW (kips) 2142
k= 1.626
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Lateral Load Distribution to Shear Walls
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