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The Towers at Greenville Place
Tower ‘B’ 2%

Wilmington, DE

N

Shawn ‘M. Brandt

Structural

Building Statistics Project Team

Owner: Greenville Place, LLC.

Architect & General Contractor: Pettinaro Construction Co.
Structural Engineer: Baker, Ingram & Associates
Geotechnical Engineer: Advanced Geo Services Corp.
MEP Engineer: TICI

Civil Engineer: Howard L. Robertson, Inc.

-Function Type: Apartment Building

-Size: 180,000 Square Feet

-Stories: 7 above grade/ 1 pariatlly below grade
-Delivery Method: Design-Bid-Build
-Construction Time: July 2006 - July 2007
-Total Cost: $11.5 Million

Archtecture Structure
-89 Upscale residential Apartments Foun'datlon ) ) )
_Facade is 8 inch decorative CMU -Continuous 18 inch thick spread footing
-A rustice base of textured and darker CMU creates a -4 inch slab on grade with 6x6 welded wire mesh
solid -base of the larger, lighter colored upper sections )
-Flat roof; Fully adhered EPDM roofing over tappered Gravity System
rigid insulation -Load Bearing Decorative 8 inch CMU walls

-8 inch think precast hollow core concrete floor plank

Lateral System
-Reinforced, filled core, 8 inch CMU walls

MEP System

-Thru-wall heat pumps, Completely self contained heating
& cooling units service each upper floor living units at
1130 CFM

-208/120 Volt, 3 Phase, 4 Wire primary feed

-Recessed hi-hat corridor lighting

-Each living unit is equipted with 52 gallon electrical hot
water heaters (208 volts)

http://www.engr.psu.edu/ae/thesis/portfolios/2010/smb5104/index.html
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Executive Summary

Tower ‘B’ of The Towers at Greenville Place is a 180,000 square foot mid-rise apartment
building. The 7-story is part of an upscale residential complex with 3 virtually identical towers.
The existing structure is essentially made up of 8-inch load bearing CMU block and 8 inch
precast hollow plank. The building proves to be very heavy, causing seismic to be the
controlling lateral force. A lightweight structural system, known as Infinity, has been proposed
in order to reduce the critical lateral load.

The Infinity Structural System uses lightweight metal stud construction and an economical slab
on deck floor system. After extensive research, this proves to be a feasible, lightweight
alternative to the heavy masonry construction of the existing structure.

Additionally a breath study was performed to investigate the options for making Tower ‘B’
more sustainable. It is not always easy to alleviate the environmental and economical stress
that a building of this nature can cause. A rainwater collection system is discussed to uncover
what benefits it can have when incorporated in a setting such as this apartment building. Also,
the benefits of an extensive green roof are discussed.

Lastly, two very common questions are addressed in the construction management breadth.
The cost and construction timeline of the existing and proposed structural systems are
researched and compared. While it may appear as a win/lose situation on paper, it can been
seen that the benefits of faster construction may outweigh the increased cost of an alternative
system.
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Introduction

Tower ‘B’ of The Towers at Greenville Place is one of three virtually identical buildings. The towers, ‘A’,
‘B’, and ‘C’, are all directly neighboring upscale apartment buildings in Wilmington, Delaware. The
project was completed in May of 2008 at an overall cost of $11.5 Million by a Design-Bid-Build delivery
method. It is owned and managed by Pettinaro Real Estate Development Company.

The 180,000 square foot building consists of 89 different apartment units. One level is partially below
grade and, on top of that, there are seven. The partially below grade ground floor is 12’ and houses the
lobby, exercise room, game room/café, storage, housekeeping, and electrical room. The ground floor
lobby entrance opens to ground level; where as the opposite side of the building is nearly entirely below
grade. The first floor is 10’ and begins the typical apartment unit layout. Floors two through seven are
also typical in layout, but only rise 9 feet and 4 inches each. The roof, though accessible, is virtually bare
and houses no mechanical equipment.

Figure 1: North-west view of Tower ‘B’, showing canopy entrance.
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Building Overview

Architecture

Tower ‘B’ is made up nearly entirely of masonry and precast concrete construction. The exterior walls
are structural 8-inch CMU supporting 8-inch precast hollow core concrete planks. The 8-story apartment
building has a balcony for nearly every unit closed off by metal railing. As you can see in figure 2 the
elevation of the building consists of three distinct sections defined by white strips of ledge, which are an
assembly of metal flashing and decorative solid insulation. A rustic base of textured and dark CMU
seems to create a solid foundation for the large, lighter colored middle portion. The top floor displays its
final section with a profound parapet proudly marking its summit. Arched precast concrete lintels
provide character for the uppermost balconies.

Building Facade

The fagade of the building is 8-inch split face CMU. Three different colors of these decorative blocks
provide both aesthetic and structural functionality (figures 2 & 4). The structure of the building is
primarily 8 inch CMU and precast concrete planks. Precast concrete lintels span the width of all doorway
and window openings. Almost every apartment in tower ‘B’ comes with a balcony closed off by metal
railing. Throughout the building there are 4 different types of glazing used. The most common type is a
clear low ‘E’ insulated glazing and is used for nearly all windows. The second type is just a clear glazing
for hinged doors. The third type of glazing is same as used on the windows, but meant for door instead.
The last type is a laminated glazing used in side doors and emergency exits. The roofing of this building is
fully adhered EPDM Roofing over tapered rigid insulation. 22-gage metal flashing provides a drip edge
from the parapet onto the EPDM flashing around the perimeter. Periodic scuppers consist of EPDM lap
flashing overlapping 24-gage metal flashing with metal at the edge.

Electrical

Tower ‘B’ runs on a 208/120V 3 phase, 4 wire primary feed. Buildings electrical room is located on the
ground floor and houses the panels for the elevators, corridor heat pumps, corridor lighting, and other
building wide systems. The electrical room also houses the meters for the individual apartment units.
From the ground level electrical room, the feeds to each apartment are 208/120V single phase, 3 wire
systems on a 150A bus. Each unit has its own panel for its separate needs. There is a 400A automatic
transfer switch for the emergency power. A 375KW/469KVA 3 phase, 4 wire generator supplies
emergency back up at 208/120V.

Lighting

Recessed hi-hat lights illuminate the corridors and all other public spaces of Tower ‘B’. 2x4 fluorescent
lights illuminate housekeeping and service corridors. The apartments units have a variety of lighting
types from closed to ceiling lights to pendant lighting in dining rooms.
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Mechanical

Each apartment unit is serviced by a thru wall heat pump. These completely self-contained heating and
cooling units operate at 1130 CFM with ductwork spread throughout the individual units. The heat
pumps are located and vented directly adjacent to the balconies in each apartment. Public areas, such
as lobbies, community rooms, and ground floor corridors are serviced but exterior pad mounted
condenser units. They provide 14,600 BTU of cooling and 14,800 BTU of heating. These units run on a
208V single phase, 60 hertz feeder. Three condenser units are used for these ground floor applications.
Upper floor corridors achieve their climate control by thru wall heat pumps mounted in wall sleeves.
Tower ‘B’ consists of two of these units per floor. They are each capable of providing 15,000 BTU of
cooling and 14,000 BTU heating. These too run on a 208V single phase, 60 hertz feeder.

Fire Protection

The Fire protection for Tower ‘B’ was design to the requirements and conditions of NFPA 13 and 14. It is
a hydraulically designed, light hazard wet pipe sprinkler system. Each room except kitchens and
bathrooms has smoke detectors. Each apartment unit has one centrally located fire alarm speaker.
There are 6 inch diameter standpipe raisers in ach stairwell. It was designed to provide 0.15 gpm per
square foot. There was also a requirement for a 250 gpm allowance to be taken off for the city water
main.

Transportation

Each floor of Tower ‘B’ has two sets of stairs that run the entire height of the building. They are located
at the polar opposites of each floor’s corridors. Centrally, there are two elevators that service all floors.

Telecommunications

All telecommunications, such as phone, Internet, and television are services provide by a private
company and enter through the ground floor. Lines are then run from the ground floor to each
apartment unit.

Special Systems: Door Entry system:

Tower ‘B’ is equipped with a door entry system. It is a system that allows resident and service only
access. The card access at the entrance is designed to work for up to 150 names and 900 access cards.
Doors are secured by a magnetic power lock mechanism. An intercom provides communication between
outside guests at the entrance and individual apartment units. Guest can call a desired apartment and
the tenant in return can remotely unlock the entrance.
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Foundations were designed according to recommendations on the geotechnical engineer’s reports

prepared by Advanced Geoservices Corp. The building’s foundation consisits of a combination of spread

and continuous reinforced cast-in-place concrete footings. The design was based on an allowable soil

bearing capacity of 3000 psf and calls for 3000 psi concrete.

The ground floor slab is 4 inch slab on grade laid on 4 mil poly vapor barrier and 4 inches of crushed
stone. It is reinforced with 6x6 W1.4xW1.4 welded wire fabric (WWF). The slab on grade is designed to

have a strength of 3500 psi.
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Figure 2: Typical interior foundation sections.
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Lateral System

The shear walls are 8 inch CMU with reinforced grouted cells that go all the way down to the
foundation. Tower ‘B’ has three different strengths of shear walls. Each shear wall is essentially
constructed the same, only differing slightly by the size and spacing of steel reinforcing used, depending
on which level they reside. These walls each have two different spacing criteria. As you can see in Figure
3, the reinforcing at the ends of the walls are spaced more tightly than that compared to the middle

portion.
z| REINE. A ' e s»» ) ‘ | e
. LAPRJDADADC IDADADERA
@ SHEAR NALL FLAN Lﬁfﬂ%fféﬁﬁiw
Figure 3: Typical shear wall plan.
Gravity System

Nearly every wall in Tower ‘B’ contributes to supporting the gravity loads. With the exception of cast in
place concrete on the partially below grade ground floor, every wall is CMU. Figure 4 shows all load
bearing CMU walls have regularly spaced reinforcing in grouted cells. Walls on floors 1 through 3 call for
#4 reinforcing bar spaced at 32 inches on center. Walls on floors 4 through 7 call for #4 reinforcing bars
spaced at 48 inches on center. Window and door opening are supported by precast concrete lintels, as

can been see in plan in figure 4 and in detail in figure 5.
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Figure 4: Typical plan layout showing reinforced CMU walls.
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Figure 5: Typical wall openings supported by lintels.
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The floors of Tower ‘B’ are precast hollow core concrete plank. The corridor floors are 6 inch plank and
all others are 8 inch plank. Referring back to figure 4, the planks span one direction each, but alternate
per floor section. Special attention was given to certain plank joints due to the camber and direction of
the planks. Said joints were off level where mid spans met perpendicularly with plank ends. Joints and

levels corrections were filled solid with 300 psi flowable grout.

The support for the floor planks, as stated before, comes from the CMU walls. At the top of each level’s
CMU wall is a CMU bond beam with one continuous #5 reinforcing bar. The planks sit directly on a 3
inch bearing strip on the top of the wall. The floors are tied in using #4 reinforcing bars spaced at 48
inches and bent to suit each locations condition. Figures 6 through 8 display a variety of floor plank to

wall connection conditions.
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Figure 6: Detail of floor plank bearing on CMU wall.
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Figure 8: Detail of both bearing and parallel connection conditions.

The Towers at Greenville place: Tower ‘B’
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Figure 7: Detail of floor plank running parallel to wall connection.
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Roof System

The roof of Tower ‘B’ is the same basic design as the typical floor system. It is accessible but the layout is
mostly empty. Much like the other floors, the roof consists of 8 inch plank throughout except over the
corridors where it is 6 inch plank and bears on the CMU wall. Joints, again, are filled solid with 3000 psi

flowable grout. Figures 9 and 10 show two connection conditions.

REF. 4/5-d FOR ;T #4 x 48" LONG
INFO NOT SHOWN / 8 48" 0.0.
6" PRECAST — / r—-b" PRECAST
PLANK \ /] PAK
! / H
| i L i SEE PLAN &
' ____L;w: i ”
- /
CUT FROM 2x6 SOLID UNIT — kj
OR 4% CMJ CUT TO FIT ¢ > 6ROUT SOLID
FILLED SOLID \
N\,
o o 3" BEARING
B M. SEE —- A STRIP (TYP.)
PLAN FOR VERT. LN
REINF. N\
——BOND BEAM W/
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a0\ SECTION @ ROOF

an 3/4" = {'-Q"

Figure 9: Detail of roof connection.
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Figure 10: Detail of roof floor connection.
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Material Strengths

Existing structural system

Masonry

8” CMU — ASTM C90 Grade N
Core Grout

Bond Beam Grout

Precast
8” x 4’ Hollow Core Plank
Joint Grout

Concrete
Foundation Wall
Slab on Grade
Footings
Reinforcement

Cold Formed Steel Framing
12, 14, & 16 Gage Studs
18 & 20 Gage Studs
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1900 psi
3000 psi
2500 psi

5000 psi
3000 psi

3000 psi
3500 psi
3000 psi
60 ksi (A615)

50 ksi (A653)
33 ksi (A653)
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The building design loads were determined by referencing ASCE 7-05. The live loads were then

compared with the loads determined by the designer. However, the designed dead loads were

not specified in the documents, therefore, the values determined by this analysis could not be

compared to actual design dead loads. Appendix B details more of the dead load calculations.

Tables 1 and 2 show this data. Snow loads were also calculated and can be found in Appendix A.

Area Actual
Design
Lobbies 100 psf
1st Floor Corridor 100 psf
Upper Corridors 40 psf
Apartment 40 psf
Balconies 60 psf
Roof 30 psf

Thesis
Design
100 psf
100 psf
40 psf
40 psf
60 psf
20 psf

Table 1: Live Loads

Roof

1

Ground

Total Dead Load

821.30

1788.24

1738.89

1738.89

1738.89

1738.89

1738.89

1788.24

1685.56

14777.80

Table 2: Level by Level Breakdown of Dead Loads For Existing Structure (kips)
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Wind loads were calculated referencing ASCE 7-05 and flowcharts describing Method 2 for the
main wind-force resisting system (MWFRS). According to ASCE 7-05, the structure was found to

be rigid. For this preliminary analysis, the shape of Tower ‘B’ was simplified into a solid

rectangular shape. The overall dimensions of the building footprint were used for this basic
shape. The effects of the parapets, due to their size, were negligible. The calculated values take

into account the effects of internal pressure and were done on a worst case scenario basis.

Refer to Appendix C for a list of values and calculations. Refer to tables 3 through 7 and figures
11 through 14 for a detailed breakdown of wind loads.

Pressure (psf) North/South
Height
Above
Ground
Level (ft) Windward
Top 78.67 13.99
7 68.67 13.57
6 59.33 13.13
5 50.00 12.64
4 40.67 12.09
3 31.33 11.43
2 22.00 10.61
1 12.00 9.82
Ground 0.00 9.82
L/B =160.67/127.33 = 1.262

Leeward
-8.46
-8.46
-8.46
-8.46
-8.46
-8.46
-8.46
-8.46
-8.46

Table 3: Wind Pressures Acting in the North/South Direction
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15.37 psf 9.84 psf 7.07 psf
h

13.99 psf| 10' ]

13.57 psf | 9'4"

13.13 psf | 9'4"

12.64 psf 9'4"

12.09 Esf | | 94" 8.46 pst

11.43 psf | 9'4"

10.61 psf | 10"

9.82 psf L 12'

L 160"-8" J
N/S Wind Pressure
Figure 11: Diagram of Wind Pressures Acting in the North/South Direction

Pressure (psf) East/West
Height
Above
Ground
Level (ft) Windward Leeward
Top 78.67 13.99 -9.84
7 68.67 13.57 -9.84
6 59.33 13.13 -9.84
5 50.00 12.64 -9.84
4 40.67 12.09 -9.84
3 31.33 11.43 -9.84
2 22.00 10.61 -9.84
1 12.00 9.39 -9.84
Ground 0.00 2.93 -9.84
L/B =127.33/160.67 = .792

Table 4: Wind Pressures Acting in the East/West Direction
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16.75 psf 12.60 psf
% r I

13.99 psf| 10'
13.57 psf | 9'4"
13.13 psf | 9'4"
13.64 psf | 9'4"
12.09 psf | 9'4" 9.84 psf
11.43 psf | 9'4"
10.61 psf | 10’

9.39 psf L 12"

‘ 1274 ‘
E/W Wind Pressure
Figure 12: Diagram of Wind Pressures Acting in the East/West Direction

Roof N/S

Horiz Dist. From Pressure Force
WW edge (ft) Cp Roof (psf) (kips)
0to 39.335 -0.9 -15.37 34.26
39.335 to 78.67 -0.9 -15.37 34.26
78.67 to 157.34 -0.5 -9.84 43.87
157.34 to 160.67 -0.3 -7.07 1.33
Roof E/W

Horiz Dist. From Pressure Force
WW Edge Cp Roof  (psf) (kips)
0to 39.335 -1.0 -16.75 50.96
39.335to0 127.33 -0.7 -12.60 85.77

Table 5: Wind Pressures and Force Acting on the Roof
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Force (kips) North/South

Height
Above
Ground Level
Level (ft) Force

Top 78.67 28.43

7 68.67 26.07
6 59.33 25.53
5 50.00 24.94
4 40.67 24.25
3 31.33 23.42
2 22.00 23.13
1 12.00 25.59
Ground 0.00
Total Force 201.36

Table 6: Wind Forces Acting on the North/South Direction

160'-8"

2843k |
26.07 k 10°
25.53 k kel
24.94 k 94"
24.25 k o4
2342k hd
23.13 k 4
2559 k 10

12

—~—— Base Shear=201.36 k
N/S Wind Force
Figure 13: Diagram of Wind Forces Acting in the North/South Direction

Page 20 of 79



Shawn Brandt The Towers at Greenville place: Tower ‘B’
Structural Option Wilmington, DE
Dr. Richard Behr Final Report

Force (kips) East/West

Height
Above
Ground Level
Level (ft) Force

Top 78.67 38.10

7 68.67 34.97
6 59.33 34.29
5 50.00 33.54
4 40.67 32.67
3 31.33 31.63
2 22.00 31.34
1 12.00 32.87
Ground 0.00
Total Force 269.40

Table 7: Wind Forces Acting on the East/West Direction

r 127-4" -

38.10 k ,
34.97 k 10°
34.29 k 94"
3334k = o4
32.67 k s
31.63 k o4
31.33k 4
32.87k— =10
12

—— Base Shear=269.40 k
E/W Wind Force

Figure 14: Diagram of Wind Forces Acting on the East/West Direction
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Seismic

Seismic loads were calculated referencing ASCE 7-05 and flowchart 6.8. These values are
detailed in table 8. It was assumed that the structure is rigid. The total building weight of Tower
‘B’ used to calculate seismic loads is detailed in table 2. Refer to Appendix D for a list of values
and calculations. Table 9 shows a comparison of the lateral forces.

7 125.08 58.11 3990.20
6 104.61 183.18 10868.27
5 88.16 287.80 14389.83
4 82.29 375.96 17545.99
3 55.24 458.25 14356.95
2 38.79 513.49 11296.82
1 21.86 552.28 6627.40

Table 8: Seismic Design Story Shear Forces
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58.11 k
10'
125.08 k A 58.11 k
104.61 k 94 183.10 k
88.16 k 94 '
" Tn 28780 k
82.29 k 94
: 9|4u 35796 k
55.24 k
0'4" 458.25 k
38.79 k 10 513.49 k
21.86 k 19 552.28 k
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Figure 15: Diagram of Seismic Design Story Shear Forces (Existing Structure)

Worst Case Lateral Loads (Base Shear)
Wind North/South 201.36 k
Wind East/West 269.40 k
Seismic 574.14 k

Table 9: Worst Case Base Shears
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. ______________________________________________________________________________________________________________________ |
Proposal

Problem Statement

The analysis performed in Technical Report 1 determined that the controlling lateral load was
seismic. In Technical Report 3 it was determined that the lateral system was designed well
within the required limits. While the building was designed to adequately handle these forces,
the magnitude of the load is caused by the building’s heavy design and self-weight. All load
bearing and lateral load resisting walls are reinforced CMU. The masonry design offers many
structural advantages and consistency in design, and is relatively simple to construction.
However, with such weight comes more seismic concern. Tower ‘B’ is designed virtually
identical to multiple neighboring apartment towers and is part of a residential complex.

Proposed Solution and Methods

Since the critical lateral load was created by the self-weight of the building, a lighter structural
system may be more beneficial and economical. By replacing the heavy masonry construction
with a light, steel based design; the lateral seismic load can be greatly reduced while
maintaining required strength. This will require an overhaul of the entire structural system.

To reduce weight and maintain ease of design and construction, use of The Infinity Structural
System (see acknowledgments page) is proposed. Infinity Structures is a type of prefabricated
framing system. The walls are made of “pre-panelized” load-bearing 14 to 12 gage metal studs
typically spaced at 16 inches on center. Lateral loads are resisted by “shear panels” which are
essentially load bearing stud walls with Grade 55 steel rods crossing diagonally through the
wall, making an “X”. These panels will be stacked floor to floor and bolted together through the
floor to create a continuous lateral load-resisting frame from the foundation and up. “Pre-
panelized” sections can also be made to incorporate rigid insulation.

The floor system used in Infinity Structures fortunately will maintain a similar depth to the
current floor system. It will essentially be a slab on deck design. Though slightly different in
composition, in Technical Report 2 it was determined that a slab on deck design self weight was
comparable to that of the current floor system. This will work well with the effort to reduce
self-weight in subsequent seismic load considerations. Unsupported floor span lengths can be
maintained, greatly due to fact that the floor system will only be sized for residential Live Loads.
Free spanning floor length reductions may need to be considered if further analyses indicate as
such.
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Breadth Topics

Sustainability

Since the roof of Tower ‘B’ is flat; it would make an ideal place for a “green roof” system. This
type of roofing solution can be used for several environment design considerations. It would
make a great way to collect and filter rainwater. This water can then be used to irrigate the
landscape, cutting back on the use of potable water resources. Cisterns will need to be sized to
store the collected rainwater. The green roof may potentially have a positive impact on the
cooling loads of the building. An analysis should be performed to determine the effect on the
building’s cooling needs. Further investigation may determine whether this roof space may also
be made public for the residence to enjoy.

In addition to the green roof, the amount of waste and the management there of from
construction should be considered. The proposed system is mostly prefabricated and may
present for a less wasteful construction site.

Construction Management

A cost comparison of the proposed and original systems should be conducted to further
investigate the economics of design. This comparison shall include how the schedule is
affected, as well as the material, construction, and transportation costs. Overall efficiency and
cost will then indicate whether the proposed alternative is a viable option.
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Depth Study: Redesign of Structural System

Overview

One of the most important and initial steps in the design of Tower ‘B’ using the Infinity
Structural System was to evaluate the buildings designated floor plan, and implement the new
structure without drastically changing the layout of the plan. The same unsupported floor spans
and direction could not be maintained due to the nature of the new system. This proved
particularly difficult when considering the functions of various spaces and will be discussed in
detail later on.

The new gravity system, fortunately, could be easily manipulated to find a suitable compromise
between the existing layout and the new type of structural system. To accommodate the
sustainability breadth topic, an extensive green roof wet load was taken into consideration to
fully understand the comparison of the original and new designs.

Floor System Design

The biggest challenge to the redesign was the use of the slab on deck floor system in the
existing layout. The original design made use of one of the most economical floor systems,
precast hollow core plank. Referring back to figure 4, the planks spanned different directions.
The floor was essentially separated in to sections according to the building’s apartment units
that it was located in. The typical spans distances for the precast plank were about 28 feet or
more in some places. There was no logical option to have the floor system of the Infinity
Structural System span the original distances.

Infinity makes use of Epicore MSR deck. It is a 20 gage composite type deck that uses dovetail
shaped locking flutes to keep slab depths shallow and reinforcing bar usage to a minimum
across spans. It is specifically designed for multistory residential applications. Refer to figure 16
for a section detail.
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Figure 16: Epicore MSR deck profile

Keeping in mind that the entire purpose of the proposed redesign is to reduce building weight,
it is important to consider the depth of the slab in the floor system. The only way to keep the
floors self-weight relative or less than that of the precast, the total slab depth must stay around
5 inches. By reassigning interior partition walls from Tower ‘B’s original layout as load bearing,
along with the use of steel beams over open spaces, the typical spans be can nearly halved.
Refer to Figure 17 the typical layout of upper level stories. The same support lines are mirrored
on the ground and first levels. Figures 18 to 22 show several floor support details.
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Figure 17: Typical Layout (levels 2-7) showing steel beams and reassigned interior partition

walls as load bearing in red.
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[ 1/2" MIN.
EPICORE MSR

#5 SUPPORT ROD CONT. ALONG TOP
OF THE BEARING WALL _\

ey

EPICORE MSR DECK
(ATTACH TO WALL @8"
O.C. EACH SHEET)

™\\__ LOAD-BEARING METAL
STUD WALL PANEL

Figure 18: Typical deck on load bearing wall section detail

[ 1/2" MIN.
#5 SUPPORT ROD CONT. ALONG TOP EPICORE MR
OF THE BEARING WALL

14 GAUGE EDGE
SCREED / POUR STOP —t
aMele T

EPICORE MSR DECK
(ATTACH TO WALL
@8®" 0.C)

™\\__ LOAD-BEARING METAL
STUD WALL PANEL

Figure 19: Typical deck at end wall section detail (perpendicular)
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|
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| (ATTACH TO WALL
| @l2" OC)

™\\__ LOAD-BEARING METAL
STUD WALL PANEL

Figure 20: Typical deck at end wall section detail (parallel)

[ 172" MIN.
EPICORE MSR

EPICORE MSR DECK
(WELD TO BEAM @8&"
0.C. EACH SHEET)

WF BEAM

Figure 21: Deck on steel beam section detail
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Figure 22: Deck on CMU block section detail
To meet a WL%/11 deflection criteria, the slab is to be reinforced by #4’s at 8 inches on center
over the supports. Between the supports, the deck is capable of bearing the load itself. 6x6-

W1.4xW1.4 tempered mesh is to be used throughout as aswell. Calculations and Specifications
can be found in Appendix E.
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Gravity System

As stated in the proposal, the gravity system for Infinity Structures is a “pre-panelized” metal
stud wall system. These panels are fabricated offsite and then shipped to the construction site.
Load bearing metal stud walls are a great way to reduced building self-weight. Even though it
may take more linear footage of wall to support the slab on composite deck floor system, metal
stud will still weigh in at less than the CMU of the existing design.

An extensive set of hand calculations done in an excel spreadsheet show in detailed
breakdown, the design of the metal stud walls. Refer to Appendix F. Using the manufacturers
combined axial and lateral load sizing chart the studs noted in table 10 show the necessary sizes

per level.

7 10 1.36 16 6005162-54 33ksi
6 9.33 2.84 16 6005162-54 33ksi
5 9.33 4.32 16 6005162-68 33ksi
4 9.33 5.80 16 6005162-97 33ksi
3 9.33 7.28 16 6005162-97 33ksi

(2) 6005162-97
2 9.33 8.76 16 33ksi

(2) 600S5162-97
1 10 10.24 16 33ksi

Table 10: Stud loads and sizes
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The ground floor still maintains the same type of concrete and masonry structure, as it exists.
Addition walls must be added to compensate for the alternative floor system. Metal stud
construction cannot be used below grade. On levels 1 and 2, the studs must be doubled up to
achieve the necessary strength. Figure 23 demonstrates the layout of one of these
prefabricated panels.

I" MIN. FIELD
TOLERANCE
BETWEEN PANELS

STUD SPACING (SEE STUD SCHEDULE)
PDT PD2 PD4 PD4
Y \/—\ SIM. SIM.

WINDOW
R.O.

|-lo" WINDOW PD5

PLUMB. R.O.
A5
NI

CHASE
() a e
PD6 \< % %P 4 PD4
Rpp& PD3 PD4 D: D

Figure 23: Example of a prefabricated panel

W

L

In areas where a load-bearing wall would create an obstacle or close off a space, steels beams
and columns are used. On the ground level, it was necessary to use a series of steel beams and
columns to keep spaces, such as the lobby, exercise room, and café unhindered. A computer
model was built using RAM Structural System. From this model the steel sizes were generate.
Spreadsheets of the beam and column sizes, as well as a 3D representation of Tower ‘B’ can be
found in Appendix G. Figures 23 to 25 show the layouts of the ground, first, and second levels
respectively with beam sizes.
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Figure 24: Layout of gravity system on ground level
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Figure 25: Layout of gravity system on first level
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Figure 26: Layout of gravity system on second to seventh level
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Lateral System

The lateral system for Tower ‘B’ would also be a part of the Infinity Structural System. By use of
the “Infinity Shear Panel” or ISP, the lateral loads can be addressed while being seamlessly
worked into the gravity system. The ISP’s make use of % inch round threaded grade 55 steel
rods. They form an X with the ISP. This is different from the traditional type of cross bracing
that is fastened to the surface of the stud walls. Refer to figure 27 for the ISP assembly.

APPROX. 10'-O"
(DEPENDS UPON END POST MEMBER SIZE)

4'-4" (STANDARD)

/\5EE SHEET 3 FLOOR-TO-FLOOR CONNECTIONS.

. . 14 GA. TRACK .
Lﬁ\ fl
2 ISP CORNER
N BRACKET™
\\ (PATENTED)
3
: 3'"GRADE 55
[} ™N— STEEL RODS
N N / THREADED AT
5 EACH END
° /
5 \
D
T
; g % g
T v
F NN
FLAT STRAP
BRIDGING
L | EA.SIDEe 3
POINTS.
(ONE ROW IF
&' HIGH WALLS)
1 :%. < Il
SEE SHEET 4J
14 GA. TRACK: ATTACH TO EOR 5.0.6.
SLAB W/ OITT" X | §' PAF. @ 4" OC. CONNECTION

(HILTI D5 37 PIO OR EQUAL)

Figure 27: “Infinity Shear Panel”

The ISP would be worked into a 10-foot length of metal stud wall sized for its specific gravity
load. The steel rods tie into corner brackets welded in the four corners of the ISP. These corner
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brackets are then bolted together through the slab to deck, from floor to floor to create a
continuously braced lateral system. Refer to figure 28 to see a detail of the thru-bolt assembly.
Dependant on wall height, the ISP’s can resist anywhere from 7.47kips to 9.40kips of lateral

force (table 11).

2" THREADED ROD
W NUTS & WASHERS.

END POST

END POSTS MAY BE
EITHER METAL STUDS
OR TUBE STEEL

EPICORE MR . )
s "ol L, < 7

END POST

ISP CORNER BRACKET ™
(PATENTED)

Figure 28: Thru-bolt assembly

\ 3
4"GRADE 55

STEEL RODS

ISP HEIGHT ALLOWABLE
8- 0" 940k
- 0" 9.1I3K
9'- 0" 851K
9- 6" .6IK
0'- 0" 830K
10'-6" &.12K
- 0" 190K
II'- 6" 106K
12'- O" 147K

Table 11: Horizontal shear values for “Infinity Shear Panels”
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The redesigned structure requires and increased amount of shear walls. Even though the
structure will be lighter and have lessened seismic loads, it will take more wall length than
compared to the existing lateral system. The CMU shear walls of the original structure were
more rigid and able to take significantly more force. Fortunately, the need for more support
walls for the floor system created more walls eligible to become shear walls. Figure 29 shows
the redesigned shear wall layout. A complete and detailed calculation of the lateral system was
performed using an excel spreadsheet and can be found in Appendix .
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, ®
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®
®
®

®
©
©
E
L

O
Q)

WBx10

®

| [

Figure 29: Shear wall layout of redesigned structural system (Numbered and Lettered blue walls
indicate shear walls)
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Foundations

The foundations of Tower ‘B’ will bear less of a load, but require additional footings. For all of
the interior walls that were reassigned as load-bearing, continuous spread footings need added.

In addition to that, some of the gravity loads are transferred to columns and will require their
own spread footings.

The foundation merits further investigation, but is slightly beyond the scope of study for the
problem statement. It is the goal of this proposed system to reduce the self-weight of Tower ‘B’
in effort to alleviate much of the later force that could be caused my seismic activity.
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Lateral Analysis

Because Tower ‘B’ did not change its dimensions or location, the wind forces presented at the
beginning of this report still hold true for the redesigned structure. However, since the self-
weight of the building has been altered, a new seismic and lateral analysis was performed.
Detailed in table 12 is a level-by-level breakdown of the self-weight of the redesigned building.
A more complete set of dead load calculations can be found in Appendix F. From these deal
loads, seismic loads were calculated referencing ASCE 7-05 and flowchart 6.8. These values are
detailed in table 13. Figure 30 depicts theses forces acting at each level. To also view a more
complete set of the seismic calculations, refer to Appendix H.

Roof 1025.82

7 873.75

6 872.41

5 877.05

4 886.22

3 886.22

2 918.69

1 922.36
Ground 1503.82

Table 12: Level by level breakdown of redesigned building dead load (kips)
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Roof 86.86 - -
7 62.95 86.86 5964.94
6 54.29 149.81 8888.20
5 46.03 204.10 10204.86
4 43.49 250.13 11673.57
3 29.19 293.62 9199.08
2 21.37 322.81 7101.89
1 11.71 344.19 4130.25
Ground 0.00 355.90
Total Overturning Moment= 57162.78

Table 13: Seismic design story shear forces

86.86 k :
62.95 k ;81" 86.86 k
46.03 k g4 204.10 k
43.49 k Al 250.13 k
29.19 k 94

" 9|4|| 29362 k
21.37 k 0 32281k
11.71k o 344.19 k

- Base Shear=355.90 k

Seismic Force

Figure 30: Diagram of Seismic Design Story Shear Forces (Redesigned)
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Sustainability Breadth

It is often difficult to make a building such as a mid-rise apartment tower sustainable. Instead of
the building being conditioned by a few large air-handling units, each individual apartment
possesses its own. Sustainability has to be approached in a different way. It is best to find
something that the building as a whole can contribute to or take part in. Two of the best
options for this type of structure are a rainwater collection system and an extensive green roof.

Tower ‘B’ features a vacant flat roof system. This type of empty space opens up the possibility
of making the building slightly more sustainable. The existing structure itself makes for an easy
way to collect rainwater. The flat roof drain thru the middle of the building by way of drainage
pipes. These pipes can be rerouted to drain into a cistern and stored for irrigation purposes
around the property.

Another great use for a flat roof such as this is an extensive green roof system. This type of
system typically only requires 2-6 inches of growing media (soil). The redesign actually included
the wet dead load of an extensive green roof. Refer to figures 31 and 32 for assembly and
example. An extensive green roof is not the type to be heavily trafficked by the public. A walk-
able, intensive, green roof would not be viable for this building. Tower ‘B’ is located in a
suburban area where plenty of open green grass is easy to find. Intensive green roofs are meant
for more urban areas where plant life is not naturally abundant.

A green roof can help improve the function of a flat roof in many ways. It helps to reduce the
urban heat island effect, keeping the roof cool and at a more constant temp. Because of this, it
also helps to increase the life expectancy of the roof membrane. To tie into the rainwater
collection topic as well, green roofs help to control and retain storm water run off.

Figures 31 and 32: Green roof assembly (left), and example extensive green roof (right)
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Using the Infinity Structural System is not even remotely close to the CMU and precast hollow

core plank of the existing system. Starting at the very foundation, the redesigned project would

unfold quite differently. Due to the drastic difference in the nature of the existing and

redesigned structural system, It seems fitting to investigate the effects the proposed system

would have on the construction time and cost of the project.

The costs of the two structural systems were broken down according to RS Means “Building

Construction Cost Data.” Only the structural related items were taken into consideration for

comparison. Tables 14 and 15 detail the costs for the existing and redesigned systems,

respectively.

Quantity

1130
SFCA

3390
C.Y.

480 C.Y.

179014
Ea.

90895
S.F.

5.2 Ton

7.7 Lb.

129.85
C.S.F.

Description

C.I.P. concrete
forms

Structural
concrete, 3000
psi

Structural
concrete, 4000
PSI

Concrete block

Precast slab

Reinforcing steel
#4 to #7,
footings

Reinforcing
steel, #3 to #7,
floors, walls

Welded wire
fabric 6 x 6 -
W1.4 x W1.4
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Ext. Labor
Ext. Mat. O&P O&P

9266 5650
376290 0
55680 0
270311.14 0
731704.75 154521.5
8450 5720
6.85 6.01
2577.52 4349.98

Ext. Equip.
O&P

59081.75

Ext. Total O&P

14916

376290

55680

270311.14

945308

14170

12.86

6927.5
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Concrete block,
362 L.F. lintel 1339.4 2298.7 184.62 3822.72

Total $1455625.66 $172546.19 $59266.37 $1687438.22

Table 14: Existing Structural Costs

Ext. Labor Ext. Equip.

Quantity Description Ext. Mat. O&P O&P Oo&P Ext. Total O&P
Structural

4200 concrete, 3000

C.Y. psi 466200 0 0 466200

1130

SFCA concrete forms 9266 5650 0 14916

10770

L.F. Metal studs 200860.5 146472 0 347332.5

Welded wire

1039 fabric 6 x 6 -
C.S.F. W1.4 x W1.4 20624.15 34806.5 0 55430.65
Reinforcing
steel, footings,
10.1 Ton #4 to #7 16412.5 11110 0 27522.5
103880
S.F. Metal decking 470576.4 78948.8 4155.2 553680.4
1642
L.F. W8x10 29802.3 11411.9 5237.98 46452.18
58 L.F. W18x40 4205 368.3 124.7 4698
530 L.F. W12x16 15370 2512.2 1155.4 19037.6
16.5 L.F. W16x26 775.5 68.81 31.68 875.99
W16x31 1134.52 92.97 42.77 1270.26
20.08
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20.08 W16x31 1134.52 92.97 42.77 1270.26

L.F.

25 L.F. W18x35 1587.5 158.75 53.75 1800
Structural

3847 concrete, 4000

C.Y. PSI 446252 0 0 446252

82 L.F. W10x45 6683 331.28 152.52 7166.8

36 L.F. W12x87 5688 152.64 70.2 5910.84
Reinforcing

44.3 Ton steel, #7 to #11 2347.9 0 0 2347.9

Total $1697785.27  $292084.14 $11024.20 $2000893.61

Table 15: Redesigned Structural Costs

The construction timeline of the two different systems were broken down. The actual
scheduled for the existing system is shown in figure 33. A schedule was developed
approximating the timeline for the proposed redesign and can be found in figure 34. Again, only
the structural portions of the schedule were considered for this comparison.
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. ______________________________________________________________________________________________________________________ |
Conclusions

Structural Depth

After much analysis, the redesign of Tower ‘B’ appears to be a success. By using the Infinity
Structural System, the building self-weight was reduced by 40%. This in turn led to a seismic
base shear reduction of 38%. The main goal of the proposal was achieved.

During the redesigned of Tower ‘B’ to become a lighter building, it was necessary to reassign
interior partition walls as load bearing. This may be considered unappealing by the owner,
should they wish to alter the layout of the apartment units throughout the life of the building.
In addition to reassigning walls, steel columns were required in once open areas on the ground
level to transfer the gravity loads to the foundation.

Should the building owner never have a need to alter the layout of apartments or find the
columns troublesome on the ground level, the Infinity Structural System makes a very viable
alternative to this mid-rise apartment building.

Sustainability Breadth

A breath study was performed to investigate the options for making Tower ‘B’ more
sustainable. It is not always easy to alleviate the environmental and economical stress that a
building of this nature can cause. A rainwater collection system was discussed to uncover what
benefits it can have when incorporated in a setting such as this apartment building. Also, the
benefits of an extensive green roof were discussed.

Construction Management Breadth

By studying the cost and construction schedule of both the existing and redesigned structures a
comparison can be made as to which structure might better suit the owner. Both the cost and
construction timeline were done only on the structure component of the building.

The existing structure took a total of 192 days to build. The redesigned structure took a total of
156 days to build. The proposed structural system could have provided the owner a 36-day
lead. The cost comparison on the other hand, did not turn out for the benefit of the owner.
According to the costs analysis, the Infinity Structural System is more expensive by $313,455.39.
Viewing the project as a whole, the increased cost of the structural system may seem but a
small price to pay. The redesign may costs more, but it can be completed faster than the
original. This shows that the proposed redesigned can still be considered feasible.
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Appendix A - Snow Load
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Appendix B — Existing Dead Loads
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Appendix C—Wind Calculations
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Appendix D — Existing Seismic Calculations
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Appendix E — Floor System Calculations
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Gravity Column Design Summary

RAM Steel
v14.00.03.00

DataBase: Tower B redo

Building Code: IBC

Steel Code: AISC360-05 ASD

03/31/10 16:12:03
Column Line 14-D.2

Level Pu
Ground Flo 96.3
Column Line 14-D.5
Level Pu
Ground Flo 94
Column Line 16-Q.1
Level Pu
Ground Flo 91.6
Column Line 17-D.4
Level Pu
Ground Flo 63.5
Column Line 18-Q.1
Level Pu
Ground Flo 63.9
Column Line 19-D.4
Level Pu
Ground Flo 91.6
Column Line 20-).4
Level Pu

First 102.5
Ground Flo 143.4
Column Line 21-Q.0
Level Pu
Ground Flo 94
Column Line 21-Q.3
Level Pu
Ground Flo 97.2
Column Line 24-).4
Level Pu

Ground Flo 1333
Column Line 27-).4
Level Pu
Ground Flo 183.7

Muy

Muy

Muy

Muy

Muy

Muy

Muy

Muy

Muy

Muy

Muy

16

6.3

39.4

6.3

11.9
2.2

321

16.9

73.6

LC

LC

LC

LC

LC

LC

LC

LC

LC

Interaction Angle
6 0.90 Eq (H1

Interaction Angle
6 0.25 Eq (H1

Interaction Angle
1 0.63 Eq (H1

Interaction Angle
1 0.53 Eq (H1

Interaction Angle
1 0.53 Eq (H1

Interaction Angle
1 0.63 Eq (H1

Interaction Angle
10 0.77 Eq (H1
10 0.79 Eq (H1

Interaction Angle
10 0.26 Eq (H1

Interaction Angle
10 0.89 Eq (H1

Interaction Angle
10 0.92 Eq (H1

Interaction Angle
6 0.64 Eq (H1
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Appendix G — RAM Steel Sizes and 3D Representations
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Beam Summary

RAM Steel

v14.00.03.00

DataBase: Tower B redo
Building Code: IBC

Steel Code: AISC360-05 ASD
HitHHH T

STEEL BEAM DESIGN SUMMARY:
Floor Type: Roof

Bm # Length +Ma -Ma Mn Fy Beam Size Studs
ft kip-ft kip-ft kip-ft ksi
32 10 16.8 0 36.5 50 W38X1
29 14.33 34.5 0 72.5 50 W12X:
50 13.33 0.3 0 13.1 50 W8X1
42 13.33 0.3 0 13:1 50 W8X1
51 13.33 0.3 0 13.1 50 W8X1
43 13.33 0.3 0 131 50 W38X1
27 9.58 15.4 0 36.5 50 W38X1
25 12.75 27.3 0 52:1 50 W10X:
17 6.92 12.2 0 36.5 50 W8X1
26 8.75 13 0 36.5 50 W8X1
40 14 0.3 0 12.2 50 W8X1
31 9.83 12.9 0 36.5 50 W8X1
16 6.92 6.4 0 36.5 50 W38X1
7 17.5 443 0 83.8 50 W12X:
44 14 0.3 0 12.2 50 W8X1
2 6.92 6.3 0 36.5 50 W8X1
19 6.83 6.7 0 36.5 50 W8X1
22 17.5 443 0 83.8 50 W12X:
20 6.83 7.2 0 36.5 50 Ws8X1
10 9.67 12.4 0 36.5 50 W8X1
11 8.75 13.1 0 36.5 50 W8X1
5 6.83 7.4 0 36.5 50 W8X1
13 12.71 27.1 0 52.1 50 W10X:
6 6.83 7.8 0 36.5 50 W38X1
35 9.58 15.4 0 36.5 50 Ws8X1
39 13.33 0.3 0 13:1 50 W8X1
36 13.33 0.3 0 13.1 50 W8X1
38 13 0.3 0 13.6 50 W8X1
37 13 0.3 0 13.6 50 W8X1
24 10.1 17.1 0 36.5 50 W8X1
33 10 16.8 0 36.5 50 Ws8X1
Floor Type: Typical
Bm # Length +Ma -Ma Mn Fy Beam Size Studs
ft kip-ft kip-ft kip-ft ksi
32 10 19.4 0 36.5 50 W38X1
29 14.33 39.9 0 72.5 50 W12X:
50 13.33 0.3 0 13.1 50 Ws8X1
42 13.33 0.3 0 131 50 W8X1
51 13.33 0.3 0 13.1 50 W8X1
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43 13.33 0.3 0 131 50 W8X1
27 9.58 17.8 0 36.5 50 W38X1
25 12.75 31.6 0 72.5 50 W12X:
17 6.92 14.1 0 36.5 50 W38X1
26 8.75 15 0 36.5 50 W38X1
40 14 0.3 0 122 50 W8X1
31 9.83 149 0 36.5 50 W8X1
16 6.92 7.4 0 36.5 50 W38X1

7 175 51.3 0 102.9 50 W12X:
44 14 0.3 0 12.2 50 W8X1

2 6.92 7.3 0 36.5 50 W8X1
19 6.83 7.8 0 36.5 50 W8X1
22 175 513 0 102.9 50 W12X:
20 6.83 8.3 0 36.5 50 W38X1
10 9.67 14.4 0 36.5 50 W38X1
11 8.75 15:2 0 36.5 50 W8X1

5 6.83 8.5 0 36.5 50 W8X1
13 12.71 314 0 72.5 50 W12X:

6 6.83 9 0 36.5 50 W38X1
35 9.58 17.8 0 36.5 50 W38X1
39 13.33 0.3 0 13.1 50 W38X1
36 13.33 0.3 0 131 50 W8X1
38 13 0.3 0 13.6 50 W8X1
37 13 0.3 0 13.6 50 W8X1
24 10.1 19.8 0 36.5 50 W38X1
33 10 194 0 36.5 50 W38X1

Floor Type: First
Bm # Length +Ma -Ma Mn Fy Beam Size Studs
ft kip-ft kip-ft kip-ft ksi

32 10 194 0 36.5 50 W38X1
29 14.33 39.9 0 72.5 50 W12X:
42 13.33 0.3 0 131 50 W8X1
43 13.33 0.3 0 13.1 50 W8X1
41 13.33 0.3 0 131 50 W8X1
44 13.33 0.3 0 13.1 50 W8X1
27 9.58 17.8 0 36.5 50 W38X1
25 12.75 31.6 0 72.5 50 W12X:
17 6.92 14.1 0 36.5 50 W38X1
26 8.75 15 0 36.5 50 W8X1
40 14 0.3 0 12:2 50 W8X1
31 9.83 14.9 0 36.5 50 W8X1
16 6.92 7.4 0 36.5 50 W38X1

7 175 51.3 0 102.9 50 W12X:
45 14 0.3 0 12.2 50 W38X1

2 6.92 7.3 0 36.5 50 W8X1
19 6.83 7.8 0 36.5 50 W8X1
22 17.5 51.3 0 102.9 50 W12X:
51 12.46 189.6 0 326.7 50 W18X:
50 12.71 197.4 0 3975 50 W21X:
20 6.83 8.3 0 36.5 50 W38X1
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10 9.67 14.4 0 36.5 50 W8X1
5 6.83 8.5 0 36.5 50 Ws8X1
13 12.71 314 0 72.5 50 W12X:
6 6.83 9 0 36.5 50 W8X1
35 9.58 17.8 0 36.5 50 W8X1
39 13.33 0.3 0 131 50 W38X1
36 13.33 0.3 0 131 50 Ws8X1
38 13 0.3 0 13.6 50 Ws8X1
37 13 0.3 0 13.6 50 W8X1
24 10.1 19.8 0 36.5 50 W8X1
33 10 19.4 0 36.5 50 W8X1
Floor Type: Ground
Bm # Length +Ma -Ma Mn Fy Beam Size Studs
ft kip-ft kip-ft kip-ft ksi
28 10 19.4 0 36.5 50 W8X1
1 8.25 103.4 0 184.2 50 W16X.
29 14.33 39.9 0 72.5 50 W12X:
40 13.33 0.3 0 131 50 W8x1
39 13.33 0.3 0 13i1 50 Ws8X1
27 9.58 17.8 0 36.5 50 W8X1
51 6.92 14.3 0 36.5 50 W8X1
25 12.75 31.6 0 72.5 50 W12X:
50 12.67 0 0 14.1 50 W8X1
17 6.92 14.5 0 36.5 50 W8Xx1
26 8.75 15 0 36.5 50 Ws8X1
41 10 0.3 0 20.2 50 W8X1
56 10.83 170 0 326.7 50 W18X:
55 8.83 110.7 0 225 50 W16X:
48 9.58 0 0 21.5 50 W38X1
32 9.83 15 0 36.5 50 Ws8X1
49 9.58 0 0 21.5 50 W8X1
16 6.92 11.4 0 36.5 50 W8X1
7 17.5 51.3 0 102.9 50 W12X:
42 4.5 0 0 36.5 50 W8X1
36 14 0.3 0 12.2 50 W8X1
21 12 187.9 0 326.7 50 W18X:
46 4.42 0 0 36.5 50 W8X1
2 6.92 11.2 0 36.5 50 W8X1
19 6.83 12 0 36.5 50 W8X1
8 12.08 190.5 0 326.7 50 W18X:
43 9.5 0 0 21.8 50 W8Xx1
44 9.5 0 0 21.8 50 Ws8X1
22 17.5 51.3 0 102.9 50 W12X:
47 10 0.3 0 20.2 50 W8X1
60 12.46 42.8 0 83.8 50 W12X: u
59 12.71 445 0 83.8 50 W12X:
20 6.83 12.8 0 36.5 50 W8x1
10 9.67 14.4 0 36.5 50 Ws8X1
57 9.08 116.6 0 225 50 W16X:
45 12.67 0 0 14.1 50 W8X1
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58 10.83 170 0 326.7 50 W18X:
54 12.46 250.5 0 442.2 50 W21X:
53 12.71 2241 0 442.2 50 W21X: u
5 6.83 131 0 36.5 50 W8Xx1
14 17.88 487.2 0 833.3 50 W24x
13 12.71 314 0 72.5 50 W12X:
6 6.83 14 0 36.5 50 W8Xx1
31 9.58 17.8 0 36.5 50 W8Xx1
34 13.33 0.3 0 131 50 W8X1
35 13 0.3 0 13.6 50 W8Xx1
24 10.1 19.8 0 36.5 50 W8X1
3 8.25 103.4 0 184.2 50 W16X:
23 10 19.4 0 36.5 50 W8Xx1

* after Size denotes beam failed stress/capacity criteria.
# after Size denotes beam failed deflection criteria.
u after Size denotes this size has been assigned by the User.
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Tower ‘B’
Wilmington, DE

Final Report

The Towers at Greenville place

Shawn Brandt
Structural Option
Dr. Richard Behr
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