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Executive Summary
Wellington at Hershey’s Mill is a retirement community consisting of 197 residential units on the top
three floors and a garage level below them. Wellington is five stories with the number of stories above
grade alternating around the perimeter of the building. The lower and lobby levels are separate from the
residential section and contain the businesses in connection with Wellington. Wellington is 370,000
square feet and located off a prominent road in West Chester, Pennsylvania.

This report consists of an assessment of the structural system and explores the structural design concepts
that may have been used in the design of Wellington. The 2000 International Building Code is the basis
of the building design but I will be using ASCE 7-02 for my calculations. The design codes are as
follows:

The structural system is a combination of many structural materials. The foundation is slab on grade with
strip footings in the exterior, spread footings in the interior, and a cmu foundation wall. The lobby floor
and roof and first floor framing is steel joists bearing on girders on steel columns. The second and third
floors are 2x6 wood framing with open web wood trusses bearing on the walls. The roof framing is
similar to the second and third floor except for slightly sloped wood roof trusses. Wood framed gypsum
shear walls and masonry towers located at the elevator shafts and stairwells make up the lateral load
resisting system.

The exterior walls of the lower and lobby levels as well as the garage level are cmu block with a
conventional red stucco finish for the parts of the wall above grade. The first through third floors’
exterior walls are 2x6 wood studs framing with two layers of white stucco finish over wood sheathing.

A spot check was performed on the first floor steel framing and the third floor wood framing. The spot
check of a steel girder and steel column resulted in different sizes than the actual design. This could be
due to incorrect loading assumptions and calculations. The spot check on the steel joist, wood truss, and
wood stud bearing wall all resulted in the same sizes as designed. After a lateral load distribution was
performed, the masonry towers were determined to be sufficient for the top levels and the shear walls
were not checked. Two towers on the lower levels were found to be inadequate for the lateral loading.
This could be due to incorrect calculations or assumptions.

Structural Steel AISC- “Specifications for Structural Steel Buildings”
Reinforced Concrete ACI 318- “Building Code Requirements For Reinforced Concrete”

ACI 301– “Specifications For Structural Concrete”
Masonry ACI 530- “Building Code Requirements For Masonry Structures”

ACI 530.1- “Specifications For Masonry Structures”
Lumber 1996 BOCA National Building Code
Foundations In accordance with a geotechnical report prepared by Earth

Engineering, Inc. dated January 29, 2003
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Summary of Overall Structural System
Load Path
For the steel framing, the floor slab is supported by the steel joists, the steel joists bear on steel
girders and exterior cmu walls, and the girders sit on the steel columns. In the wood framing, the
joists support the wood sheathing and bear on the wood framed walls.

Building Geometry
The lobby and lower level are almost a separate section from the residential. The lobby is
located directly over the lower level and is close to the elevation of the garage level which is the
level beneath the three residential floors. A branch of the first through third floors is above the
lobby, but the rest of the lobby ends at the first floor level.

Foundation (Lower Level & Garage Level)
Wellington’s foundation consists of a 12” CMU foundation wall with 2’ wide strip footings and
4” slab on grade with 6x6-W2.0xW2.0 WWF over 2-4” porous fill. The interior steel columns
sit on concrete spread footings ranging in size from 3’x3’ to 4’-6”x4’-6”. There are two pier
sizes in the foundation; 18”x18” and 20”x20”.

Lobby Floor & Roof Framing
A 4” concrete slab is over a 1-1/2” 20 GA. Type B, wide rib metal deck, manufactured by
Vulcraft, with 6x6-W2.9xW2.9 WWF. The beams range in size from W8’s to W16’s and the
joists from 12K to 24K and a section with JS8’s. There are no typical bays in the building due to
the irregular shape.

Lobby Floor Framing

The lobby roof framing has the same concrete slab system as the floor framing but some
different steel sizes and the framing is slightly sloped. The beams range in size from W8’s to
W21’s and the joists are all 18KCS. Metal roof deck is installed over the beams.
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Lobby Roof Framing

First Floor Framing
The first floor framing consists of a 4” concrete slab over 1-1/2” metal floor deck (galvanized)
with 6x6-W2.9xW2.9 WWF. The steel beams range in size from W8’s to W18’s; they span over
the corridor. The joists range from 10K’s to 18K’s and is the framing system for the rest of the
areas on the first floor. Metal studs are used to frame the walls.

First Floor Framing

Second & Third Floor Framing
The framing for these two floors consist of wood framing made up of 2x8s at 16” in the corridor
and TJLs, open web wood trusses, at 16” everywhere else. The floor is made up of plywood
floor sheathing. There are W8x24s at the elevator shafts and stairwells. The interior bearing
walls are 2x6 at 16” o.c. on either side of the corridors.

http://www.pdfdesk.com


4

Second & Third Floor Framing

Roof Framing
The roof framing also has 2x8’s at 16” o.c. in the corridors but the trusses are sloped 24” at 24”
o.c. maximum. The five 1-3/4”x18” LVL’s are in the same location as the second and third
floors. The same size steel is present in the same locations as the second and third floors as well.

Roof Framing

Lateral Load Resisting System
Wood framed gypsum shear walls and masonry towers located at the elevator shafts and
stairwells (see plan below) make up the lateral load resisting system.
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Typical Shear Wall

Masonry Tower locations

Codes and Code Requirements for Gravity and Lateral load conditions

The design of the structural system of Wellington at Hershey’s Mill is based on the 2000
International Building Code. For my purposes, I will be using the ASCE7-02 in my wind and
seismic analysis.

The design codes are as follows:

Structural Steel AISC- “Specifications for Structural Steel Buildings”
Reinforced Concrete ACI 318- “Building Code Requirements For Reinforced Concrete”

ACI 301– “Specifications For Structural Concrete”
Masonry ACI 530- “Building Code Requirements For Masonry Structures”

ACI 530.1- “Specifications For Masonry Structures”
Lumber 1996 BOCA National Building Code
Foundations In accordance with a geotechnical report prepared by Earth

Engineering, Inc. dated January 29, 2003
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Load Calculations and Spot Checks

The gravity loads were determined from ASCE 7-02. The live load used in the spot checks will
be the 40 psf for private rooms and the corridors that serve them. The dead loads were split by
floor because of the difference in materials. Appendix 1 contains the calculations.

The calculations of the wind and seismic loads were performed also in accordance with ASCE 7-
02. The South-North direction was determined to be the critical direction because all five levels
were exposed to the loads. The seismic loads are much larger than the wind loads and will be the
controlling lateral load for the lateral resisting system check.

The lateral load distribution to the masonry towers consisted of two methods; distribution by
rigidity for the rigid diaphragm of the lobby and first floor and distribution by tributary area for
the flexible diaphragm of the remaining floors. For the walls that are at an angle to the shear
force, the individual wall rigidities were calculated and then multiplied by the appropriate angle
to find the component needed. Appendix 4 includes all of the calculations.

The wood framed gypsum shear walls were not checked because the masonry towers were found
to sufficiently resist the shear force. Two towers on the first floor, though, did not have the
adequate capacity for the shear stress. The towers are the only lateral resisting system on the
first level, so this may be due to incorrect assumptions or calculations.

Spot checks were performed on the first floor steel framing and third floor wood framing.
Calculations can be found in Appendix 5. The steel joists were checked using The New
Columbia Joist Company Steel Joists and Joists Girders catalogue. An 18k9 was chosen using
the calculated live and dead loads and given joist spacing. The designed steel joist was an 18k9.

A steel girder was checked using the joist weights and resultant forces on the steel girder. The
chosen girder has a column at its mid-span acting as a support. The support was assumed to act
as a pinned connection for the analysis. Because of this arrangement, a moment distribution was
performed and resulted in a W14x61. The designed girder is a W14x34 and the difference could
be due to incorrect assumptions in loading or calculations.

A steel column was checked using the calculated live and dead loads, the weights from the girder
and joist, and a moment resulting from the moment distribution on the girder. A W10x33 was
chosen while the designed column was a W10x45. This difference could again be due to
incorrect assumption in loading and calculations.

The spot checks for the wood framing resulted in the same sizes as designed. The wood trusses
were checked using the Open Web Truss manual from Trus Joist. The resulting truss is an 18”
TJL truss. The NDS was used for the check of a wood stud bearing wall. Assumptions included
16” stud spacing, the studs lined up with the joists therefore each stud supports each joist. The
studs were Southern Pine No. 1 non-dense. The analysis resulted in a 2x6 stud.
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Conclusion

Wellington is a building made up of many structural materials and a unique shape which make it
an interesting building to study. All the analyses were performed by hand and with a spread
sheet instead of structural software. The main method of analysis was LRFD, but ASD was used
for the wood member checks. The discrepancy from some of the spot checks shows the
difference in assumptions and loads from what was actually designed. I look forward to further
investigation of Wellington and its design.
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APPENDIX 1: GRAVITY LOADS
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APPENDIX 2: WIND CALCULATIONS
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S-N Direction

Level
Floor

Height
Building

Width
Wind Pressure

(psf)
Wind Force

(Kips) Floor Shear (Kips)
5(

Roof) 11' 483.17' 18.81 50 50
4 10' 483.17' 18.2 92.33 142.33
3 10' 483.17' 17.47 84.41 226.74
2 15' 483.17' 16.9 102.07 328.81
1 12' 483.17' 16.9 110.24 439.05

Total Shear
(Kips) 1186.93
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APPENDIX 3: SEISMIC CALCULATIONS
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S-N Direction

Level
wx

(kips) hx (ft) wx*hx^1 Cvx Fx
5 (Roof) 2396.5 58 138997 0.28483 415.502
4 (3rd fl) 1834.5 47 86221.5 0.17669 257.741
3 (2nd fl) 1831.5 37 67765.5 0.13887 202.571
2 (1st fl) 6629.43 27 178994.61 0.3668 535.066

1
(Lobby) 1334.5 12 16014 0.03282 47.8704

Ó 487992.61 1 1458.75
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APPENDIX 4: LATERAL LOAD DISTRIBUTION

Lobby Floor (Rigid Diaphragm)
• Center of Mass: Xmass = 153.43’

Ymass = 89.84’

Distance from
Zero Reference

Element Area
(sf)

Height
(ft)

Unit
Weight
(k/cf)

Weight
(kips) X (ft) Y(ft) Wx (ft*k) Wy (ft*k)

Tower
3

Wall 1 6 15 0.15 13.5 195.52 27 2639.52 364.5
Wall 2 9 15 0.15 20.25 195.52 7.16 3959.28 144.99

Tower
4

Wall 1 9.12 15 0.15 20.52 156.57 98.69 3212.816 2025.119
Wall 2 13.66 15 0.15 30.735 170.85 84.42 5251.075 2594.649
Wall 3 12.89 15 0.15 29.0025 159.05 87.02 4612.848 2523.798
Wall 4 12.89 15 0.15 29.0025 166.01 93.97 4814.705 2725.365
Wall 5 12.89 15 0.15 29.0025 168.24 96.21 4879.381 2790.331

Tower
5

Wall 1 8 15 0.15 18 131.83 120.38 2372.94 2166.84
Wall 2 8 15 0.15 18 116.03 104.58 2088.54 1882.44
Wall 3 14.44 15 0.15 32.49 119.92 116.49 3896.201 3784.76
Wall 4 14.44 15 0.15 32.49 127.94 108.47 4156.771 3524.19

Ó 272.9925 41884.08 24526.98

Xm =
ÓWx/ÓW

Ym =
ÓWy/ÓW

153.4257 89.84489

• 0.3 < H/L < 3.0 for all tower walls  consider both flexural & shear
• R/E = t(4(h/L)3 + 3(h/L))-1

Element Height (ft) Length (ft) H/L Area (sf) t (in) R/E Rx Ry

Tower 3

Wall 1 15 9 1.66667 6 8 149.748 149.75 0
Wall 2 15 9 1.66667 9 12 224.622 224.62 0

Tower 4

Wall 1 15 13.67 1.09729 9.12 8 44.7086 31.61 31.61

Wall 2 15 13.67 1.09729 13.66 12 67.0629 47.42 47.42
Wall 3 15 19.36 0.77479 12.89 8 18.3254 12.96 12.96
Wall 4 15 19.36 0.77479 12.89 8 18.3254 12.96 12.96

Wall 5 15 19.36 0.77479 12.89 8 18.3254 12.96 12.96
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Tower 5

Wall 1 15 12 1.25 8 8 64.6333 45.7 45.7
Wall 2 15 12 1.25 8 8 64.6333 45.7 45.7
Wall 3 15 21.67 0.6922 14.44 8 14.4657 10.23 10.23
Wall 4 15 21.67 0.6922 14.44 8 14.4657 10.23 10.23

Ó 604.14 229.77

Tower 3

Tower 4

Wall 1: cos45º = Rx/R  Rx = 31.61
sin45º = Ry/R  Ry = 31.61

Wall 2: cos45º = Rx/R  Rx = 47.42
sin45º = Ry/R  Ry = 47.42

Walls 3, 4, & 5: cos45º = Rx/R  Rx = 12.96
sin45º = Ry/R  Ry = 12.96

Tower 5

Walls 1 & 2: cos45º = Rx/R  Rx = 45.7
sin45º = Ry/R  Rx = 45.7

Walls 3 & 4: cos45º = Rx/R  Rx = 10.23
sin45º = Ry/R  Rx = 10.23
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Lobby Floor

Distance from
Zero Reference

Element Proportion Shear
Base

Moment
(ft*k)

X (ft) Y(ft) Rx Ry

Tower
3

Wall 1 0.247873 132.6284 1989.426 195.52 27 149.75 0
Wall 2 0.3718012 198.9382 2984.073 195.52 7.16 224.62 0

Tower
4

Wall 1 0.0523223 27.99589 419.9383 156.57 98.69 31.61 31.61
Wall 2 0.0784917 41.99826 629.9739 170.85 84.42 47.42 47.42
Wall 3 0.021452 11.47823 172.1734 159.05 87.02 12.96 12.96
Wall 4 0.021452 11.47823 172.1734 166.01 93.97 12.96 12.96
Wall 5 0.021452 11.47823 172.1734 168.24 96.21 12.96 12.96

Tower
5

Wall 1 0.0756447 40.47492 607.1238 131.83 120.38 45.7 45.7
Wall 2 0.0756447 40.47492 607.1238 116.03 104.58 45.7 45.7
Wall 3 0.0169332 9.060359 135.9054 119.92 116.49 10.23 10.23
Wall 4 0.0169332 9.060359 135.9054 127.94 108.47 10.23 10.23

Ó 604.14 229.77

ex = Xmass – Xcr = 153.43’ - 144.96’ = 8.47’

ey = Ymass – Ycr = 89.84’ - 47.92’ = 41.93’

Torsional Moment:

Mt = P * ey = 47.87k * 41.93’= 2007.19’k
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Element Rx Ry X (ft) Y(ft) RxX^2 RyY^2 Rx/ÓRxX^2 Ry/ÓRyY^2 Torsional
Shear (x)

Torsional
Shear (y)

Tower
3

Wall
1 149.75 0 - 20.93 - 0 0.0014007 0 2.811455 0

Wall
2 224.62 0 - 40.76 - 0 0.002101 0 4.217088 0

Tower
4

Wall
1 31.61 31.61 11.61 50.78 4260.778 81509.81 0.0002957 4.552E-05 0.593456 0.339293

Wall
2 47.42 47.42 25.89 36.5 31785.25 63175.3 0.0004435 6.829E-05 0.890278 0.508994

Wall
3 12.96 12.96 14.09 39.1 2572.924 19813.38 0.0001212 1.866E-05 0.243315 0.139109

Wall
4 12.96 12.96 21.05 46.05 5742.608 27483.01 0.0001212 1.866E-05 0.243315 0.139109

Wall
5 12.96 12.96 23.29 48.29 7029.816 30221.74 0.0001212 1.866E-05 0.243315 0.139109

Tower
5

Wall
1 45.7 45.7 13.14 72.45 7890.544 239879.4 0.0004275 6.581E-05 0.857987 0.490532

Wall
2 45.7 45.7 28.93 56.66 38248.38 146713.3 0.0004275 6.581E-05 0.857987 0.490532

Wall
3 10.23 10.23 25.04 68.57 6414.226 48099.87 9.569E-05 1.473E-05 0.192061 0.109806

Wall
4 10.23 10.23 17.03 60.55 2966.914 37506.27 9.569E-05 1.473E-05 0.192061 0.109806

Ó 106911.4 694402

The torsional shears are so small, they will be assumed negligible.

Element Rx Ry
Direct
Shear

(x)

Direct
Shear

(y)
Area (sf) Area (sq

in)

Shear
Stress
(psi) (x)

Shear
Stress
(psi) (y)

Tower 3
Wall 1 149.75 0 11.86568 0 6 864 13.733427 0
Wall 2 224.62 0 17.79813 0 9 1296 13.733121 0

Tower 4
Wall 1 31.61 31.61 2.504669 6.585589 9.12 1313.28 1.9071858 5.014611
Wall 2 47.42 47.42 3.7574 9.879425 13.66 1967.04 1.9101796 5.022483
Wall 3 12.96 12.96 1.026906 2.700071 12.89 1856.16 0.5532424 1.454654
Wall 4 12.96 12.96 1.026906 2.700071 12.89 1856.16 0.5532424 1.454654
Wall 5 12.96 12.96 1.026906 2.700071 12.89 1856.16 0.5532424 1.454654

Tower 5

Wall 1 45.7 45.7 3.621113 9.521082 8 1152 3.143327 8.264828
Wall 2 45.7 45.7 3.621113 9.521082 8 1152 3.143327 8.264828
Wall 3 10.23 10.23 0.81059 2.131306 14.44 2079.36 0.3898269 1.024982
Wall 4 10.23 10.23 0.81059 2.131306 14.44 2079.36 0.3898269 1.024982

Ó 604.14 229.77

When the shear stress is compared with the allowable shear stress of masonry, all three towers
are well below 35 psi.
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First Floor (Rigid Diaphragm)
• Center of Mass: Xmass = 221.03’

Ymass = 274.98’

Distance from Zero
Reference

Element Area (sf) Height (ft)
Unit

Weight
(k/cf)

Weight
(kips) X (ft) Y(ft) Wx (ft*k) Wy (ft*k)

Tower 1
Wall 1 18 15 0.15 40.5 9.91 223.46 401.355 9050.13
Wall 2 18 15 0.15 40.5 20.78 216.62 841.59 8773.11
Wall 3 18.64 15 0.15 41.94 2.31 212.95 96.8814 8931.123
Wall 4 12.45 15 0.15 28.0125 13.35 206.14 373.9669 5774.497

Tower 2
Wall 1 8.22 15 0.15 18.495 328.76 27.01 6080.416 499.55
Wall 2 15.33 15 0.15 34.4925 329.43 18.84 11362.86 649.8387
Wall 3 20 15 0.15 45 327.09 7.17 14719.05 322.65

Tower 3
Wall 1 6 15 0.15 13.5 374.07 327 5049.945 4414.5
Wall 2 9 15 0.15 20.25 374.07 307.17 7574.918 6220.193

Tower 4
Wall 1 9.12 15 0.15 20.52 335.13 398.7 6876.868 8181.324
Wall 2 13.66 15 0.15 30.735 349.41 384.42 10739.12 11815.15
Wall 3 12.89 15 0.15 29.0025 337.61 387.02 9791.534 11224.55
Wall 4 12.89 15 0.15 29.0025 344.57 393.97 9993.391 11426.11
Wall 5 12.89 15 0.15 29.0025 346.81 396.21 10058.36 11491.08

Tower 5
Wall 1 8 15 0.15 18 310.39 420.38 5587.02 7566.84
Wall 2 8 15 0.15 18 294.59 404.58 5302.62 7282.44
Wall 3 14.44 15 0.15 32.49 298.48 416.49 9697.615 13531.76
Wall 4 14.44 15 0.15 32.49 306.49 408.47 9957.86 13271.19

Tower 6
Wall 1 13.67 15 0.15 30.7575 146.37 325.3 4501.975 10005.41
Wall 2 9.11 15 0.15 20.4975 138.67 306.72 2842.388 6286.993
Wall 3 12.86 15 0.15 28.935 136.48 318.42 3949.049 9213.483
Wall 4 12.86 15 0.15 28.935 144.33 315.17 4176.189 9119.444
Wall 5 12.86 15 0.15 28.935 148.49 313.45 4296.558 9069.676

Tower 7
Wall 1 6 15 0.15 13.5 268.59 208.37 3625.965 2812.995
Wall 2 9 15 0.15 20.25 268.59 189.21 5438.948 3831.503

Ó 693.7425 153336.4 190765.5

Xm =
ÓWx/ÓW

Ym =
ÓWy/ÓW

221.0279 274.9803

• 0.3 < H/L < 3.0 for all tower walls  consider both flexural & shear
• R/E = t(4(h/L)3 + 3(h/L))-1
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Element Height (ft) Length (ft) H/L Area (sf) t (in) R/E Rx Ry
Tower 1

Wall 1 15 18 0.83333 18 12 32.5778 31.98 6.22
Wall 2 15 18 0.83333 18 12 32.5778 31.98 6.22

Wall 3 15 18.67 0.80343 18.64 12 29.8719 5.7 29.32
Wall 4 15 18.67 0.80343 12.45 8 19.9146 3.8 19.55

Tower 2

Wall 1 15 12.33 1.21655 8.22 8 59.8069 59.81 0
Wall 2 15 15.33 0.97847 15.33 12 49.0544 49.05 0
Wall 3 15 20 0.75 20 12 25.5833 25.58 0

Tower 3

Wall 1 15 9 1.66667 6 8 149.748 149.75 0
Wall 2 15 9 1.66667 9 12 224.622 224.62 0

Tower 4

Wall 1 15 13.67 1.09729 9.12 8 44.7086 31.61 31.61

Wall 2 15 13.67 1.09729 13.66 12 67.0629 47.42 47.42
Wall 3 15 19.36 0.77479 12.89 8 18.3254 12.96 12.96
Wall 4 15 19.36 0.77479 12.89 8 18.3254 12.96 12.96
Wall 5 15 19.36 0.77479 12.89 8 18.3254 12.96 12.96

Tower 5

Wall 1 15 12 1.25 8 8 64.6333 45.7 45.7
Wall 2 15 12 1.25 8 8 64.6333 45.7 45.7
Wall 3 15 21.67 0.6922 14.44 8 14.4657 10.23 10.23
Wall 4 15 21.67 0.6922 14.44 8 14.4657 10.23 10.23

Tower 6

Wall 1 15 13.67 1.09729 13.67 12 67.0629 62.18 25.12
Wall 2 15 13.67 1.09729 9.11 8 44.7086 41.45 16.75
Wall 3 15 19.28 0.77801 12.86 8 18.4972 6.93 17.15

Wall 4 15 19.28 0.77801 12.86 8 18.4972 6.93 17.15
Wall 5 15 19.28 0.77801 12.86 8 18.4972 6.93 17.15

Tower 7

Wall 1 15 9 1.66667 6 8 149.748 149.74 0
Wall 2 15 9 1.66667 9 12 224.622 224.62 0

Ó 1310.82 384.4

For the sum of the rigidities, the angle to the force direction will be used to calculate the
components of the chosen wall rigidity.
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Tower 1

Walls 1&2: cos11º = Rx/R  Rx = 31.98
sin11º = Ry/R  Ry = 6.22

Wall 3: cos79º = Rx/R  Rx = 5.7
sin79º = Ry/R  Ry = 29.32

Wall 4: cos79º = Rx/R  Rx = 3.8
sin79º = Ry/R  Ry = 19.55

Tower 2 Tower 3

Tower 4

Wall 1: cos45º = Rx/R  Rx = 31.61
sin45º = Ry/R  Ry = 31.61

Wall 2: cos45º = Rx/R  Rx = 47.42
sin45º = Ry/R  Ry = 47.42

Walls 3, 4, & 5: cos45º = Rx/R  Rx = 12.96
sin45º = Ry/R  Ry = 12.96
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Tower 5

Walls 1 & 2: cos45º = Rx/R  Rx = 45.7
sin45º = Ry/R  Rx = 45.7

Walls 3 & 4: cos45º = Rx/R  Rx = 10.23
sin45º = Ry/R  Rx = 10.23

Tower 6

Wall 1: cos22º = Rx/R  Rx = 62.18
sin22º = Ry/R  Ry = 25.12

Wall 2: cos22º = Rx/R  Rx = 41.45
sin22º = Ry/R  Ry = 16.75

Walls 3, 4, & 5: cos68º = Rx/R  Rx = 6.93
sin68º = Ry/R  Ry = 17.15

Tower 7
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First Floor

Distance from
Zero Reference

Element Proportion Shear
Base

Moment
(ft*k)

X (ft) Y(ft) Rx Ry

Tower 1
Wall 1 0.0243969 13.053974 195.81 9.91 223.46 31.98 6.22
Wall 2 0.0243969 13.053974 195.81 20.78 216.62 31.98 6.22
Wall 3 0.0043484 2.3266934 34.9004 2.31 212.95 5.7 29.32
Wall 4 0.0028989 1.5511289 23.2669 13.35 206.14 3.8 19.55

Tower 2
Wall 1 0.0456279 24.413953 366.209 328.76 27.01 59.81 0
Wall 2 0.0374193 20.021809 300.327 329.43 18.84 49.05 0
Wall 3 0.0195145 10.441547 156.623 327.09 7.17 25.58 0

Tower 3
Wall 1 0.1142415 61.126725 916.901 374.07 327 149.75 0
Wall 2 0.1713584 91.688046 1375.32 374.07 307.17 224.62 0

Tower 4
Wall 1 0.0241147 12.902943 193.544 335.13 398.7 31.61 31.61
Wall 2 0.0361758 19.356456 290.347 349.41 384.42 47.42 47.42
Wall 3 0.0098869 5.290166 79.3525 337.61 387.02 12.96 12.96
Wall 4 0.0098869 5.290166 79.3525 344.57 393.97 12.96 12.96
Wall 5 0.0098869 5.290166 79.3525 346.81 396.21 12.96 12.96

Tower 5
Wall 1 0.0348637 18.654366 279.815 310.39 420.38 45.7 45.7
Wall 2 0.0348637 18.654366 279.815 294.59 404.58 45.7 45.7
Wall 3 0.0078043 4.1758023 62.637 298.48 416.49 10.23 10.23
Wall 4 0.0078043 4.1758023 62.637 306.49 408.47 10.23 10.23

Tower 6
Wall 1 0.047436 25.381367 380.721 146.37 325.3 62.18 25.12
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Wall 2 0.0316214 16.919551 253.793 138.67 306.72 41.45 16.75
Wall 3 0.0052868 2.8287693 42.4315 136.48 318.42 6.93 17.15
Wall 4 0.0052868 2.8287693 42.4315 144.33 315.17 6.93 17.15
Wall 5 0.0052868 2.8287693 42.4315 148.49 313.45 6.93 17.15

Tower 7
Wall 1 0.1142338 61.122643 916.84 268.59 208.37 149.74 0
Wall 2 0.1713584 91.688046 1375.32 268.59 189.21 224.62 0

Ó 1310.82 384.4

ex = Xmass – Xcr = 221.03’ - 229.4908’ = -8.46’

ey = Ymass – Ycr = 274.98’ - 261.05’ = 13.93’

Torsional Moment:

Mt = P * ey = 535.07k * 13.93’= 7453.53’k

Element Rx Ry X (ft) Y(ft) RxX^2 RyY^2 Rx/ÓRxX^2 Ry/ÓRyY^2 Torsional
Shear (x)

Torsional
Shear (y)

Tower 1
Wall

1 31.98 6.22 219.59 37.59 1542068 8788.91 5.107E-06 1.624E-06 0.038064 0.012106
Wall

2 31.98 6.22 216.15 54.91 1494132 18753.97 5.107E-06 1.624E-06 0.038064 0.012106
Wall

3 5.7 29.32 227.19 48.1 294207 67835.05 9.102E-07 7.656E-06 0.006784 0.057067
Wall

4 3.8 19.55 208.72 44.43 165543 38592.19 6.068E-07 5.105E-06 0.004523 0.038051
Tower 2

Wall
1 59.81 0 - 234.05 - 0 9.551E-06 0 0.071188 0

Wall
2 49.05 0 - 242.21 - 0 7.833E-06 0 0.058381 0

Wall
3 25.58 0 - 253.88 - 0 4.085E-06 0 0.030446 0

Tower 3 0
Wall

1 149.75 0 - 65.94 - 0 2.391E-05 0 0.178238 0
Wall

2 224.62 0 - 44.29 - 0 3.587E-05 0 0.267352 0
Tower 4

Wall
1 31.61 31.61 105.63 137.65 352695 598931.2 5.048E-06 8.254E-06 0.037623 0.061524

Wall
2 47.42 47.42 119.91 123.37 681824 721739.8 7.572E-06 1.238E-05 0.056441 0.092295

Wall
3 12.96 12.96 108.11 125.97 151474 205655 2.07E-06 3.384E-06 0.015426 0.025225

Wall
4 12.96 12.96 115.07 132.92 171605 228973.7 2.07E-06 3.384E-06 0.015426 0.025225

Wall
5 12.96 12.96 117.31 135.16 178351 236756.2 2.07E-06 3.384E-06 0.015426 0.025225

Tower 5
Wall

1 45.7 45.7 80.89 159.33 299024 1160142 7.298E-06 1.193E-05 0.054394 0.088948
Wall

2 45.7 45.7 65.09 143.54 193618 941590.5 7.298E-06 1.193E-05 0.054394 0.088948
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Wall
3 10.23 10.23 68.98 155.44 48676.8 247173.1 1.634E-06 2.671E-06 0.012176 0.019911

Wall
4 10.23 10.23 76.99 147.42 60637.9 222325.1 1.634E-06 2.671E-06 0.012176 0.019911

Tower 6
Wall

1 62.18 25.12 83.13 64.25 429701 103696.9 9.929E-06 6.56E-06 0.074009 0.048892
Wall

2 41.45 16.75 90.83 45.67 341966 34936.29 6.619E-06 4.374E-06 0.049335 0.032601
Wall

3 6.93 17.15 93.02 57.37 59963.4 56446.08 1.107E-06 4.478E-06 0.008248 0.03338
Wall

4 6.93 17.15 85.17 54.12 50269.7 50231.91 1.107E-06 4.478E-06 0.008248 0.03338
Wall

5 6.93 17.15 81.01 52.4 45479 47089.78 1.107E-06 4.478E-06 0.008248 0.03338
Tower 7

Wall
1 149.74 0 - 52.68 - 0 2.391E-05 0 0.178226 0

Wall
2 224.62 0 - 71.84 - 0 3.587E-05 0 0.267352 0

Ó 6262210 3829516

The first floor torsional shears, like the lobby, are very small and will be considered negligible.

Element Rx Ry
Direct
Shear

(x)

Direct
Shear

(y)

Area
(sf)

Area (sq
in)

Shear
Stress (psi)

(x)

Shear
Stress

(psi) (y)

Tower 1

Wall 1 31.98 6.22 13.0541 8.658 18 2592 5.0362932 3.340278
Wall 2 31.98 6.22 13.0541 8.658 18 2592 5.0362932 3.340278
Wall 3 5.7 29.32 2.32671 40.8123 18.64 2684.16 0.8668301 15.204873
Wall 4 3.8 19.55 1.55114 27.2128 12.45 1792.8 0.8652055 15.178964

Tower 2
Wall 1 59.81 0 24.4141 0 8.22 1183.68 20.625621 0
Wall 2 49.05 0 20.022 0 15.33 2207.52 9.0698877 0
Wall 3 25.58 0 10.4416 0 20 2880 3.6255642 0

Tower 3
Wall 1 149.75 0 61.1272 0 6 864 70.749053 0
Wall 2 224.62 0 91.6887 0 9 1296 70.747478 0

Tower 4

Wall 1 31.61 31.61 12.903 43.9999 9.12 1313.28 9.8250486 33.503825
Wall 2 47.42 47.42 19.3566 66.0068 13.66 1967.04 9.8404713 33.556417
Wall 3 12.96 12.96 5.29021 18.0398 12.89 1856.16 2.8500806 9.7188933
Wall 4 12.96 12.96 5.29021 18.0398 12.89 1856.16 2.8500806 9.7188933
Wall 5 12.96 12.96 5.29021 18.0398 12.89 1856.16 2.8500806 9.7188933

Tower 5
Wall 1 45.7 45.7 18.6545 63.6126 8 1152 16.193147 55.219306
Wall 2 45.7 45.7 18.6545 63.6126 8 1152 16.193147 55.219306
Wall 3 10.23 10.23 4.17583 14.2398 14.44 2079.36 2.0082302 6.8481485
Wall 4 10.23 10.23 4.17583 14.2398 14.44 2079.36 2.0082302 6.8481485

Tower 6

Wall 1 62.18 25.12 25.3816 34.9661 13.67 1968.48 12.893988 17.762981
Wall 2 41.45 16.75 16.9197 23.3154 9.11 1311.84 12.897668 17.773017
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Wall 3 6.93 17.15 2.82879 23.8721 12.86 1851.84 1.5275566 12.891038
Wall 4 6.93 17.15 2.82879 23.8721 12.86 1851.84 1.5275566 12.891038
Wall 5 6.93 17.15 2.82879 23.8721 12.86 1851.84 1.5275566 12.891038

Tower 7
Wall 1 149.74 0 61.1231 0 6 864 70.744329 0
Wall 2 224.62 0 91.6887 0 9 1296 70.747478 0

Ó 1310.82 384.4

When the shear stress is compared with the allowable shear stress of masonry, towers 3 and 7
both have shear stresses that surpass 35 psi. This can be due to a miscalculation or wrong
assumption.

Second and Third Floors (Flexible Diaphragm)

Load Direction: S-N
Seismic Load: 2nd Floor = 202.57k

3rd Floor = 257.74k
Design Basis: Capacity
Elements: Masonry Towers
Height: 10 ft
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Element Area
(sf)

Height
(ft)

Length
(ft)

Trib
Width

(ft)

Trib
Area
(sf)

Fraction
of Trib
Area

Shear
Wall Load
(2nd Fl)

Shear
Wall Load

(3rd Fl)

Area
(sq in)

Shear
Stress
(psi)

(2nd Fl)

Shear
Stress
(psi)

(3rd Fl)
Tower

1
Wall

1 18 10 18 29.31 293.1 0.034287 6.9454196 8.8370067 2592 2.67956 3.409339
Wall

2 18 10 18 29.31 293.1 0.034287 6.9454196 8.8370067 2592 2.67956 3.409339
Wall

3 18.64 10 18.67 29.31 293.1 0.034287 6.9454196 8.8370067 2684.16 2.587558 3.29228
Wall

4 12.45 10 18.67 29.31 293.1 0.034287 6.9454196 8.8370067 1792.8 3.874063 4.929165
Tower

2
Wall

1 8.22 10 12.33 87.85 878.5 0.102766 20.817302 26.4869 1183.68 17.58693 22.37674
Wall

2 15.33 10 15.33 10 100 0.011698 2.3696416 3.0150142 2207.52 1.073441 1.365792
Wall

3 20 10 20 6.33 63.3 0.007405 1.4999832 1.908504 2880 0.520827 0.662675
Tower

3
Wall

1 6 10 9 51.63 516.3 0.060396 12.23446 15.566519 864 14.16025 18.0168
Wall

2 9 10 9 51.63 516.3 0.060396 12.23446 15.566519 1296 9.44017 12.0112
Tower

4
Wall

1 9.12 10 13.67 47.74 477.4 0.055846 11.312669 14.393678 1313.28 8.614057 10.9601
Wall

2 13.66 10 13.67 47.74 477.4 0.055846 11.312669 14.393678 1967.04 5.751113 7.31743
Wall

3 12.89 10 19.36 47.74 477.4 0.055846 11.312669 14.393678 1856.16 6.094663 7.754546
Wall

4 12.89 10 19.36 47.74 477.4 0.055846 11.312669 14.393678 1856.16 6.094663 7.754546
Wall

5 12.89 10 19.36 47.74 477.4 0.055846 11.312669 14.393678 1856.16 6.094663 7.754546
Tower

5
Wall

1 8 10 12 16.62 166.2 0.019442 3.9383444 5.0109537 1152 3.418702 4.349786
Wall

2 8 10 12 16.62 166.2 0.019442 3.9383444 5.0109537 1152 3.418702 4.349786
Wall

3 14.44 10 21.67 16.62 166.2 0.019442 3.9383444 5.0109537 2079.36 1.894018 2.409854
Wall

4 14.44 10 21.67 16.62 166.2 0.019442 3.9383444 5.0109537 2079.36 1.894018 2.409854
Tower

6
Wall

1 13.67 10 13.67 25.82 258.2 0.030204 6.1184147 7.7847668 1968.48 3.108192 3.95471
Wall

2 9.11 10 13.67 25.82 258.2 0.030204 6.1184147 7.7847668 1311.84 4.663995 5.934235
Wall

3 12.86 10 19.28 25.82 258.2 0.030204 6.1184147 7.7847668 1851.84 3.303965 4.203801
Wall

4 12.86 10 19.28 25.82 258.2 0.030204 6.1184147 7.7847668 1851.84 3.303965 4.203801
Wall

5 12.86 10 19.28 25.82 258.2 0.030204 6.1184147 7.7847668 1851.84 3.303965 4.203801
Tower

7
Wall

1 6 10 9 8.045 80.45 0.009411 1.9063767 2.425579 864 2.206455 2.807383
Wall

2 9 10 9 87.85 878.5 0.102766 20.817302 26.4869 1296 16.06273 20.43742
Ó 8548.55
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APPENDIX 5: MEMBER SPOT CHECKS

First Floor Steel
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P (kips) a (ft) b (ft) L (ft) FEM (ft*k)
AB 17.2 0.433 22.227 22.67 -7.15937321

17.2 4.886 17.784 22.67 -51.7175292
17.2 9.329 13.341 22.67 -55.5695997
17.2 13.772 8.898 22.67 -36.4928031
17.2 18.227 4.443 22.67 -12.0418504

FEM
AB -162.981156

BA 17.2 0.433 22.227 22.67 0.139470401
17.2 4.886 17.784 22.67 14.20894331
17.2 9.329 13.341 22.67 38.85831612
17.2 13.772 8.898 22.67 56.48223015
17.2 18.227 4.443 22.67 49.40058673

FEM
BA 159.0895467

BC 13.3 3.88 18.79 22.67 -35.4514405
13.3 7.76 14.91 22.67 -44.644258
14.1 11.64 11.03 22.67 -38.8525992
16.4 15.52 7.15 22.67 -25.3188869
16.4 19.4 3.27 22.67 -6.61969596

FEM
BC -150.88688

CB 13.3 3.88 18.79 22.67 7.320467755
13.3 7.76 14.91 22.67 23.23537503
14.1 11.64 11.03 22.67 41.00129232
16.4 15.52 7.15 22.67 54.95791948
16.4 19.4 3.27 22.67 39.27281396

FEM
CB 165.7878686

P (kips) Moment
Arm (ft)

Moment
(ft*k)

ÓM @ B 17.2 22.227 382.3044
17.2 17.784 305.8848
17.2 13.341 229.4652
17.2 8.898 153.0456
17.2 4.443 76.4196

Ó 1147.12

ÓM @ C 13.3 18.79 249.907
13.3 14.91 198.303
14.1 11.03 155.523
16.4 7.15 117.26
16.4 3.27 53.628

Ó 774.621
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Third Floor Wood

Section of Wood Framing

Wood Stud Bearing Wall
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APPENDIX 6: ELEVATION PLAN
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APPENDIX 7: GENERAL BUILDING SECTION
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