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BUILDING STATISTICS

Location: 12505 Park Potomac Ave.
Size: 160,000 sq. ft. Office Space
14,000 sq. ft. Retail
213,000 sq. ft. Parking
No. of Stories: 7 Above Grade
2 Levels Below Grade Parking -
Delivery Method: Design-Bid-Build *
Construction: Oct 2007 - June 2009

STRUCTURAL SYSTEM

PROJECT TEAM

Development Team: Foulger-Pratt = Spread footings on soil with 3000-4000psf
Architect: DAVIS, CARTER, SCOTT bearing capacity

Civil Engineer: VIKA, Inc. » Post-Tensioned beams span building width
Structural: Cagley & Associates » 77 Thick post-tensioned slab

MEP: Allen & Shariff Corporation » Slab cantilevered over 12’ at both building
Landscape Architect: Studio 39 ends to provide seamless glass around

building corners
MECHANICAL SYSTEM

= Two Rooftop Air Handling Units supply
80,000 cubic feet of air per minute

= Rooftop cooling tower (484 GPM)

» (Carbon Monoxide detectors and exhaust
fans protect parking garage

LIGHTING/ELECTRICA

" " el

Power supplied by two utility transformers
Two 1600A bus duct risers

Each floor served by 250A Panelboards
Flourescent lamps used throughout office
Metal Halide fixtures in garage
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Executive Summary

The purpose of this report is to examine a possible alternative structural system for Park
Potomac Office Building “E.” This structure is a seven story, roughly 100 feet tall office
building located in Potomac, MD. The seven office levels are each roughly 25,000 square
feet and sit on top of two large levels of mostly underground parking. For this report,
the seismic base level was taken at the top of the parking levels and the wind load on
the parking levels was considered negligible.

The original structure was all cast in place post-tensioned concrete. Concrete columns
supported a thin floor and moment frames were utilized to resist the majority of the
lateral forces in both directions. This system was adequate and efficient; however, the
large self weight left room for improvement and cost savings through a redesign of the
system.

The office levels of the project were redesigned using composite beams, lightweight
concrete on metal deck, and steel supporting columns. Braced frames were used in both
directions to resist the lateral forces on the structure.

The steel beams resulted in a deeper floor depth than the original design, so the overall
height of the structure needed to be increased. This increase, as well as the change in
seismic weight, required the need for recalculation of lateral design forces. After
recalculation of the loads, it was determined that 0.9D + 1.6W was primarily the
controlling load case for the structure. Additionally, overall building torsion was found
to be negligible, overturning of the building was not critical (although there were several
areas of uplift at the base of the office levels at the braced frames), and all drift
limitations were satisfied.

After designing the new structure, the five large mat foundations used in the original
design were redesigned as a series of 17’ x 17’ foundations. This resulted in a 79% cost
reduction for foundations and schedule improvements as well.

An architectural study was completed, analyzing the location of the braced frames with
the existing floor layout. Also, the design of several connections was completed.

The cost and schedule impacts were compared for the two options and it was
determined that the steel structure will cost approximately $20.69 /SF versus the post-
tensioned structure, which cost $27.83 /SF. This resulted in savings of approximately
25% of the total structure’s cost, while the schedule showed duration reduction as well.
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Introduction

— —_—

Park Potomac Office Building “E” is located

prominently off [-270 at Seven Locks and
Montrose Roads. It is just one of several
planned office buildings that are part of an
“urban village” which mixes stunning town
homes, Class A office space, and a wide range

of amenities including dining and shopping.

Office Building “E” is a central part of the Park
Potomac Master Plan. Its central location, at
the end of Cadbury Avenue, makes it a focal

point for this small community (Figure 1). It is

located in the main courtyard that will be a

retail gathering point as well. Figure 1: View from Cadbury Ave.

Material Strength Summary

Concrete:

Footings 3000 psi
Foundation Walls 4000 psi
Columns Varies

Slab-on-Grade 3500 psi
Reinforced Slabs & Beams 5000 psi
Parking Structure 5000 psi
P.T. Concrete 5000 psi

Structural Steel:
Wide Flanges & Tees ASTM A992, Fy = 50 ksi
Square/Rectangular Hollow Shapes ASTM A500, Grade B, Fy = 46 ksi

Masonry:
Compressive Strength 1500 psi

81139
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Codes & Design Standards

Original Design:
a. “The International Building Code — 2003”, International Code Council

b. “Minimum Design Loads for Buildings and Other Structures” (ASCE7-02),
American Society of Civil Engineers

c. “Building Code Requirements for Structural Concrete, ACE 318-02", American
Concrete Institute

d. “ACI Manual of Concrete Practice- Parts 1 Through 5”, American Concrete
Institute

e. “Manual of Standard Practice”, Concrete Reinforcing Steel Institute

f.  “Post Tensioning Manual”, Post Tensioning Institute

g. “Manual of Steel Construction- Allowable Stress Design”, Ninth Edition, 1989,
American Institute of Steel Construction (Including specifications for structural

steel buildings, specifications for structural joints using ASTM A325 of A490 bolts
and AISC Code of Standard Practice)

Substituted for thesis analysis:
a. “The International Building Code — 2006”, International Code Council

b. “Minimum Design Loads for Buildings and Other Structures” (ASCE7-05),
American Society of Civil Engineers

c. “Building Code Requirements for Structural Concrete, AClI 318-08"”, American
Concrete Institute
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Existing Structural System

Foundations:

Park Potomac Office Building “E” consists of a seven story office building (Approx. 100’
high) that sits above two levels of underground parking. The parking structure levels
have a footprint of over 103,000 sq. ft. This is much larger than the office structure,
which has a footprint of just more than 25,000 sq. ft.

This relationship also has a large impact on the design of the foundations. The net
allowable bearing pressures for the site are 4000 psf for undisturbed soil and 3,000 psf
for foundations placed on compacted structural fill. Over 150 spread footings are used
throughout the project (Figure 2). All footings are 3000 psi concrete, and foundation
walls are 4000 psi concrete. Spread footings, mostly ranging from 10’ x 10’ to 12’ x 12/,
are used beneath the two levels of parking with no office building above. The majority
of these footings are between 28” and 34” deep.

Larger mat footings are used in the center of the project, taking load from the two
parking levels and also from the office building above. These larger foundations are up
to 52’ x 64’ in size and can be up to 62" deep.
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Figure 2: Foundation Plan

10139



Kyle Wagner Park Potomac Office Building “E”

Structural Option Potomac, MD
Consultant: Professor Parfitt 05/07/2010
Thesis Final Report

Floor System:

The slab on grade at the P2 Parking Level is a 5” thick, 3500 psi concrete slab. It is
reinforced with 6x6 — W2.0 x W2.0 welded wire fabric. All other slabs contain 5000 psi
concrete. Two-way flat slabs are used at the P1 Parking level and the Plaza/First Floor
Level as well. The slab is 8” thick at the P1 Level and 12” thick at the Plaza/First Floor
Level. These slabs are reinforced as needed to resist negative moments at the columns
and positive moments at midspan. Post-tensioning is not used on the parking levels.
Tying a post-tensioned slab into foundation walls or other fixed structure does not allow
the post-tensioned slab to shrink when stressed. This would result in cracking of the slab
if post-tensioning was used below grade. Using this method for the parking garage
would also lead to difficulty in stressing the tendons as well. The designers of Office
Building “E” used mild reinforcing below grade, and post-tensioning for the slabs above
grade.

Above the Plaza Level, Office Building “E” has seven levels of office floors. These floors
are 7” thick post-tensioned slabs. The post-tensioning cables induce forces in the slab
ranging from 12.5 k/ft up to 35 k/ft. The post-tensioning system uses grouped tendons
in the 20” beams in the E-W direction, and a one way slab with uniform tendon layout in
the N-S direction. This design allows for ease of construction when laying out the
tendons. The post-tensioned slab also allows for cantilevers that exist at the North and
South ends of the structure. The load from a 12’ cantilever on each end is taken by the
uniformly spaced tendons that run through the slab.

Post-tensioning is crucial to achieving several main goals on this project. The first main
goal is that it allows for large spans in the floor layout. The design of this project
requires that columns be placed around the exterior walls of the building and the
interior core as well. This requires the beams and slab to span long distances over the
floor. Post-tensioning achieves these span requirements while maintaining a slab
thickness of just seven inches. Deflection over these spans is controlled effectively,
while cracking is reduced as well.

Several steel shapes are utilized on the second floor slab to frame out the canopies
above the East and West building entrances. This framing consists of TS5x2 shapes that
are welded to %” plates and hung from the bottom of the slab by L4x4 angles. Steel
shapes (W8x10) are also utilized as elevator rail supports throughout all floors.

11)139
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Gravity System:
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Figure 3: Typical Framing Plan

The majority of the columns in the two levels of parking are 18” x 36” columns
reinforced with 10 #9 bars. These columns are typically spaced between 15’ and 30’
apart. Columns supporting only the two parking levels consist of 4000 psi concrete,
while 6000 psi concrete is utilized where load from the office building portion above is
carried. Columns in the parking levels utilize drop panels to spread the load and resist
punching shear.

In the office portion of the project, a relatively repetitive column layout is achieved.
Excluding the central building core, 32 columns are used to transfer the load down
through all seven levels. Long span post-tensioned beams are used to transfer load from
the floor to the columns. At typically 20” x 72” in size, these shallow, wide beams span
in the E-W direction and continue the entire building width. In order to minimize the
amount of columns in the tenant spaces and promote flexible space planning, large
spans up to nearly 45’ exist on each floor.
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Columns on the office levels are 24” x 24” at every level, and the concrete strength is
varied throughout the levels to support an increased load as required. The plaza level
through the fourth floor uses 5000 psi concrete, while 4000 psi concrete is used above
the fourth floor.

Lateral System:

Park Potomac Office Building “E” uses concrete moment frames, as well as shear walls
to resist lateral forces. In the E-W direction, the wide post-tensioned beams on each
floor create a series of parallel frames that run up through all seven floors. These frames
resist any lateral forces on the building in the parallel direction.

Similarly, forces in the N-S direction are resisted by concrete moment frames as well as
by four shear walls. The concrete columns and the 7” slab, which is post-tensioned in
the N-S direction, combine to create a frame that resists lateral forces in this direction
as well.

Roof System:

The main roof system consists of a 7” to 8” structural slab. This slab varies in order to
create the required roof slopes throughout. The roof contains a Penthouse/Mechanical
space, as well as an elevator machine room. The penthouse roof is an 8” two way flat
plate system, while the elevator machine room utilizes a 12” thick slab.

TS8x8 posts and TS 6x6 supports are used to frame a 16’ tall screen-wall on the roof
level to isolate the mechanical spaces from view.

The penthouse spaces will be largely neglected in the redesign and analysis of the
structure.

13139
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Problem Statement

The post-tensioned concrete structure used for Office Building “E” has proved sufficient
to resist the required lateral and gravity loads for the structure. The shallow post-
tensioned slab allows for long spans and minimizes the need for columns in the rentable
spaces on all floors. However, the large building self weight creates a need for large mat
foundations that have a negative impact on the cost and schedule aspects of the job.

Proposed Solution

In Technical Report #2, several alternative floor systems were explored as possible
options for use in the structure. The main emphasis of this study was to maintain the
current column layout to maximize the unobstructed rentable area. This study showed
that using a composite steel floor system could provide a viable alternative to the
current system. Use of lightweight concrete was also considered as a possibility.

Using a steel structure for the office levels rather than a post-tensioned structure had
several major impacts resulting from the reduced building self weight. The large mat
foundations currently used beneath the office building were reduced in size, which had
significant cost and schedule impacts on the project. Additionally, the building’s gravity
system was not required to carry as much load, which resulted in cost savings due to a
reduction in member sizes. The parking levels remained the same in the structural
redesign.

The redesign of the structural system also required a redesign of the existing concrete
moment frame lateral resisting system. Braced frames were used to resist lateral loads
for the new lateral system. Lateral forces were recalculated and reconsidered for wind
and seismic forces, taking into account changes in both the height and seismic weight of
the structure.

There were a few negative aspects to changing the design as well, which were explored
in detail. The first of which is the increased floor depth due to the steel members. This
required consideration of mechanical spaces and resulted in increasing the overall
building height. Additionally, fireproofing of beams and columns will need to be
completed in the new structure, resulting in some additional costs.

e Adetailed study was also performed to compare the new structure with the
original design. All of this will be discussed in more detail in this report.

14139
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Gravity Loads

Floor live loads were determined using ASCE 7-05. These loads were then compared to
the design loads used in the original design. The design loads were largely the same as
those from ASCE 7-05. A few of the loads used exceeded the required loadings from
ASCE 7-05. These loads can be found below.

Table 1: Floor Live Loads
Area Design Load (psf) ASCE 7-05 Load (psf)
Assembly Areas 100 100
Corridors 100 100
Corridors Above First Floor 80 80
Lobbies 100 100
Marquees & Canopies 75 75
Mechanical Rooms 150 125
Offices 80 + 20 psf Partitions 50 + 20 psf Partitions
Parking Garages 50 40
Plaza, Top Floor Parking Fire Truck Load or 250 psf 250
Retail- First Floor 100 100
Stairs and Exitways 100 100
Storage (Light) 125 125

The following superimposed dead loads were also considered in the design of the
structure.

Table 2: Superimposed Dead Loads

Area Design Load (psf)
Floors 5
Roof 10

These gravity loads used in the redesign were the same as the original loads used.

15139
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A flat roof snow load was calculated for this report as well. Beginning with a 30 psf
ground snow load for Montgomery County, a flat roof snow load of 21 psf was
calculated using the variables shown below from ASCE 7-05. This snow load of 21 psf
was identical to the design snow load used by the structural engineer. Snow drift loads
will occur on the roof level around the screen walls; however, this drift loading was not
examined in this report.

Table 3: Flat Roof Snow Load
Ground Snow Load Pe=| 30| psf
Snow Exposure Factor C=| 1.0
(Terrain Category B)
Thermal Factor C=| 1.0
Importance Factor I=| 1.0
Flat Roof Snow Load ps | 21 | psf

16139
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RAM Model

Figure 4: RAM Structural System Model

RAM Structural System was used to perform the gravity load calculations for the beams
and columns of the structure. A 5-1/2” thick slab was used with lightweight (115 pcf)
concrete and 2” Lok-floor decking. This provided the adequate two hour fire barrier
between floors. The beam spacing was chosen to maintain a 10’ maximum deck span
over the floor, which was adequate for unshored criteria for 18 gage deck spans (United
Steel Deck Catalog). This was done in an effort to minimize the number of beams
required to carry the load. Composite beams were utilized in the design as well.

The slab cantilever condition, which can be seen in the model above, had to be
considered in a unique way using RAM. “Dummy” concrete columns with approximately
zero size and stiffness were added at the end of each cantilever beam. The beams at

each end were moment connected to the interior column, which was created as a
lateral element. The lateral elements can be seen above in red, whereas the gravity only

elements are shown in blue.

The cantilevered ends will be considered in more detail later in this report.
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Figure S: Typical Redesign Framing Plan

Gravity design for the structure was completed using the RAM Model described in the
previous section. Beam cambers and the number of studs required were not shown for

clarity.

Gravity columns were also designed using RAM. The columns that are a part of the
braced frames, as well as the columns at the cantilevered ends (Grids B and ) were
designed separately and are available in the later sections of the report. All column
designs were determined using a splice at every other story (two story high columns),
for ease of construction.

All hand calculations and spot checks for beams and columns are shown in Appendix A.
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Cantilevered Ends

The original structure had one feature that was especially desired by the owner of the
project. A 12’ cantilever was utilized on the North and South ends of the structure. This
allowed the column line along that edge to be set back in order to create the sense of
unobstructed glass along the outside wall, and especially around the corners of the
structure. This situation can be seen in the photo below:

Figure 6: View of South-West Corner

In the original design, the cantilever was achieved by the post-tensioning in the slab, as
well as by running #4 reinforcing bars at 12” at the top of the slab.

This cantilever was also considered in the redesign. Using steel beams which cantilever
out to transfer the load back to the columns through moment connections, the
cantilever was successfully designed for the steel structure. Moment connections were
utilized at both beams attaching to both sides of the columns to balance the moment.
Column splices would need to be capable of carrying moment down the column line as
well.
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The weight of the cantilever at each end was supported by four beams; one beam along
each edge of the structure, one beam on column line two, and one along column line
three. After analyzing the tributary areas of each beam, it is clear that the interior
beams will be critical. The beam along grid three (shown below) was the beam analyzed
below. This design was applied to all of the cantilever beam situations.
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After finding the loads on the beam and designing it accordingly, taking into account the
composite action in the slab, it was determined that using a W18x55 would be adequate
for the cantilever beam situations.

W18x55

Moment connections were used on both sides of each
WigS column. The outside connection carried the load due to
the cantilever slab. A moment connection was used on
the inside of the columns as well, to help balance the
moment at the column induced by the cantilever load.
The cantilever side induced a moment of 575 ft-k, while

W14x48

W14x109

W18x55

W14x109

i N the interior span induced only 376 ft-k. This was the
3 maximum that was possible on the interior span due to
* e the existing column layout.

W14x176

Taking these moments into account, as well as the
gravity load in the column, the columns on grids B and |
were designed. The final design is shown at left.

W14x257

W18x55

All calculations are available in Appendix A.

W14x257
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Floor Depth Comparison

One main advantage of the original system over the steel redesign is the very shallow
floor depth of the original post-tensioned system. The 20” total depth is shown below:

Figure 7: Original Floor Depth

After the redesign of the gravity loads on the floor system, it is evident that the deepest
beam (W27x84) occurs at the 45 feet span shown below:

T\ |

il
&

Y, -

Figure 8: Redesign Floor Depth

It is clear that the new floor system increases the floor depth by approximately 12” per
floor. It was important for this analysis to maintain the ceiling height in order to
maintain the value of the rental spaces. It was also critical to keep the same amount of
space for MEP. This left the option to increase the overall height of the structure by
about one foot per floor in order to maintain these spaces. The overall height was
increased by seven feet, and the new lateral forces were calculated accordingly below.
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Wind Loads

Method two, detailed in Chapter 6 of ASCE 7-05, was used to determine the wind
loading for the structure. Wind loadings in the N-S and the E-W directions were both
analyzed. Detailed calculations can be found in Appendix B of this report. The analysis
revealed the uniform pressures that occurred due to wind, which allowed the base
shears and overturning moments to be determined as well.

Wind analysis for the E-W direction can be seen below. Roof uplift forces were not
considered for the lateral analysis. Unfactored wind forces and loading diagrams used
for the redesigned structure can be found below:

Table 4: E-W Design Pressures
Level Height (ft Design Design Total Force of Story
above Pressure | Pressure | Pressure Total Shear
Plaza) Windward | Leeward (psf) Pressure | Total (k)
(psf) (psf) (k)
Plaza Level 0 6.83 -7.41 14.24 28.69 423.35
9 6.83 -7.41 14.24
2nd Floor 18 7.37 -7.41 14.78 50.44 394.66
24.25 8.04 -7.41 15.45
3rd Floor 30.5 8.59 -7.41 16.00 44.76 344.22
36.75 9.07 -7.41 16.48
4th Floor 43 9.49 -7.41 16.90 47.27 299.46
49.25 9.87 -7.41 17.28
5th Floor 55.5 10.21 -7.41 17.62 49.29 252.19
61.75 10.53 -7.41 17.94
6th Floor 68 10.83 -7.41 18.24 51.01 202.90
74.25 11.10 -7.41 18.52
7th Floor 80.5 11.36 -7.41 18.78 53.57 151.88
87 11.62 -7.41 19.03
Main Roof 93.5 11.86 -7.41 19.27 28.03 98.32
Penthouse 109.5 12.37 -7.26 19.63 70.28 70.28
I Base Shear 423 | K
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Figure 9: East — West Design Pressures
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Analysis results for the N-S wind direction can be found below. It was assumed that the
minimal wind exposure on the below grade parking levels was negligible for this
analysis. Unfactored results and loading diagrams can be found below for the N-S wind
direction:

Table 5: N-S Design Pressures
Level Height (ft Design Design Total Force of Story
above Pressure Pressure | Pressure Total Shear
Plaza) | Windward | Leeward (psf) Pressure | Total (k)
(psf) (psf) (k)
Plaza Level 0 6.83 -5.19 12.02 13.79 210.28
9 6.83 -5.19 12.02
2nd Floor 18 7.37 -5.19 12.56 24.42 196.49
24.25 8.04 -5.19 13.23
3rd Floor 30.5 8.59 -5.19 13.78 21.96 172.07
36.75 9.07 -5.19 14.26
4th Floor 43 9.49 -5.19 14.68 23.39 150.11
49.25 9.87 -5.19 15.06
5th Floor 55.5 10.21 -5.19 15.40 24.54 126.72
61.75 10.53 -5.19 15.72
6th Floor 68 10.83 -5.19 16.02 25.52 102.17
74.25 11.10 -5.19 16.29
7th Floor 80.5 11.36 -5.19 16.55 26.91 76.65
87 11.62 -5.19 16.81
Main Roof 93.5 11.86 -5.19 17.05 14.13 49.74
Penthouse 109.5 12.37 -5.08 17.46 35.61 35.61
Base Shear 210 | K
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Figure 10: North — South Wind Pressures

The additional height increase for the structure has slightly increased the wind loading
of the structure. This was anticipated and is reflected in the analysis. The original
structure’s base shear due to wind was 207K in the N-S direction and 416K in the E-W

direction. This is slightly less than the redesign forces of 210K in the N-S direction and
423K in the E-W direction.

It is also logical that the base shear in the N-S direction would be approximately two
times the base shear in the E-W direction due to the fact that the surface area is
approximately twice as large.
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Seismic Loads

The layout of the parking levels and the surrounding ground created unique seismic
considerations for Office Building “E.” The two levels of underground parking were
mostly below grade, except on the North side of the structure. This scenario can be seen
below.

Figure 11: View from North

Although it is evident that the parking levels are partially exposed on the North side, it
was assumed for this analysis that the seismic base level will be at the plaza level (above
the below grade parking levels) for the structure. This is due to the fact that the parking
levels are largely below grade and will act as being mostly fixed. This assumption was
confirmed by results obtained in Technical Report #1. For this report, only the office
levels will be considered for seismic in both directions.

The seismic analysis in this report was completed using Chapters 11 and 12 from ASCE 7-
05. The equivalent lateral force procedure was determined to be valid for this analysis.
Detailed calculations, including updated building self weights and other variables, are
available in Appendix C. The main variables used in the analysis are shown below.

26139



Kyle Wagner Park Potomac Office Building “E”

Structural Option Potomac, MD
Consultant: Professor Parfitt 05/07/2010
Thesis Final Report
Table 6: Seismic Design Variables

ASCE Reference
Soil Classification D Table 20.3-1
Occupancy Il Table 1-1
Importance Factor 1.0 Table 11.5-1
Structural System Steel System Table 12.2-1
Spectral Response Acceleration, Short Ss | 0.156 USGS Website
Spectral Response Acceleration, 1 s S; | 0.051 USGS Website
Site Coefficient Fa | 1.6 Table 11.4-1
Site Coefficient Fv | 2.4 Table 11.4-2
MCE Spectral Response Acceleration, Short Sms | 0.2496 Eq. 11.4-1
MCE Spectral Response Acceleration, 1 s Sm1 | 0.1224 Eq. 11.4-2
Design Spectral Acceleration, Short Sps | 0.166 Eqg. 11.4-3
Design Spectral Acceleration, 1 s Sp1 | 0.081 Eq. 11.4-4
Seismic Design Category Soc | B Table 11.6-2
Response Modification Coefficient R |3 Table 12.2-1
Approximate Period Parameter G | 0.02 Table 12.8-2
Building Height (E-W) ha | 100.5'
Structure Period Exponent k | 1.58
Approximate Period Parameter x | 0.75 Table 12.8-2
Fundamental Period (E-W) T | 1.6055 s Eq. 12.8-7
Fundamental Period (N-S) T | 1.6672 s Eq. 12.8-7
Long Period Transition Period T. | 8.0s Fig. 22-15
Seismic Response Coefficient Cs | 0.025 Eqg. 12.8-2

After calculation of the overall building self weight (See Appendix C), base shears were
calculated in order to calculate the forces on the structure. The base shears are shown
below in Table 7. The base shears obtained were similar in magnitude to the value of
300K calculated by the design engineer. The values calculated in this report will be used
for further analysis.
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Table 7: Base Shears
Effective Seismic Seismic Response Base
Weight Coefficient Shear (K)
N-S W = 8895 K G, = 0.0250 222
E-W W = 8895 K Cs = 0.0250 222

After the calculation of the base shear values for each direction, the forces can be
distributed throughout the building to determine forces at each level and story shear
values. The values below are all unfactored.

Table 8: Seismic Calculations
Level ?fory H:;Sh' Forces Story Moments
Weight (K) (F) (K) Fx Shear Vx | (ft-k) Mx

Penthouse 211.8 116.5 6 0 721
Main Roof 423.6 100.5 15 6 1472
7th Floor 1270.7 86.5 66 21 5673
6th Floor 1270.7 73.0 50 86 3661
5th Floor 1270.7 59.5 36 137 2160
4th Floor 1270.7 46.0 24 173 1112
3rd Floor 1270.7 32.5 14 197 454
2nd Floor 1906.1 19.0 11 211 216
Plaza /First Floor 0.0 0.0 0 222 0
Total: 8895 222 15469
2 wihk 312756036
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Figure 13: North- South Seismic Forces
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Load Path

In the original post-tensioned design, concrete moment frames were used to resist
lateral forces in both directions. Essentially, the entire building took part in resisting
lateral loads. In the redesign of the structure, braced frames were used to resist lateral
forces. In the N-S direction, four braces were used, while only two braced frames were
used to resist even larger loads in the E-W direction. This had to be taken into account
when designing the braces, which will be detailed later in this report.

In both directions, the floor diaphragm transfers lateral forces to the braced frames at
each level. The braced frame columns transfer these loads down the building through
shear and axial column forces. This process continues throughout the building and down
to the foundations, where the forces are transferred to the soil.

A basic plan of the redesigned lateral system is shown below in the figure. The braced
frames for both directions are shown in red and numbered accordingly.

\ ; 2
=y L
| 3 o

Figure 14: Lateral System Components
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Load Combinations

Per ASCE 7-05 Section 2.3.2, seven load combinations must be considered when dealing
with strength design. They are outlined below:

1.4(D + F)
1.2(D+F+T)+1.6(L+H)+0.5(LrorSorR)
1.2D + 1.6(Lror SorR) + (L or 0.8W)
1.2D+1.6W + L+ 0.5(Lr or Sor R)
1.2D+1.0E+L+0.2S

0.9D +1.6W + 1.6H

0.9D +1.0E + 1.6H

NouswN e

The following four wind cases were also considered from ASCE7-05 Figure 6-9 shown
below. Case 1 proved to be the most critical case after analyzing all combinations.
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Figure 15: ASCE 7-05 Wind Cases

After analyzing the required load combinations using ETABS and checking the forces and
deflections in the different load combinations, it is apparent that for both the N-S and
the E-W directions, 0.9D + 1.6 W predominantly controls. This is expected due to the
relatively low seismic location. It is also expected that this combination would control
over load combination four, due to the fact that a smaller building weight would have
less resistance to wind forces, making it more critical.

31139



Kyle Wagner Park Potomac Office Building “E”
Structural Option Potomac, MD

Consultant: Professor Parfitt 05/07/2010

Thesis Final Report
ETABS Model

Figure 16: ETABS Lateral Model

A computer model of the structure was used to analyze the lateral system and the
forces acting on the structure. ETABS, a computer modeling program from Computers &
Structures, Inc. was used for the analysis. In this, only the lateral resisting elements
needed to be modeled to gain an accurate representation of a building’s performance
under lateral loading.

All six braced frames were modeled, along with rigid floor diaphragms. The building’s
self weight was calculated by hand and applied to the diaphragm as an additional area
mass. All load cases and combinations considered were manually added to the model.
This model provided useful information with regard to force distributions and building
drift that are used in the following section.
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Distribution of Lateral Forces

The lateral system design, as well as the overall building shape and floor plans are fairly
basic for this structure. The building is symmetrical in shape about its x and y axes. This
results in a center of mass located directly in the center of the structure. Similarly, the
lateral system is symmetrical as well, both in location and in stiffness of the frames. This
creates a center of rigidity located at the building’s center, at the same point as the
center of mass. These two centrally located points result in negligible eccentricities
caused by seismic and concentric wind forces, which eliminates overall building torsion
due to these loadings. Building torsion was considered only for the eccentrically loaded
wind cases, as well as the accidental moment caused by eccentric seismic forces.

Lateral loads were assumed to be distributed throughout the floor by way of a rigid floor
diaphragm, causing the deflections at each point in each level to be the same due to the
support of an infinitely rigid floor. This means that determining the relative stiffness of
each frame must be done using the stiffness of each frame, rather than by tributary
floor widths. The stiffer frames will resist more force than less stiff frames. This basic
theory was used to determine the relative stiffness of each frame in the N-S and E-W
directions.

In order to determine the relative stiffness of each frame, a 1000K load was applied to
the top building level in each direction. Section cuts were used in ETABS to determine
the shear forces in the columns at each frame. It was confirmed that the sum of all
shears at every level was equal to the story shear, or 1000K. This confirmed that all
resistive forces were accounted for on all levels. From these forces, the relative
stiffnesses were determined for each frame by examining the percentage of the total
1000K that the frame resisted. This basic method was completed in both directions. The
results can be found in the following tables:

Table 9: Resisting Forces (X/ N-S)
Level | Frame 1 | Frame 2 | Frame 3 Frame 4 Total Force (K)
1 250.0 250.0 250.0 250.0 -1000
2 250.0 250.0 250.0 250.0 -1000
3 250.0 250.0 250.0 250.0 -1000
4 250.0 250.0 250.0 250.0 -1000
5 250.0 250.0 250.0 250.0 -1000
6 250.0 250.0 250.0 250.0 -1000
7 250.0 250.0 250.0 250.0 -1000
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Table 10: Relative Stiffness (X/ N-S)
Level | Frame 1 Frame 2 Frame 3 Frame 4 Total Percent
1 25.0 25.0 25.0 25.0 100
2 25.0 25.0 25.0 25.0 100
3 25.0 25.0 25.0 25.0 100
4 25.0 25.0 25.0 25.0 100
5 25.0 25.0 25.0 25.0 100
6 25.0 25.0 25.0 25.0 100
7 25.0 25.0 25.0 25.0 100
Table 11: Resisting Forces (Y/ E-W)
Level Frame 5 Frame 6 Misc Columns | Total Force (K)
1 484.50 484.50 31.04 -1000
2 493.37 493.37 13.28 -1000
3 511.76 511.76 -23.48 -1000
4 485.25 485.25 29.50 -1000
5 513.46 513.46 -26.88 -1000
6 492.11 492.11 15.78 -1000
7 496.08 496.08 7.88 -1000
Table 12: Relative Stiffness (Y/ E-W)
Level Frame 5 Frame 6 Misc Columns | Total Percent
1 48.5 48.5 3.1 100
2 49.3 49.3 1.3 100
3 51.2 51.2 -2.3 100
4 48.5 48.5 3.0 100
5 51.3 51.3 -2.7 100
6 49.2 49.2 1.6 100
7 49.6 49.6 0.8 100

It is clear that for the N-S direction, each of the braced frames takes 25% of the total

load. In the E-W direction the two frames make up approximately 50% of the total load
at each floor. These results were quite predictable. These load distributions were then
used to determine the sizes of the braced frame braces in the next section.
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Braced Frame Design
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Figure 17: Typical N-S Braced Frame

After finding the relative stiffnesses of the frames, the critical load combination of 1.6W
was applied directly to the frames to find the critical axial forces in the braces. SAP was
used to perform this analysis. The axial forces due to this load are shown above, at left.
After the braces were sized, the axial forces in the columns were considered along with
the dead and live loads, to determine column sizes at the braces. These calculations are
shown in more detail in the appendix. The final design of the braces in the N-S direction
can be seen above, at right.
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direction, while there are four in the N-S direction.

Figure 18: Typical E-W Braced Frame
The same method was used to determine the forces in the E-W direction braces as well.
It is clear that the E-W direction braces will need to be much larger due to larger axial

forces in the members. This makes sense because there are only two braces in the E-W

When sizing the columns in the E-W direction, the actual sizes required ended up being
slightly smaller than the final design shows. This is due to the fact that the E-W braces
share columns with the N-S braces. Because of this, the larger N-S braced frame
columns became the final size for the E-W direction as well. This can be seen in

Appendix D. The final E-W direction design is show above.

36139



Kyle Wagner Park Potomac Office Building “E”
Structural Option Potomac, MD
Consultant: Professor Parfitt 05/07/2010

Thesis Final Report
Wind Drift

Wind forces were examined to determine if the overall building drift and the individual
story drifts were acceptable. In general, drift should be limited as much as possible;
however, a limit of 1/400" of the overall building height was used in this case. For this
overall structure, the drift is limited to:

Amax = (100.5’ X 12)/400 = 3.02”

After running the ETABS model for unfactored (serviceability consideration) wind forces
in both directions, the following results were obtained:

Table 13: Wind Drift (X/ N-S)

Level | Story Drift (in) | 1ol Drift
(in)
] 0.3718 0.3718
2 0.1853 0.5571
3 0.1935 0.7505
4 0.2033 0.9539
5 0.1667 1.1205
6 0.1905 1.3110
7 0.1936 1.5046

Table 14: Wind Drift (Y/ E-W)

Level | Story Drift (in) To'?ilnl))"ﬂ
1 0.2918 0.2918
2 0.3390 0.6308
3 0.3127 0.9435
4 0.3715 1.3150
5 0.3356 1.6506
6 0.3721 2.0227
7 0.3260 2.3486

It is clear that the E-W direction drift is larger than the N-S drift, which seems logical due
to the larger wind force in that direction, as well as a smaller building width. From the
data, it is clear that the maximum building drift in both directions is acceptable as it is
less than the allowable value of 3.02".
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The individual story drift was also considered and compared against the allowable
values shown in the table below:

Table 15: Allowable
Story Drift

Level Story Drift (in)

1 0.570

2 0.405

3 0.405

4 0.405

5 0.405

6 0.405

7 0.420

These values were calculated using L/400, where L is the individual story height. It is
clear when comparing with the actual drift values, that the overall building drift, as well
as the individual story drifts, are acceptable for wind.
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Seismic Drift

Seismic forces were examined to determine if the overall building drift was acceptable.
For this overall structure, based on ASCE7-05 Chapter 12, Table 12.12-1, the overall drift
is limited to:

Amax = 0.020 X (100.5’ X 12) = 24.12”

After running the ETABS model for factored (strength consideration) seismic forces in
both directions, the following results (including secondary effects) were obtained:

Table 16: Seismic Drift (X/ N-S)
Level | Story Drift (in) Total Drift (in)

1 0.2523 0.2523
2 0.1460 0.3983
3 0.1609 0.5591
4 0.1705 0.7296
5 0.1367 0.8663
6 0.1403 1.0066
7 0.1046 1.1113

Table 17: Seismic Drift (Y/ E-W)
Level | Story Drift (in) Total Drift (in)

1 0.1195 0.1195
2 0.1546 0.2741
3 0.1499 0.4240
4 0.1776 0.6016
5 0.1565 0.7580
6 0.1558 0.9139
7 0.1050 1.0188

These drift values were adjusted based equation 12.8-15 of ASCE 7-05:

_ Cybye

===

This resulted in respective amplified drifts of 3.34” and 3.06” for the N-S and E-W
directions. These amplified drifts were found using a Cq4 factor of 3 for steel systems not
specifically designed for seismic resistance and an importance factor of 1.0. It is clear
that these values will not exceed the allowable value for the structure.

By
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Torsion

Overall building torsion results from several scenarios. The largest and most common
case of building torsion results from a center of mass that differs in location from the
building’s center of rigidity. This creates a case where the loads are applied at an
eccentricity on the building. This eccentricity times the force results in a moment on the
overall building. Torsion also can result from the accidental eccentricity caused by
seismic forces as described in ASCE 7-05 Section 12.8.4.2. Additionally, Cases 2 and 4
from the previously considered wind cases can also result in an additional eccentricity
causing torsion. In both of these wind cases, the eccentricity is equal to 15% of the
building width.

As previously mentioned, due to this building’s symmetrical geometric shape, as well as
the symmetrical frame stiffnesses about the x and y axes, the center of mass and center
of rigidity are both at the same location. This creates no torsion from eccentricity. In
addition to this, it has been shown that seismic does not control and that Wind Case 1 is
the controlling wind case. Taking all of this into account, it is clear that the overall
torsion on the building due to these forces is negligible, resulting in negligible overall
building torsion.

Overturning

Overturning issues can have an impact on a variety of building components, probably
the most common of which is the building’s foundations. Overturning occurs when the
lateral forces on a building are not offset by the moment created by the building’s self
weight. This creates a scenario where uplift must be considered for the foundations.
Foundations must utilize friction from the soil and self weight and are used in tension,
rather than in compression.

Overturning moments can also have an effect on the columns in a building as well.
Overall building moments are transferred through axial forces in the columns. These
moments put some columns in compression, and others in tension. This is something
that must be taken into account as well.

The following overturning moments were determined from taking the critical factored
story shear from ETABS at each level and assuming that force acted at the floor level of
each story. The height and force were used to determine the moments, which were
summed to determine the overturning moment in that direction.
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Table 18: Seismic Overturning Moment (X/ N-S)

Overturning

Level | Height | Story Shear (K) Moment (ft - k)

1 19 222 4218

2 32.5 211 6858

3 46 197 9062

4 59.5 173 10294

5 73 137 10001

6 86.5 86 7439

7 100.5 21 2111
Total Moment: 49982

Table 19: Seismic Overturning Moment (Y/ E-W)

Overturning

Level | Height | Story Shear (K) Moment (ft - k)

1 19 222 4218

2 32.5 211 6858

3 46 197 9062

4 59.5 173 10294

5 73 137 10001

6 86.5 86 7439

7 100.5 21 2111
Total Moment: 49982

Potomac, MD
05/07/2010
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Table 20: Wind Overturning Moment (X / N-S)
. Overturning
Level | Height | Story Shear (K) Moment (ft - k)
1 19 336.4 6391
2 32.5 275.3 8946
3 46 240.1 11047
4 59.5 202.7 12061
5 73 163.4 11927
o) 86.5 122.6 10607
7 100.5 79.6 7998
Total Moment: 68977
Table 21: Wind Overturning Moment (Y/ E-W)
q Overturning
Level | Height | Story Shear (K) Moment (ft - k)
1 19 677.2 12866
2 32.5 550.7 17899
3 46 479.0 22034
4 59.5 403.1 23981
5 73 324.3 23677
6 86.5 242.8 21000
7 100.5 157.3 15804
Total Moment: 137262

After calculation of the moment resulting from the building’s self weight, it has been
determined that overall building overturning will not occur. This was the case despite
significantly reducing the building’s weight in the redesign. This expectation was
confirmed by the dead load moments of 895615 ft-k for the N-S direction and 510350 ft-
k for the E-W directions. These moment calculations can be seen in more detail in
Appendix D.

Although overall building overturning does not occur, there are several areas of the
structure that may experience uplift. Uplift will likely occur at the base of the columns of
the E-W direction braced frames. This tension force must be considered when designing
the connection at the base of the brace frame columns. This force is relatively small, and
is cancelled out by the gravity load of the parking levels. This prevents the uplift from
occurring in any of the structure’s foundations. See Appendix D for calculations.
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Summary of Lateral Analysis

After analyzing the lateral loads from wind and seismic forces using the computer model
which were confirmed by hand calculations, the following conclusions were determined:

e The primary controlling load case from ASCE7-05 was 0.9D + 1.6W.

e The controlling wind case was Wind Case 1.

e The center of mass and center of rigidity were both found to be at the geometric
center of the structure.

e Overall building torsion was negligible.

e Overall building drift and story drift were found to be well within limitations.

e Overturning moment was found to not cause building overturning. Uplift will
occur at the base of E-W frames, but not at any foundations.
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Foundation Redesign

Due to the large self-weight of the original structure, large foundations were required to
transfer the loads to the soil. In this analysis, five key mat foundations were redesigned
to accommodate the reduced loads from the steel structure. The original design is
shown below:

a a a a a a

19" x 54’ x 56’0 ‘———— ——————1 19’ x 54 x 56'D
28" x 65 x 62'D 52" x 64’ x 60°D 28 x 65 x 62'D

_—

Figure 19: Original Foundations

After recalculating the loads at the base of the structure, it was determined that a series
of 17" x 17’ (and 34” Deep U.N.O.) square footings would be adequate to carry the
required loading. Calculations are available in Appendix A. The redesign is available
below:

a o =} a o =}

32" DEEP 32" DEEP

a [u] [u] a o [u]

32" DEEP 32" DEEP

e

Figure 20: Redesign Foundations

All calculations are available in the appendix. The effects of this significant reduction in
foundation size are explained in the Cost/Schedule section of this report.
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Architecture Study

Using concrete moment frames in the original design of the structure was quite
advantageous with regards to space planning. Because the columns and beams were
heavily relied on to resist lateral forces, planning around shear walls and braced frames
was not required. This allowed for uninterrupted open space throughout the floor plan.

The modification of the gravity system to a steel system required consideration of the
new lateral system as well. It was determined after analyzing the bay size and floor plan
layout, that the use of braced frames in both directions would be the most beneficial
solution. This, however, created problems with maintaining the integrity of the tenant
spaces that were to be leased. Any intrusion into the open space would create a less
desirable and less profitable situation for the owner.

Because of this, the placement of the braced frames was a careful consideration when
designing the lateral system. Ordinarily, placement of braced frames at a large
eccentricity compared to the center of mass is desirable, as the frame would be more
beneficial in resisting overall torsion of the structure. In this case though, this was not a
factor due to the lack of torsion on the structure. Therefore, the placement of the
frames near the core was valid. Placing the frames near the core was preferable, and
allowed them to be placed inside of walls, where they would not intrude upon the
tenant spaces.

The locations of the braced frames are shown in red on the following diagram, detailing
how the frames interact with the usable spaces on the floor plan.
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Figure 21: Braced Frame Locations
It is clear when examining the existing floor layout, that the location of the braces will
have almost a negligible impact on the existing plan. The two braces running in the E-W
direction fall directly along the existing exterior wall of the egress stair. The four frames
in the N-S direction will have a slight impact on the placement of the existing doors.
While these frames do lie along a planned wall, the placement of the door in this wall
may have to be shifted to accommodate for the brace locations at that floor. This will
have to be considered; however, it is anticipated that these changes result in negligible
changes to the architectural floor plan for the structure.

As was mentioned in a previous section of this analysis, the floor depth for the steel
redesign was larger than the original floor depth. In order to maintain the same ceiling
height and MEP spaces, this change in floor depth will result in a change in the overall
height of the structure. As was shown previously, this change in building height will be
roughly seven feet. It will be shown later in this report that this height increase could
possibly be reduced beyond what has been shown previously. Regardless, it is clear that
some increase in overall height would likely occur. This would result in a need for more
square footage of building envelope, requiring slight architectural considerations as well
as cost considerations.

It is anticipated that, despite the increase in height, the same architectural goals could

be achieved with the structural envelope. The issue of cost would require consideration,
which is investigated in the cost and schedule analysis of this report.
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MAE Topic: Connection Design

A typical beam-to-girder shear tab connection was designed for the location shown
below. This was a typical scenario throughout the structure.
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An unstiffened seat connection was designed for the connection of a girder to a column
web. The location can be seen on the plan below. This would likely be a common
connection in this scenario throughout the structure.
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A base plate was designed for the location shown below. This base plate is located
under the corner of the braced frames (connecting to the parking levels), and is the
most critical of its type. This plate will also require anchorage design for uplift.
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All calculations and details for connections are shown in detail in Appendix E.
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Summary of Building Design

The redesign of the structure began with the idea of reducing the self-weight of the
structure, which effectively requires reduced sizes in the members required to carry the
gravity load. That includes mainly columns and foundations.

The gravity design began with choosing a slab thickness that was able to provide an
adequate two hour fire barrier without using additional fireproofing sprayed on the
decking, as that would not be cost efficient. Metal decking and slab thickness were
considered to resist the required gravity loads from ASCE 7-05. Beams were laid out to
maintain a ten-foot minimum span (in order to avoid the need for shoring), and
minimize the number of beams required.

After laying out the slab and beams, the gravity columns were considered. In an effort to
maintain a comparable structure to the original design, the same column grid was used
in the redesign. All gravity columns were designed.

The cantilevers at the North and South sides of the structure presented a unique design
challenge to the structure. Four beams were moment connected to columns and
cantilevered out 12 feet to carry the cantilever loads back to the column. Moment
connections were used on the interior of the columns as well, in order to balance most
of the moment from the cantilever. This effectively reduced the amount of moment that
the columns alone were required to carry.

The redesign of the structure also required the consideration of the lateral force
resisting system. In this case, a series of braced frames were used to resist the lateral
forces in both directions. The maximum design forces were considered in each column
and brace, along with the gravity loads in the columns. These forces were combined
using a variety of different load combinations. The members were then sized using the
critical case. After the sizing of all the members, all of the load combinations and wind
scenarios were analyzed on the structure, and overall building drifts were found to be
within the allowable limits.

After completing the redesign of the superstructure, the foundations were analyzed
with the reduced gravity loads. Because of the bracing due to the parking levels, it is
clear that the moment transferred down to the foundations is negligible. The loads from
the superstructure, in addition to the loads from the concrete parking levels were used
to design new foundations. Smaller, 17’ x 17’ square foundations were found to carry
the loads to the soil. These foundations took the place of the much larger mat
foundations that were required in the original design.
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Cost/ Schedule Analysis Study

A detailed cost estimate was completed for the original post-tensioned structure. All
rebar, formwork, tendons, shoring/reshoring, and concrete were considered in the
analysis.

The cost estimate for the redesign consisted of all beams, columns, fireproofing (applied
to all beams and columns), studs, metal decking, welded wire fabric, lightweight
concrete, and the cost of foundations. A 3% adjustment factor was used to account for
base plates, and a 10% adjustment factor was used to account for connections and
column splices, as specified by R.S. Means Unit Price Estimating Methods, 4™ Edition.

The cost savings values considered in this report were solely a factor of the material,
labor and equipment costs. Although the general conditions were calculated for this
report, the $82,000 per month general conditions cost was not taken into account in the
project savings. Although the structure most likely falls on the critical path, it was
assumed for this report that the end date of the project remained unchanged, despite
the shortened schedule for the structure alone.

Schedule durations are an important consideration for choosing an effective structural
system. The structure will likely require a large portion of the construction time for the
project, and needs to be considered accordingly. Summaries of these schedules are
shown in Appendix E of this report. The results showed that the steel structure could be
completed roughly 13 months faster than the original design. This makes sense due to
the quick erection of steel members, the reduced foundation sizes, and the time
required for concrete forming, reinforcing, and curing in the original design. While the
potential cost savings of this reduction were not considered, it is clear that additional
time built into the schedule would occur, at the very least.

Overall results of the cost and schedule analysis are available below:
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Table 22:

Original Structure

Mat'l Labor Equipment Total COST/SF
Foundations $272,327 $59,403 $250 $331,980 $1.90
Superstructure $2,532,939 $1,594,087 $48,370 $4,175,396 $23.86
Total Incl. Additional Costs $27.83
Steel Redesign
Mat'l Labor Equipment Total COST/SF
Foundations $54,082 $17,076 $1,874 $73,033 $0.42
Superstructure $2,669,627 $290,079 $114,563 $3,074,269 $17.57
Total Incl. Additional Costs $19.43

By analyzing the results in Table 22, it is clear that the proposed system will result in
significant cost savings over the original design. However, these numbers do not take
into account the increased building envelope costs due to the building height increase
that will be required. Assuming a building envelope cost of $50 per SF and a seven foot
increase in height, the cost increase would be $224,000 due to the extra envelope costs.

This would result in a steel cost increase of $1.26 per SF, resulting in a final steel cost of
around $20.69 per SF of floor area. This results in slightly more than a 25% cost

reduction for the overall structural system for the project.
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Conclusion

The 20” total floor depth of the original post-tensioned structure was one large
advantage of the original system. Changing to a steel system resulted in an increase of
the floor depth, which resulted in increasing the overall building height in order to
maintain the same ceiling heights as well as MEP spaces. In this analysis, a 27” deep
beam was taken to be the critical member, resulting in a new floor depth of 32.5”. This
increase in the height of the structure resulted in increased costs for the structure and
also for the building enclosure.

To go back and reanalyze the critical floor depth, it is obvious that further improvements
could take place. Only ten beams per level exceed 21” deep. It would be useful to
constrain these beam depths in order to decrease the overall floor depth. The deepest
of these beams (W27x84) could be changed to a W21x93. If this constraint was applied
to all ten beams, the floor depth would become only six inches deeper than the original
post-tensioned design, not 12” as used in the analysis. This would result in a building
height increase of only 3.5’ rather that seven feet; further reducing lateral loading and
the square footage of building enclosure required. These benefits would likely outweigh
the slightly higher cost of the shallower, heavier beams on each floor.

One last notion that could improve the overall design would be a closer look at the
cantilever situation at both ends of the structure. For this analysis, the cantilever
distance and the column grid were kept the same. In an ideal redesign, more thought
would have been put into planning the balancing moments at this location. Due to these
constraints, the cantilever side had a moment of 575 ft-k, while the interior connection
of each column only had a moment of 376 ft-k. This left an unbalanced moment of 199
ft-k at each floor. This left a significant moment for the columns to maintain, especially
at the lower levels of the structure, resulting in very large column sizes.

In an ideal redesign, the cantilever distance would be smaller to reduce the exterior
moment, or the interior span would be larger to increase the moment at the interior of
the column. More effective planning at balancing these moments could have resulted in
significantly lesser moments taken by the columns. This would have resulted in much
smaller column sizes at these locations and even further cost savings for the project.

Based on the analysis performed on the structure, it appears that the proposed redesign
will have the benefits that were initially expected. By changing to a steel composite
system, the self-weight of the structure is greatly reduced, and the member sizes can be
reduced due to the lesser loads. Large cost savings result, due to the material, labor, and
equipment costs associated with the structure. For this report, general conditions
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savings were not considered; however, further savings could potentially occur
depending upon the exact ramifications these changes would have on the schedule
duration. Overall, it appears that the proposed redesign could have been a viable and
beneficial alternative for this project.
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Appendix A: Gravity Design
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Gravity Checks
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Potomac, MD
05/07/2010

reswral Building Code: IBC

DataBase: RAM Model Steel

”‘ Gravity Beam Design
l RAM Steel v14.00.03.00

02/20/10 14:05:58

Steel Code: AISC360-05 LRFD

Floor Type: Gr

Beam Size (Optimum)
Total Beam Length (ft)

Beam Number = 286
SPAN INFORMATION (ft): I-End (68.08,-35.47)

COMPOSITE PROPERTIES (Not Shored):

Concrete thickness (in)
Unit weight concrete (pcf)
f'c (ksi)

Decking Orientation
Decking type

beff (in)

Mnf (kip-ft)
C (kips) =
leff (ind) =
Stud length (in)

]

Stud Capacity (kips) Qn = 17.2

# of studs: Max = 28
Number of Stud Rows = 1

LINE LOADS (k/ft):

= WI12X19
= 28.00
Left
3.50
115.00
3.00
perpendicular
CMC-USD
2.0LokFloor
84.00 Y bar(in)
254.13 Mn (kip-ft)
155.07 PNA (in)
470.72 Itr (in4)
4.00 Stud diam (in)

Rg = 1.00 Rp = 0.60

Partial = 18 Actual = 18

J-End (96.08,-35.47)

Fy = 50.0ksi

Right
3.50
115.00
3.00

perpendicular

CMC-USD
2.0LokFloor
14.00
206.42
11.89
586.62

0.75

Percent of Full Composite Action = 55.68

CLL
0.000
0.000
0:177
0.177
0.000
0.000

Load Dist DL CDL LL Red% Type
1 0.000 0.409 0.409 0.000 NonR
28.000 0.409 0.409 0.000
2 0.000 0.044 0.000 0.887 7.7% Red
28.000 0.044 0.000 0.887
3 0.000 0.019 0.019 0.000 --- NonR
28.000 0.019 0.019 0.000
SHEAR (Ultimate): Max Vu (1.2DL+1.6LL) = 26.27 kips 1.00Vn = 86.01 kips
MOMENTS (Ultimate):
Span Cond LoadCombo Mu @ Lb
kip-ft ft ft
Center PreCmp+  1.2DL+1.6LL 78.1 14.0 0.0
Init DL 1.4DL 58.7 14.0 ---
Max + 1.2DL+1.6LL 183.9 14.0 ---
Controlling 1.2DLEA16L1 183.9 14.0 ---
REACTIONS (kips):
Left Right
Initial reaction 8.47 8.47
DL reaction 6.61 6.61
Max +LL reaction 11.46 11.46
Max +total reaction (factored) 26.27 26.27

Phi Phi*Mn

kip-ft
0.90 92.62
0.90 185.77
0.90 185.77
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Gravity Beam Design

RAM Steel v14.00.03.00
DataBase: RAM Model Steel
rewora)  Building Code: IBC

Potomac, MD
05/07/2010

Page 2/2

02/20/10 14:05:58
Steel Code: AISC360-05 LRFD

DEFLECTIONS: (Camber =1-1/4)

Initial load (in) at 1400 ft = -1.570
Live load (in) at 14.00 ft = -0.829
Post Comp load (in) at 14.00 ft = -0.874
Net Total load (in) at 1400ft = -1.194

L/D
L/D

/D =

L/D

214
405
384
281
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RAM Steel v14.00.03.00
DataBase: Takeoff
Building Code: IBC

Gravity Column Design

Potomac, MD
05/07/2010

Page /7

03/17/10 18:29:32
Steel Code: AISC360-05 LRFD

Story level Story 2, Column Line H-2
= 5000

Fy (ksi)
Orentation (deg.)

20.0

INPUT DESIGN PARAMETERS:

Column Size

X-Axis
Lu (ft) 19.00
K 1
Braced Against Joint Translation Yes
Column Eccentricity (in) 895
0.00

CONTROLLING COLUNMN LOADS - Load Case 10:
Dead
Axial (kip) 30519
Moments Top Mx (kip-ft) 1.74
My (kip-ft) -0.69
Bot Mx (kip-ft) 0.00
My (kip-ft) 0.00

Single curvature about X-Axis
Single curvature about Y-Axis

CALCULATED PARAMETERS: (1L.2DL + 1.6LL + 0.5RF)

Pu (kip)
Mux (kip-ft)
Muy (kip-ft)

Rm

Chx
Cmx

Pex (kip)
Blx

91235
4.02
5.28

1.00
1.67
0.60
5137.00
1.00

INTERACTION EQUATION

Pu/0.90*Pn

Eq H1-1a: 0.964 +0.006 + 0.017=0.986

0.964

0.90*Pan (kip)
0.90*Max (kip-ft)
0.90*May (kip-f)

Cmy
Pey (kip)
Bly

W12X106

Y-Axis

19.00
Yes
8.60
0.00

Live

27383

1.21
-1.95
0.00
0.00

946.81
615.00
281.63

0.60
1657.27
133

Roof
0.00
0.00
0.00
0.00
0.00
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Gravity Column Design

RAM Steel v14.00.03.00 Page 5/7
nl“ DataBase: Takeoff 03/17/10 18:32:34
S| Building Code: IBC Steel Code: AISC360-05 LRFD

Story level Story 4, Column Line F-1

Fy (ksi) = 50.00 Column Size = WI2X53
Orientation (deg.) = 90.0
INPUT DESIGN PARAMETERS:
X-Axis Y-Axis
Lu (ft) 13.50 13.50
K 1 1
Braced Against Joint Translation Yes Yes
Column Eccentricity (in) Top 8.55 7.50
Boftom 8.55 7.50

CONTROLLING COLUMN LOADS - Load Case 4:

Dead Live Roof
Axial (kip) 179.47 125.11 0.00
Moments Top Mx (kip-ft) -10.01 -7.02 0.00
My (kip-ft) -0.09 -0.06 0.00
Bot Mx (kip-ft) -10.01 -7.02 0.00
My (kip-ft) -0.09 -0.86 0.00
Reverse curvature about 3-Axis
Reverse curvature about Y-Axis
CALCULATED PARAMETERS: (1.2DL + L.6LL + 0.5RF)
Pu (kip) = 41555 0.90*Pn (kip) = 51361
Muzx (kip-ft) = 2325 0.90*Mnx (kip-ft)y = 20213
Muy (kip-ft) = 1.49 0.90*Mny (kip-ft) = 109.13
Rm = 1.00
Chx = 227
Cmx = 0.20 Cmy = 0.54
Pex (kip) = 4635.07 Pey (kip) = 1044 80
Blx = 1.00 Bly = 1.00

INTERACTION EQUATION
Pu/0.90%Pn = 0.809
Eq H1-1a: 0.802 + 0.071 + 0.012=0.802
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Park Potomac Office Building “E”

Note: Final column line design shown below in gravity column summary.
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Gravity Column Summary

Gravity Column Design Summary

RAM Steel v14.00.03.00
DataBase: RAM Model Steel 03/17/10 00:04:48
Building Code: IBC Steel Code: AISC360-05 LRFD

/A

Column Line 40.08fi--116.67ft

Level Pu Mux Muy LC Interaction Eq. Angle Fy Size

Main Roof 812 482 33 10 051Eq(H1-1a) 900 50 WI12X40
Story 7 154.5 222 14 4 060Eq(H1l-1a) 90.0 50 WI12X40
Story 6 2209 208 13 4 080Eq(H1l-1a) 90.0 50 WI2X40
Story 5 286.1 205 12 4 080Eq(H1l-1a) 900 50 WI2X50
Story 4 3406 202 22 10 097Eq(H1-1a) 90.0 50 WI2X50
Story 3 4234 235 18 5 068Eq(H1-1a) 900 50 WI2X65
Story 2 4918 16.7 1.6 10 092Eq(H1l-1a) 90.0 50 WI12Xe65

Colomn Line C-3

Level Pu Mux Muy LC Interaction Eq. Angle Fy Size
Main Roof 136.3 13.3 86 6 062Eq(H1-1a) 900 50 WI12X40
Story 7 267.0 11.9 43 3 059Eq(HI1-12) 9200 50 Wi12X53
Story 6 392.0 11.4 41 3 083Eq(H1-1a) 900 50 Wi12X53
Story 5 5220 11.4 47 3 081Eq(HI1-12) 9200 50 WI12X65
Story 4 653.8 11.4 47 3 099Eq(H1-1a) 900 50 WI2X65
Story 3 1854 14.0 55 3 072Eq(H1-1a) 900 50 WI12X106
Story 2 909.5 39 52 6 098Eq(H1l-1a) 90.0 50 Wi12X106

Column Line C-2

Level Pu Mux Muy LC Interaction Eq. Angle Fy Size
Main Roof 136.3 13.3 86 7 062Eq(H1-1a) 900 50 WI2X40
Story 7 267.0 11.9 43 2 059Eq(H1-1a) 900 50 WI12X53
Story 6 392.0 11.4 41 2 083Eq(H1l-1a) 900 50 WI12X53
Story 5 5229 11.4 47 2 081Eq(H1l-1a) 900 50 WI2X65
Story 4 653.8 114 47 2 099Eq(HI1-1a) 900 50 WI2X65
Story 3 7854 14.0 55 2 072Eq(H1-1a) 900 50 Wi12X106
Story 2 9095 39 52 6 098Eq(H1-1a) 900 50 WI12X106

Column Line 40.08ft--6.50ft

Level Pu Mux Muy LC Interaction Eq. Angle Fy Size

Main Roof 812 482 33 10 051Eq(H1-1a) 90.0 50 WI2X40
Story 7 154.5 222 14 4 060Eq(H1-1a) 900 50 WI2X40
Story 6 2209 208 13 4 080Eq(H1-1a) 900 50 WI2X40
Story 5 286.1 20.5 12 4 080Eq(H1l-1a) 900 50 WI2ZX50
Story 4 3406 202 22 10 097Eq(H1l-1a) 90.0 50 WI2X50
Story 3 4234 235 18 4 068Eq(H1-1a) 900 50 WI2X65
Story 2 401.8 16.7 1.6 10 092Eq(H1-1a) 900 50 WI2X65

Column Line 68.08fi—-121.00ft

Level Pu Muzx Muy LC Interaction Eq. Angle Fy Size
Main Roof 885 462 30 6 068Eq(H1-1a) 900 50 WI10X33
Story 7 1700 216 12 2 066Eq(H1-1a) 900 50 WI10X39
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RAM Steel v14.00.03 00 Page 2/4
nl“ DataBase: RAM Model Steel 03/17/10 00-04-48
en | Building Code: IBC Steel Code: AISC360-05 LRFD

Story 6 2436 203 13 2 080Eq(dl1a) 900 50 WIOX30

Story 5 3150 108 12 2 0.74Eq(Hl-1a) 900 50 WI0X40

Story 4 3033 197 12 2 090Eq(Hl-la) 900 50 WIOX49

Story 3 4725 240 15 2 068Eq(Hl-la) 900 50 WIOXT77

Story 2 5486 171 18 6 099Eq(Hl-1a) 900 50 WIOXT77

Column Line 68.08ft--2.17ft

Level Pu  Muoux Muy LC Interaction Eq. Angle Fyv Size

Main Roof 885 462 30 6 068Eq(HIl-1a) 900 50 WI10X33
Story 7 1700 216 12 2 066Eq(H1-1a) 900 50 WI10X39
Story 6 2436 203 13 2 089Eq(HI1-1a) 900 50 WI0X39
Story 5 3159 19.8 12 2 074Eq(HI1-1a) 900 50 WI0OX49
Story 4 393.3 19.7 1.2 2 090Eq(H1-1a) 90.0 50 WI10X49
Story 3 4725 240 1.5 3 068Eq(HI1-1a) 900 50 WI0X77
Story 2 548.6 17.1 18 6 099Eq(HI1-1a) 900 50 WI0X77

Column Line E-4

Level Pu Mux Muy LC Interaction Eq. Angle Fyv Size

Main Roof 920 540 35 6 058Eq(H1-1a) 900 350 WI2X40
Story 7 1776 250 15 2 069Eq(H1-1a) 900 50 WI2X40
Story 6 2504 235 26 6 093Eq(HI-1a) 900 350 WI2X40
Story 5 3306 231 15 2 073Eq(H1-1a) 900 350 WI2X53
Story 4 4134 231 15 2 089Eq(H1-1a) 900 350 WI2X53
Story 3 496 5 273 20 2071Eq(H1-1a) 900 50 WI2XT72
Story 2 576.0 194 18 6 097Egq(H1-1a) 900 50 WI2X72

Column Line E-1

Level Pu  Mux Muy LC Interaction Eq. Angle Fy Size

Main Roof 920 540 35 6 058Eq(HI1-1a) 900 50 WI12X40
Story 7 1776 250 1.5 2 069Eq(H1-1a) 900 50 WI2X40
Story 6 2504 235 26 06 093Eq(HI-1a) 900 50 WI2X40
Story 5 3306 231 15 2 073Eq(H1-1a) 900 50 WI2X53
Story 4 4134 231 15 2 089Eq(H1-1a) 900 50 WI2X53
Story 3 496.5 213 20 3 071Eq(H1-1a) 900 50 WI2X72
Story 2 576.0 194 1.8 6 097Eq(H1-1a) 90.0 50 WI2X72

Column Line F-4

Level Pu Mux Muy LC Interaction Eq. Angle Fy Size

Main Roof 92.0 54.0 35 10 058Eq(H1-1a) 900 50 WI12X40
Story 7 177.6 250 15 4 069Eq(H1-1a) 900 50 WI12X40
Story 6 2504 235 26 10 093Eq(H1-1a) 90.0 50 WI2X40
Story 5 3306 231 15 4 073Eq(H1-1a) 900 50 WIi2X53
Story 4 4134 231 15 4 08%Eq(H1-1a) 900 50 WI2X53
Story 3 496.5 273 20 5 071Eg(H1-1a) 900 50 WI12X72
Story 2 576.0 194 1.8 10 097Eq(H1-1a) 900 50 WI2X72
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Gravitv Column Design Summarv

RAM Steel v14.00.03.00
DataBase: EAM Model Steel
Building Code: IBC

Potomac, MD
05/07/2010

Page 3/4
03/17/10 00:04-48

Steel Code: AISC360-05 LRFD

Column Line F-1

Level

Main Roof
Story 7

Story 6

Story 5

Story 4

Story 3

Story 2

Pu
020
177.6
2504
330.6
4134
406.5
576.0

Column Line 152.08ft--121.00ft

Level
Main Roof
Story 7
Story 6
Story 5
Story 4
Story 3
Story 2

Pu
885
170.0
2436
3159
3033
4725
548.6

Column Line 152.08ft-—-2.171t

Level
Main Roof
Story 7
Story 6
Story 5
Story 4
Story 3
Story 2

Pu
885
170.0
2436
3159
3033
4725
548.6

Column Line 180.08ft—-116.671t

Level
Main Roof
Story 7
Story 6
Story 5
Story 4
Story 3
Story 2

Column Line H-3
Level
Main Roof
Story 7

Pu
812
154.5
220.9
286.1
3406
4234
401.8

Pu
136.3
267.0

Mux
54.0
250
235
231
231
273
194

Mux
462
21.6
03
19.8
19.7
240
171

Mux
462
21.6
03
198
19.7
240
17.1

Mux
482
222
208
205
02
235
16.7

Mux
133
119

Muy LC
35 10
15 4
26 10
15 4
15 4
20 4
18 10

Muy LC
30 10
12 4
13 4
12 4
12 4
15 5
18 10

Muy LC
30 10
12 4
13 4
12 4
12 4
15 4
18 10

Muy LC
33 6
14 2
13 2
12 2
22 6
18 2
16 6

Muy LC
g6 11
43 4

Interaction Eq. Angle
058 Eg (H1-1a) 90.0
0.69 Eq (H1-1a) 90.0
093 Eq(H1-1a) 90.0
073 Eq (H1-1a) 90.0
089Eqg(H1-1a) 90.0
071 Eg (H1-1a) 90.0
097 Eq(H1-1a) 90.0
Interaction Eq. Angle
0.68 Eq(H1-1a) 90.0
066 Eq (H1-1a) 90.0
089Eqg(H1-1a) 90.0
0.74Eq (H1-1a) 900
090 Eq(H1-1a) 90.0
0.68 Eq(H1-1a) 90.0
099 Eqg (H1-1a) 90.0
Interaction Eq. Angle
0.68 Eq(H1-1a) 90.0
0.66 Eq(H1-1a) 90.0
089Eqg(H1-1a) 90.0
0.74 Eq(H1-1a) 90.0
090 Eq (H1-1a) 90.0
068 Eg(H1-1a) 90.0
099 Eq(H1-1a) 90.0
Interaction Eq. Angle
051 Eq (H1-1a) 90.0
0.60Eq (H1-1a) 90.0
0.80 Eq(H1-1a) 90.0
0.80 Eq(H1-1a) 90.0
097Eq (H1-1a) 90.0
068 Eg (H1-1a) 90.0
092Eq(H1-1a) 90.0

Interaction Eq. Angle
0.62 Eq (H1-1a) 90.0
059 Eq (H1-1a) 90.0

Fy
50
50
50
50
50
50
50

Fy
50
50
50
50
50
50
50

Fv
50
50

Size

WI12X40
W12X40
W12X40
W12X53
W12X53
WI12X72
WI12X72

Size

WI10X33
W10X39
W10X39
W10X40
W10X40
WI10X77
W10X77

Size

WI10X33
W10X39
W10X39
W10X49
W10X490
WI10X77
WI10X77

Size

W12X40
W12X40
W12X40
W12X50
W12X50
W12X65
W12X65

Size
WI12X40
WI12X53
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RAM Steel v14.00.03.00 Page 4/4
nl“ DataBase: RAM Model Steel 03/17/10 00:04-48
ewis| Building Code: IBC Steel Code: AISC360-05 LRFD

Story 6 3920 114 41 4 083Eq(HI-1a) 000 50 WI2X53

Story 5 5229 114 47 4 081EqH1-1a) 900 50 WI2X65

Story 4 6538 114 47 4 099Eq(HI-la) 900 50 WI2X65

Story 3 7854 140 55 4 072Eq(HI-1a) 900 50 WI2X106

Story 2 000 5 3.0 52 10 098Eq(HI-1a) 900 50 WI12X106

Column Line H-2

Level Pu Muoux Muyv LC Interaction Eq. Angle Fyv Size
Main Roof 136.3 133 86 10 0.62Eq(H1-1a) 90.0 50 WI12X40
Story 7 267.0 11.9 43 5 059Eq(H1-1a) 900 50 WI2X53
Story 6 392.0 11.4 41 5 083Eq(H1-1a) 900 50 WI2X53
Story 5 5229 11.4 47 5 081Eq(H1-1a) 900 350 WI2X65
Story 4 653.8 114 47 5 099Eq(H1-1a) 900 50 WI12X65
Story 3 7854 14.0 55 5 072Eq(HI1-1a) 900 50 WI2X106
Story 2 909.5 39 52 10 0.98Eq(H1-1a) 900 50 WI2X106

Column Line 180.08ft—-6.50ft

Level Pu Mux Muy LC Interaction Eq. Angle Fy Size

Main Roof 812 482 33 6 051Eq(H1-1a) 900 50 WI2X40
Story 7 1545 2232 14 2 060Eq(H1-1a) 900 50 WI2X40
Story 6 2209 208 13 2 080Eq(H1-1a) 90.0 50 WI2X40
Story 5 286.1 20.5 12 2 080Eq(H1-1a) 900 50 WI2X50
Story 4 3406 202 22 6 097Eq(HI-1a) 900 50 WI2350
Story 3 4234 235 18 3 068Egq(H1-1a) 900 350 WI2X65
Story 2 4018 16.7 16 6 092Eq(H1-1a) 900 50 WI2X65
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Additionally, there are eight column lines along grid B and grid | that were designed to
resist the moments due to the cantilever. A typical column line for this case is shown
below.
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Note: Columns that participated in resisting lateral forces as part of the braced frames
are available in Appendix D.
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Critical Girder Optimized

‘Gravity Beam Design

RAM Steel v14.00.03.00
DataBase: RAM Model Steel 021110

Potomac, MD
05/07/2010

03/16/10 22:27:55
Steel Code: AISC360-05 ASD

Floor Type: Gr
SPAN INFORMATION (fi):

Beam Number = 23
I-End (96.08,-44.33)  J-End (96.08,0.00)

Maximum Depth Limitation specified =22.00 in

Beam Size (Optimum) = W21X03
Total Beam Length (ft) = 4433
COMPOSITE PROPERTIES (Not Shored):
Left

Concrete thickness (in) 3.50

Unit weight concrete (pcf) 115.00

fic (ksi) 3.00

Decking Orientation parallel

Decking type CMC-USD

2 0LokFloor 2
beff (in) = 133.00 Y bar(in) =

Mnf (kip-ft) = 159789 Mn (kip-ft) =

C (kips) = 37134 PNA (in) =

Leff (ind) = 3923.97 Itr (in4) =

Stud length (in) = 4.00 Stud diam (in) =

Stud Capacity (kips) Qn = 177 Rg =100 Rp =075

# of studs per stud segment: Full = 343413434

Partial = 10,10.3,10,10
Actual = 10,10.3,10,10
Number of Stud Rows=1  Percent of Full Composite Action =29 81
POINT LOADS (kips):

Dist DL CDL RedLL Red% NonRLL StorLL Red%
8867 6.61 500 1241 413 000 000 00
3867 6.61 500 1241 413 000  0.00 0.0

17.733 6.61 500 1241 413 000 000 00
17.733  6.61 500 1241 413 000  0.00 0.0
26600 6.61 5399 1241 413 000 000 00
26.600  6.61 500 1241 413 000  0.00 0.0
35466  6.61 500 1241 413 000  0.00 0.0
35466  6.35 576 1191 413 000 000 00
LINE LOADS (k/ft):
Load Dist DL CDL LL Red% Type
1 0.000 0.003 0.003 0.000 - NonR
44333 0.003 0.003 0.000
SHEAR: Max Va (DL+LL) = 57.56 kips Vn/1.50 = 250.56 kips
MOMENTS:
Span Cond LoadCombo Ma @ Lb
kip-ft ft ft
Center PreCmp+  DL+LL 4721 215 89
Init DL DL 3405 216 -
Max = DL+LL 760.1 209 —

Fy = 50.0 ksi
Right
3.50
115.00
3.00
parallel
CMC-USD
(OLokFloor
19.05
1306.40
17.20
5384.74
0.75
RoofLL. Red%  CLL
000 Snow 248
0.00 Snow 248
000 Snow 248
0.00 Snow 248
000 Snow 248
0.00 Snow 248
0.00 Snow 248
000 Snow 238
CLL
0.000
0.000
Chb (9] Mn/Q
kip-ft
1.00 1.67 517.21
— 1.67 78227
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/A

RAM Steel v14.00.03.00
DataBase: RAM Model Steel 021110
Building Code: IBC

Gravity Beam Design

Page 2/2
03/16/10 22:27:55
Steel Code: AISC360-05 ASD

@ Lb Cb 0O  Mi/Q
209 — 167 78227
Right
35.69
28.30
28.93
57.23
= -2.021 LD = 263
= -1.211 LD = 430
= -1314 LD = 405
-1.835 LD = 290

Span Cond LoadCombo Ma
Controlling DL+LL 760.1
REACTIONS (kips):
Left
Initial reaction 35809
DL reaction 2845
Max +LL reaction 2011
Max +total reaction (factored) 57.56
DEFLECTIONS: (Camber =1-1/2)
Initial load (in) at 2171
Live load (in) at 2217 f
Post Comp load (in) at 22171t
Net Total load (in) at 22171t =

80139
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Wind Analysis Calculations
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E-W Basic Wind Analysis Factors
Exposure B
Case 2
L (Most conservative) = 127.5 | ft
B= 223.75 | ft
L/B= 0.570
Basic Wind Speed V= | 90
Wind Directionality Factor Kd= | 0.85
Importance Factor =1
Exposure Category Category | B
Topographical Factor Kzt= | 1
Gust Effect Factor G= | 0.85
Cp Windward Cp= 0.8
Cp Leeward Cp=| -0.5
Gcepi Windward 0.18
Gcepi Leeward -0.18
GCpn Windward 1.5
GCpn Leeward -1
E-W Velocity Pressure Exposure Coefficients, Kh and Kz
Height (ft Kz, Kh, qz, gh, qp qz, gh
Level above Plaza) Kp Windward Leeward
Plaza Level 0 0.570 10.047 17.443
9.5 0.570 10.047 17.443
2nd Floor 19 0.615 10.838 17.443
25.75 0.671 11.821 17.443
3rd Floor 32.5 0.717 12.634 17.443
39.25 0.757 13.334 17.443
4th Floor 46 0.792 13.952 17.443
52.75 0.823 14.509 17.443
5th Floor 59.5 0.852 15.017 17.443
66.25 0.879 15.485 17.443
6th Floor 73 0.903 15.920 17.443
79.75 0.926 16.328 17.443
7th Floor 86.5 0.948 16.711 17.443
93.5 0.969 17.087 17.443
Main Roof 100.5 0.990 17.443 17.443
Penthouse Level 116.5 1.032 18.195 17.443
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E-W Calculation of Design Wind Pressures
Windward Leeward
External External Net Net Net Net
Height (ft | Pressure Pressure | Internal Pressure | Pressure | Pressure | Pressure
above Windward | Leeward | Pressure P Pos P Neg P Pos P Neg
Level Plaza) (psf) (psf) (psf) (psf) (psf) (psf) (psf)
Plaza
Level 0 6.83 -7.41 3.28 3.56 10.11 -10.69 -4.14
9.5 6.83 -7.41 3.28 3.56 10.11 -10.69 -4.14
2nd Floor 19 7.37 -7.41 3.28 4.09 10.64 -10.69 -4.14
25.75 8.04 -7.41 3.28 4.76 11.31 -10.69 -4.14
3rd Floor 32.5 8.59 -7.41 3.28 5.32 11.87 -10.69 -4.14
39.25 9.07 -7.41 3.28 5.79 12.34 -10.69 -4.14
4th Floor 46 9.49 -7.41 3.28 6.21 12.76 -10.69 -4.14
52.75 9.87 -7.41 3.28 6.59 13.14 -10.69 -4.14
5th Floor 59.5 10.21 -7.41 3.28 6.94 13.49 -10.69 -4.14
66.25 10.53 -7.41 3.28 7.25 13.80 -10.69 -4.14
6th Floor 73 10.83 -7.41 3.28 7.55 14.10 -10.69 -4.14
79.75 11.10 -7.41 3.28 7.83 14.38 -10.69 -4.14
7th Floor 86.5 11.36 -7.41 3.28 8.09 14.64 -10.69 -4.14
93.5 11.62 -7.41 3.28 8.34 14.89 -10.69 -4.14
Main

Roof 100.5 11.86 -7.41 3.28 8.59 15.14 -10.69 -4.14
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E-W Design Pressures

Level Height (ft Design Design Total Force of Story
above Pressure | Pressure | Pressure Total Shear
Plaza) | Windward | Leeward (psf) Pressure | Total (k)

(psf) (psf) (k)
Plaza Level 0 6.83 -7.41 14.24 28.69 423.35
9 6.83 -7.41 14.24

2nd Floor 18 7.37 -7.41 14.78 50.44 394.66
24.25 8.04 -7.41 15.45

3rd Floor 30.5 8.59 -7.41 16.00 44.76 344.22
36.75 9.07 -7.41 16.48

4th Floor 43 9.49 -7.41 16.90 47.27 299.46
49.25 9.87 -7.41 17.28

5th Floor 55.5 10.21 -7.41 17.62 49.29 252.19
61.75 10.53 -7.41 17.94

6th Floor 68 10.83 -7.41 18.24 51.01 202.90
74.25 11.10 -7.41 18.52

7th Floor 80.5 11.36 -7.41 18.78 53.57 151.88

87 11.62 -7.41 19.03

Main Roof 93.5 11.86 -7.41 19.27 28.03 98.32

Penthouse 109.5 12.37 -7.26 19.63 70.28 70.28

Base Shear 423 | K
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N-S Basic Wind Analysis Factors

Exposure B

Case 2

L (Most Conservative)= 223.75 | ft

B= 127.5 | ft
L/B= 1.755

Basic Wind Speed V= |90
Wind Directionality Factor Kd= | 0.85
Importance Factor =1
Exposure Category Category | B
Topographical Factor Kzi= | 1
Gust Effect Factor G=|0.85
Cp Windward Cp= 0.8
Cp Leeward Cp= | -0.35
Gcepi Windward 0.18
Gcpi Leeward -0.18
GCpn Windward 1.5

GCpn Leeward -1

N-S Velocity Pressure Exposure Coefficients, Kh and Kz

Height (ft Kz, Kh, | qz, qh, qp qz, gh

Level above Plaza) Kp Windward | Leeward
Plaza Level 0 0.570 10.047 17.443
9.5 0.570 10.047 17.443

2nd Floor 19 0.615 10.838 17.443
25.75 0.671 11.821 17.443

3rd Floor 32.5 0.717 12.634 17.443
39.25 0.757 13.334 17.443

4th Floor 46 0.792 13.952 17.443
52.75 0.823 14.509 17.443

5th Floor 59.5 0.852 15.017 17.443
66.25 0.879 15.485 17.443

6th Floor 73 0.903 15.920 17.443
79.75 0.926 16.328 17.443

7th Floor 86.5 0.948 16.711 17.443
93.5 0.969 17.087 17.443

Main Roof 100.5 0.990 17.443 17.443
Penthouse Level 116.5 1.032 18.195 17.443
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N-S Calculation of Design Wind Pressures
Windward Leeward
Net Net Net Net
Height (ft | External External Pressure | Pressure | Pressure | Pressure
above Pressure Pressure Internal P Pos P Neg P Pos P Neg
Level Plaza) Windward | Leeward | Pressure (psf) (psf) (psf) (psf)
Plaza
Level 0 6.832 -5.189 3.275 3.557 10.107 -8.464 -1.914
9.5 6.832 -5.189 3.275 3.557 10.107 -8.464 -1.914
2nd Floor 19 7.370 -5.189 3.275 4.094 10.645 -8.464 -1.914
25.75 8.038 -5.189 3.275 4.763 11.313 -8.464 -1.914
3rd Floor 32.5 8.591 -5.189 3.275 5.316 11.866 -8.464 -1.914
39.25 9.067 -5.189 3.275 5.792 12.342 -8.464 -1.914
4th Floor 46 9.488 -5.189 3.275 6.212 12.763 -8.464 -1.914
52.75 9.866 -5.189 3.275 6.591 13.141 -8.464 -1.914
5th Floor 59.5 10.211 -5.189 3.275 6.936 13.487 -8.464 -1.914
66.25 10.530 -5.189 3.275 7.255 13.805 -8.464 -1.914
6th Floor 73 10.826 -5.189 3.275 7.551 14.101 -8.464 -1.914
79.75 11.103 -5.189 3.275 7.828 14.378 -8.464 -1.914
7th Floor 86.5 11.364 -5.189 3.275 8.088 14.639 -8.464 -1.914
93.5 11.619 -5.189 3.275 8.344 14.894 -8.464 -1.914
Main
Roof 100.5 11.861 -5.189 3.275 8.586 15.136 -8.464 -1.914
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N-S Design Pressures

Level Height (ft Design Design Total Force of Story
above Pressure | Pressure | Pressure Total Shear
Plaza) | Windward | Leeward (psf) Pressure | Total (k)

(psf) (psf) (k)
Plaza Level 0 6.83 -5.19 12.02 13.79 210.28
9 6.83 -5.19 12.02

2nd Floor 18 7.37 -5.19 12.56 24.42 196.49
24.25 8.04 -5.19 13.23

3rd Floor 30.5 8.59 -5.19 13.78 21.96 172.07
36.75 9.07 -5.19 14.26

4th Floor 43 9.49 -5.19 14.68 23.39 150.11
49.25 9.87 -5.19 15.06

5th Floor 55.5 10.21 -5.19 15.40 24.54 126.72
61.75 10.53 -5.19 15.72

6th Floor 68 10.83 -5.19 16.02 25.52 102.17
74.25 11.10 -5.19 16.29

7th Floor 80.5 11.36 -5.19 16.55 26.91 76.65

87 11.62 -5.19 16.81

Main Roof 93.5 11.86 -5.19 17.05 14.13 49.74

Penthouse 109.5 12.37 -5.08 17.46 35.61 35.61

Base Shear 210 | K
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Seismic Analysis Calculations
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Park Potomac Office Building “E”

Formulation of Building Weight

/I

INTHNATIOR A

RAM Steel v14.00.03.00
DatzBase: RAM Model Steel
Building Code: TRC

Gravity Beam Design Takeoff

Potomac, MD
05/07/2010

02/12/10 15:13:22
Steel Code: ATSC360-05 ASD

STEEL BEAM DESIGN TAKEOFF:

Floor Type: Gr
Story Tevels 1to 7
Steel Grade: 50

SIZE
W38X10
WI10X12
WI12X14
WI12X16
WI12X19
W14x22
WI16X20
W14X30
W16X31
WI18X40
WI1X44
W21X50
Wi4Xe62
W24X68
WI7X84

k]

—
[ ST CN s N S V]

SR U R 1

Total Number of Studs = 2792

167

LENGTH (ft)
305.87
136.88
170.00
112.00

1500.83
293.00
09.00
60.00
487.00
124.33
69.00
6v.00
151.33
168.606
177.33

TOTAL STRUCTURE GRAVITY BEAM TAKEOFF

Steel Grade: 50

SIZE
W8X10
WinX12
Wi12X14
Wi12X16
WI12X19
Wi14x22
W16X26
W14X30
W16X31
WI18X40
WilxX44
WI1X50

231
126
56
28
378
70
14
14
112
28
14
14

LENGTH (ff)
2561.12
3058.14
1190.00

784.00
10568.82
2051.00
483.00
483.00
3400.00
870.32
483.00
483.00

WEIGHT (lbs)
3085
5263
2406
1795

28617
6471
1803
2078

15130
4992
3052
3451
9372

11536

14965

WEIGHT (Ibs)
25796
36838
16845
1256

200316
45294
12622
14545
105909
34946
21366
24160
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Gravity Beam Design Takeoff

RAM Steel v14.00.03.00 Page 2/2

DatzBase: RAM Model Steel 02/12/10 15:13:22
Building Code: IBC Steel Code: AISC360-05 ASD

/I

SIZE # LENGTH (ft) WEIGHT (1bs)
W24X62 28 1059.32 65605
W24X08 28 1180.65 80751
W2TX81 28 1211.32 101754

1169 802313
Toral Number of Studs = 19544
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Gravity Column Design TakeOff

RAM Steel v14.00.03.00
DatzBase: RAM Model Steel 02/13/10 16:08:56
Building Code: IBC Steel Code: AISC360-05 ASD

/I

(a0

Steel Grade: 50

I section

Size & Length (ft) Weight (Ibs)
WI10X33 16 220.0 7269
W10X39 g 108.0 4225
WI12X40 12 166.0 5609
W14X43 12 166.0 7117
W12X45 g 108.0 4814
WI10X45 4 54.0 2444
W14X48 4 54.0 2501
W10X49 12 162.0 7938
WI2ZX53 12 162.0 3600
WI10X54 4 54.0 2003
W10X60 4 54.0 3234
Wi14X61 12 162.0 9867
WI12X65 g 108.0 7019
W14X68 4 54.0 3675
WI12X72 4 54.0 3877
W14X74 4 54.0 4006
WI10X77 4 76.0 5845
WI12X79 4 76.0 5000
W14X82 4 54.0 4410
WI12ZX87 4 54.0 4704
W10X88 4 76.0 5693
W14X090 8 108.0 D739
W14X099 4 76.0 7526
W14X109 4 76.0 8276
WI12X120 4 76.0 9129

—_
[=))
=]
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COMPOSITE PROPERTIES
S, Iy, oM, - 0V,  Maxunshoredspans,ft. =~ A,

inI:"' ft/ft2  psf in? in4 in.k Ibs. 1span 2span 3span

>
s
=2

326 0292 M 1.00 44 2813 4270 632 B46  B56  0.023
375 0383 38 1.18 60 3312 410 603 809 818 0027
400 0354 il 1.27 69 3560 4790 590 793 802 0029
426 0375 43 1.36 79 3820 4970 577  TW 786 0.032
480 0417 48 155 101 4358 5340 555 749 758 0036
508 0438 50 165 113 4626 5540 545 736 745 0.038
536 0458 53 175 127 4897 5730 536 724 732 004
595  0.500 58 194 157 5444 6150 518 7.01 710 0045
61.9 0.5 60 206 174 5720 6310 510 681 699  0.047
62

214 192 5997 6480 505 681 6.89  0.050
1.20 48 W7 40 742 2971 1003 0.023
142 65 3980 5030 707 928 959 0027
1.53 T4 429 5210 691 909 939 0.029
1.64 B5 4605 5390 676 891 920 0.032
649 857 886  0.036
637 842 870  0.038
626 827 855 0041
605 800 82T 0.045
585 78T 814 0047
.75 80
1055 1091
1010 1043
10.22

SIS

1133 1171 0.023
1084 1120 0.027

B.75

400 0354 195 ; 5472 5590 BS54 1062 1097 0.029
426 0375 “ 210 . 5878 5950 835 1041 1076  0.032
480 0417 239 121 6707 6530 B01 1002 1036 0.036
508 0438 50 254 136 729 6730 786 984 1047 0.038
536 0458 53 269 152 7555 771 968 1000  0.041
585  0.500 58 300 188 B417T TM0 744 936 967 0.045
619 0.5 60 316 207 8852 T7s00 732 9.4 852  0.047
643  0.542 62 33 228 9291 7670 724 907 938  0.050
326 0292 34 1.88 60 4299 4560 1049 1257 1299 0.023
375 0333 38 222 B0 5072 5240 99 1203 1243  0.0277
400 0354 # 240 92 54.72 5580 972 1178 1218  0.029
426 03715 43 2.58 105 5878 5350 950 1155 1194 0032
480 0417 48 294 134 6707 6700 911 1143 1150 0.036
508 0438 50 313 150 729 7090 8493 1004 1130 0.038
536 0458 53 332 168 7555 7490 B76 1075 1111 0.041
595 0500 58 N 206 8417 8150 B45 1040 1075  D.045
61.9 0.5 60 390 228 8852 B30 831 1024 1059  0.047
643 0542 62 410 251 9291 8480 822 10.09 1043  0.050
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E -

Keoie Waones.| THESIS Finac
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SLAB: (PEcw + L concere) U3 938 L 050 carmiow |

U3 os§ (e300 £ Y7 Fooes) = 191,35 ¥

B s :
Hhlo b (9 Fieses) = BOZBIZ b | RhM TaesFF |

z80723

o

3-0285 — 50 SHEETS — 5 SQUARES
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Seismic Design Variables

ASCE Reference
Soil Classification D Table 20.3-1
Occupancy I Table 1-1
Importance Factor 1.0 Table 11.5-1
Structural System Steel System Table 12.2-1
Spectral Response Acceleration, Short Ss | 0.156 USGS Website
Spectral Response Acceleration, 1 s S1 | 0.051 USGS Website
Site Coefficient Fo | 1.6 Table 11.4-1
Site Coefficient Fo | 2.4 Table 11.4-2
MCE Spectral Response Acceleration, Short Sms | 0.2496 Eq. 11.4-1
MCE Spectral Response Acceleration, 1 s Sm1 | 0.1224 Eq. 11.4-2
Design Spectral Acceleration, Short Sps | 0.166 Eqg. 11.4-3
Design Spectral Acceleration, 1 s Sp1 | 0.081 Eq. 11.4-4
Seismic Design Category Soc | B Table 11.6-2
Response Modification Coefficient R |3 Table 12.2-1
Approximate Period Parameter G | 0.02 Table 12.8-2
Building Height (E-W) h. | 100.5'
Structure Period Exponent k | 1.58
Approximate Period Parameter x | 0.75 Table 12.8-2
Fundamental Period (E-W) T | 1.6055s Eq. 12.8-7
Fundamental Period (N-S) T | 1.6672 s Eq. 12.8-7
Long Period Transition Period T. [8.0s Fig. 22-15
Seismic Response Coefficient C, | 0.025 Eq. 12.8-2
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Seismic Calculations

N-S
Level Story Heiaht Forces Story Moments
v Weight (K) (;g (K)Fx | Shear Vx | (ft-k) Mx

Penthouse 211.8 116.5 6 0 721
Main Roof 423.6 100.5 15 6 1472
7th Floor 1270.7 86.5 66 21 5673
6th Floor 1270.7 73.0 50 86 3661
5th Floor 1270.7 59.5 36 137 2160
4th Floor 1270.7 46.0 24 173 1112
3rd Floor 1270.7 32.5 14 197 454
2nd Floor 1906.1 19.0 11 211 216
Plaza /First Floor 0.0 0.0 0 222 0
Total: 8895 222 15469
2 wihik 312756036
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Brace Design (N-S Direction)

ETABS
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e
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L=1og 7 e L=tz 2 %
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D =257 7 \ =299 FoE
L=vt / Legs /,/ S5
W e deT / \\
41 < + T \
D=3eq ©=3y7 3 -
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W =78 / A3 o
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D362 % AR
L= Z4Y = A \ p=iot v N
we7gT 7 R 5
3¢ o e b \\

ETABS v9.5.0 - File: ETABS Steel Model New 0217 - February 20,2010 11:38
Elevation View - 2 - Kip-in Units
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Final Brace Design (N-S Direction)
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ETABS v9.5.0 - File: ETABS Steel Model New 0217 - February 20,2010 11:34
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Final Brace Design (E-W Direction)
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Structural Concrete Estimate

Mat Foundations

Unit Mati Unit Labor Unit Equip. Total item
ltem Size Depth | Quantity | Total CY Cost Mat Cost Cost Labar Cost Cost Equip. Cost Cost
Wormal Weight Concrete, 3000 P3| \aries varies 5 1667 $101.00[  5168,367.00) $168,367.00)
Foundation Mats over 20 CY, Direct chute Varies Varies 5 1667 $4.53 37,5515 $0.15] $250.05 $7,801.56)

Unit Mat'] Unit Labor Unit Equip. Total ltem
tem Size Depth | Quantity SFCA Cost Mat'i Cost Cost Labor Cost Cost Equip. Cost Cost
Forrns in Flace, plywood, 2 use Varies Varies 5 4445 $1.80 $8,001.00] $4.91 $21,802.73) $29,803.73

Total Unit Matl Unit Labar Unit Equip. Totdl item
ltem LBS/FT length | Quantity LBS Cost Mati Cost Cost Labor Cost Cost Equip. Cost Cost
Footing #6 Rebar 1.502 13936 = 20931872 $0.75) $15,698.90) $0.34] 57,116.54) $22,815.74]
Footing #10 Rebar 4.303 12056 - 52049.088 $0.70 $36,434.36 $0.20 $10,409.57 $46,844.1g]
Footing #11 Rebar 5.313 11784 - 62608.392 $0.70 $43,825.57] $0.20) $12,521.6 $56,347.55
Elevated Slabs

Unit Mat'{ Unit Labar Unit Equip. Totdl item
ftem Area {SF) Depth | Quantity | Taotal CY Cost Mati Cost Cost Labor Cost Cost Equip. Cost Cost
[Mormal Weight Cancrete, 5000 psi 26000 il 7 3934 $111.00)  5436,674.00) $436,674.00)
Placing elevated slab, All floors purmped 26000 7 7 3934 $13.55 $53,305.70) 54.94]  $15,433.96 $72,739.6¢]

Unit Mat Unit Labor Unit Equip. Total item
ftern LBSHT length | Quantity LBS Cost Mati Cost Cost Labor Cost Cost Equip. Cost Cost
Stressing Tendons 0.52 259875 - 135135 $2.33|  $314,864.55 $2.18]  $294,594.30) $0.08|  $12,162.15 $621,621.00)

Unit Mat'] Unit Labor Unit Equip. Total item
ftem LBS/FT length | Quantity LBS Cost Mati Cost Cost Labor Cost Cost Equip. Cost Cost
Reinfarcement, #4 Bars 0.668 338300 - 226318.4 $0.23|  $186,712.68 $0.25 $55,448.01] $242,160.69)

Unit Mat] Unit Labar Unjt Equip. Totdl ltem
ftem Area {5F) Depth | Quantity SFCA Cost Mat'i Cost Cost Labor Cost Cost Equip. Cost Cost
Formweark, Job built, 2 use 26000 Ea 7 182000 $2.43  $453,180.00) $3.59|  $653,380.00) $1,106,560.00)
[Curb Forms, wood, 6" to 12", 2 use 26000 7" 7 408 50.70) $285.60) $5.90 $2,407.20) $2,692.80

Unit Mat'| Unit Labor Unit Equip. Total item
ftern Area {SF) Capecity | Quantity Cost Mati Cost Cost Labor Cost Cost Equip. Cost Cost
#3 Post Shore, 3800# capacity 26000 3300 600 - $540.00(  $324,000.00) $324,000.00)

Unit Mat'] Unit Labor Unit Equip. Total ltem
ltem Area {SF) - - SFCA Cost Mat'i Cost Cost Labor Cost Cost Equip. Cost Cost
Reshoring, Assume 2 Floors 26000 52000 $0.50)] $26,000.00) $0.46] 320,01 $49,920.00}
Baams

Unit Mt Unit Labor Unit Equip. Total ltem
tem Size length | Quantity | Total CY Cost Mat'i Cost Cost Labar Cost Cost Equip. Cost Cost
[Normal Weight Concrete, f'e=5000 psi 13'%72" 6160 - 1483 $111.00) 5164,613.00 $164,613.00)
Placing bearns, All levels pumped 13'x72" 6160 - 1483 $24.00] $35,592.00) $8.30|  $13,050.40) $48,642.40)

Unit Matl Unit Labor Unit Equip. Total item
ltem LBS/FT length | Quantity iBS Cost Mat'l Cost Cost Labor Cost Cost Equip. Cost Cost
Reinforcing, #3 Bars 3.4 55440 - 188456 50.78]  $146,084.40) 50.22 $41,940.3¢ $183,024.7¢|
Reinfarcing, #3Bars 0.376 344360 - 123704.96 $0.78] $98,900.03) $0.39 $50,260.57] $145,160.70)

Unit Mat Unit Labor Unit Equip. Total item
ftem LBS/FT length | Quantity LBS Cost Mati Cost Cost Labar Cost Cost Equip. Cost Cost
Stressing Tendons 0.52 184300 - 96096 $2.33|  $223,303.65 $2.18] 5209,489.28 $433,392.95|
Columns

Unit Mat't Unit Labar Unit Equip. Totdl item
ftem Size length | Quantity | Totai CY Cost Mat Cost Cost Labar Cost Cost Equip. Cost Cost
Normal Weight Concrete, 4000 psi 24'%24" Varies 3z 233 $106.00 $24,698.00) $24,698.00)
[Normal Weight Concrete, 5000 psi 24'%24" Varies 32 200 $111.00 $22,200.00) $22,200.00]
Placing concrete, 24" columng 24"x24" Varies 32 433 $23.50| $10,175.50) $8.60| $3,723.80| $13,899.30}

Unit Mati Unit Labor Unit Equip. Total tem
ftem Size length | Quantity SFCA Cost Mati Cost Cost Labor Cost Cost Equip. Cost Cost
Farrmwark, Job built, 2 use 24'x24" 7" 32 23296 $1.37] $21,915.52) $5.60]  $130,457.60) $162,373.12)

Unit Mat'l Unit Labar Unit Equip. Total item
ftem LBS/FT length | Quantity LBS Cost Mati Cost Cost Labor Cost Cost Equip. Cost Cost
Reinfarcing, #10 Bars 4.303 16512 - 71051.136 50.78| $55,064.63 $0.31] 0 $77,090.48
Reinforcing, #8Bars 2.670 9472 - 25290.24 50.78] $19,595.94) 50.31 $7,839.57} $27,433.91]
Reinfarcing, #3Bars 0.376 14560 - 5474.56 $0.78) $4,242.79) $0.59 $3,250.52) $7,433.30)

subtotals| $2,805,265.95 $1,653,489.53 $48,620.36) $4,507,375.59

Adjusted for Location (0.89 )

$4,011,564.50}

Design Contingency [1.5%)) $60,173.47
Escalation Contingency (3.5%]) $140,404.76)
Insurance (3%} $120,346.94]

Bonds [27%)] 580,231.29)
Overhead & Profit (10%)) $401,156.45)
Total Structural Concrete Cost: | 54,813,877.40)
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Structural Steel Estimate
Unit Unit Unit
Totaf Length | Mat Labor labor | Equipment | Equipment
Member Size Unit Quantity (LF) Cost Mat Cost | Cost Cost Cost Cost Total ftem Cost
Beams
Wide Flange Shapes
W8x10 LF 231 2561.09 518.15 546,484 54.47 511,438 53.19 58,170 $66,091
W10x12 LF 126 3058.16 $21.78] 566,607 54.47 513,658 $3.19 59,756 590,020
W12x14 LF 56 1190.00 525.41] 530,238 $3.05 53,626 52.18 52,592 536,456
W12x16 LF 28 784.00 529.15 522,854 53.05 52,389 52.18 51,708| 526,950
W12x19 LF 378 10568.81 534.49 5364,465 $3.05 532,203 52.18 523,019 5419,687
Wldx22 LF 70 2051.00 539.93 581,896 $2.71 55,550 51.94 53,971 $91,417
W1bx26 LF 14 483.00 $47.30 522,846 $2.68] 51,296 51.91 5924 525,067
W14x30 LF 14 483.00 554.45 $26,299 $2.98] 51,440 $2.12 51,025 528,765
W1bx31 LF 112 3409.00 $56.10 $191,245 $2.98] 510,162 $2.12 57,237 $208,644
W18x40 LF 28 870.31 572.60 563,185 $4.04 53,513 $2.15 51,867 $68,565
W21x44 LF 14 483.00 579.75 538,519 $3.65 51,764 51.94 5935 541,218
W2 1x50 LF 14 483.00 590.75 543,832 $3.65 51,764 $1.94 5935 $46,531
W18x55 LF 56 672.00] 5100.10 567,267 $4.26) $2,861 $2.27 51,523 571,651
W24x62 LF 28 1059.31| $112.20 $118,855 $3.50 53,705 $1.86 51,969 5124,529
W24x68 LF 28 1180.62 $123.20 $145,452 $3.50 54,130 51.86 52,195 $151,777
W27x84 LF 28 1241.31 5152.90 $189,796 $3.26 54,042 51.74 52,157 5195,995
Columns
Wide Flange Shapes
W10x33 LF 4 56.00 561.53 53,446 $2.55 5143 51.82 5102 53,690
W10x39 LF 4 108.00 572,72 57,853 $2.55 5276 51.82 $196 $8,326
W12x40 LF 20 384.00 574.58| 528,639 $2.55 $981 51.82 $699 $30,318
Wldxd3 LF 8 112.00 580.17 58,979 $2.55 5286 51.82 5204 59,469
W1dx48 LF 8 112.00 $89.50 $10,024 $2.67 $299 $1.91 5214 $10,536
W10x49 LF 4 108.00 591.36 59,867 $2.67 5288 51.91 5206 $10,361
W12x50 LF 4 108.00 593.23 510,068 52.67 5288 51.91 5206 510,563
W12x53 LF 8 216.00 598.82 521,345 $2.67 5576 $1.91 $412 $22,333
W14x53 LF 4 108.00 $98.82 510,672 $2.67] 5288 $1.91 5206 511,167
Wldxb1 LF 4 108.00f $113.73 512,283 $2.67 5288 $1.91 5206 $12,778
W12x65 LF 8 238.00 $121.19 528,844 $2.80 5667 $2.00 5476 529,987
W14x68 LF 4 108.00f 5126.79 513,693 $2.80 5303 $2.00 5216 514,212
W12x72 LF 4 130.00] 5134.24 517,452 52.80) 5364 52.00 5260 518,076
W10x77 LF 4 130.00f $143.57 518,664 $2.80 5364 $2.00 5260 519,288
W14x82 LF 4 108.00] 5152.89 516,512 $2.80 5303 52.00 5216 517,031
W14x90 LF 4 130.00f 5167.81] 521,815 52.80 5364 52.00 5260 522,439
W14x99 LF 4 130.00] 5184.59 523,996 $2.80) 5364 $2.00 5260 524,620
W12x106 LF 4 130.00 5197.64 525,693 $2.87 $373 52.05 5266 526,332
W14x109 LF 8 216.00) $203.23 543,898 $2.87 5620 $2.05 $442 544,960
W14x176 LF 8 216.00 $328.15 570,881 $3.02 5652 52.16 5466 $71,999
W14x257 LF 8 260.00] 5479.18] $124,586 $3.23 5840 52.31 5599 $126,026
Applied Fireproofing
Sprayed Cementitious FP
AllBeams- 1" Thick] — sF | 152889 ] | 50.53]  $81,031]  $0.53]  $81,031] 50.08] 512,231] $174,293
AllColumns-2-3/16" Thick]  SF | 18235 | | $113]  S20,606] 5114  $20,788] 50.18| 53,282 544,676)
Moment Connections
|
Connections at Cantilever] EA | 56 [ 51,000.00]  $56,000] I 50 S0 $56,000
Studs
Shear Studs| _EA | 19544 | [ So7] 513,876 50.74] 514,463 50.28 57,827 $35,766)
Subtotal Costs| 52,220,562 528,749 599,396]  $2,548,607.62]
Adjusted for Location (0.89) 52,268,260.78
Design Contingency (1.5%) $34,023.91
Escalation Contingency (3.5%) $79,389.13
Insurance (3%) $68,047.82
Bonds (2%) $45,365.22
Overhead & Profit (10%) $226,826.08]
| Total Structural Steel Cost:|  $2,721,912.94
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Structural Concrete E

Spread Footings

Upit Mat 1 Unit Labor Unit Equip. Equip. Total Htem
Item Size Depth | Quantity | Total CY Cost Mat'l Cost Gost Labor Cost Cost Cost Cost
Normal Weight Concrete, 3000 PSI 17-0"x 17" 2'-10" 12 357 $101.00 $36,057.00) $36,057.00)
Place Concrete Footings, Direct chute 170" % 17'-0" 2'-10" 12 357 $14.45] $5,158.65 $5.25 $1,874.25) $7,032.90
Upit Mat 1 Unit Labor Unit Equip. Equip. Total item
Item Size Depth | Quantity SFCA Cost Mati Cost Cost Labor Cost Cost Cost Cost
Forms in Place, plywood, 2 use 17-0"% 170" 210" 12 2312 $1.20] $2,774.40) $2.27] $7,560.24 $10,334.64]
Unit Mat 1 Unit Labor Unit Equip. Equip. Total item
Item LBS/FT Length | Quantity LBS Cost Mati Cost Cost Labor Cost Cost Cost Cost
Footing #8 Rebar, A615 Grade 60 2.67 17" 480 21787.2 $0.70]  $15,251.04) $0.20] $4,357.44 $19,608.48|
Elevated Slabs
Unit Mat Unit Labor Unit Equip. Equip. Total item
Item Ared {SF) Depth | Quantity | Total CY Cost Mati Cost Cost Labor Cost Cost Cost Cost
Light Weight Concrete, f'c=3000 psi 26000 5.5" 7 2220 $126.25] $300,475.00) $200,475.00)
Placing elevated slab, All floors purped 26000 5.5" 7 2380 $15.50  $36,890.00 $5.65] $13,447.00] $50,337.00]
Unit Mat Unit Labor Unit Equip. Equip. Total item
Item Area (SF) Depth | Quantity CSF Cost Mat Cost Cost Labor Cost Cost Cost Cost
Bx6-W2.1x W21 26000 55" 7 260 $26.50]  $6,890.00) $23.00]  $5980.00 $12,870.00
Unit Mat Unit Labor Unit Equip. Equip. Total item
Item Area (SF) Depth | Quantity | Total SF Cost Mat Cost Cost Labor Cost Cost Cost Cost
Composite Decking, 2" deap, 18 Gauge 26000 = 5 26000 $3.84  $99,840.00] 50.40]  $10,400.00 50.04]  $1,040.00} $111,280.00
Roof Decking, 1-1/2" deep, 18 Gauge 26000 = 1 26000 S161]  541,860.00) 50.31 $8,060.00 50.03 $780.00 $50,700.00
Subtotals| $503,147.44] $78,406.33 $17,141.25) $598,695.02
Adjusted for Location (0.89) $532,838.57
Desigh Contingency [ 1.5%) $7,992.58
Escalation Contingen cy (3.5%)) $18,649.35
Insurance {3%) $15,985.16|
Bonds [2%) $10,656.77]
Overhead & Profit [10%) $53,283.86
Total Structural Concrete Cost: $639,406.28]
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Summary
Original Structure

Mat'l Labor Equipment Total COST/SF
Foundations $272,327 $59,403 $250 $331,980 $1.90
Superstructure $2,532,939 $1,594,087 $48,370 $4,175,396 $23.86
Total Incl. Additional Costs $27.83
Steel Redesign
Mat'l Labor Equipment Total COST/SF
Foundations $54,082 $17,076 $1,874 $73,033 $0.42
Superstructure $2,669,627 $290,079 $114,563 $3,074,269 $17.57
Total Incl. Additional Costs $19.43

Note: Does not include impact of additional building envelope required. See report for
complete analysis.
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Project General Conditions
General Conditions
ITEM RATE UNIT COST

Vice President $2,250.00 | Week | 4 $9,000.00

Project Executive $2,000.00 | Week | 4 $8,000.00

Senior Superintendent $3,500.00 | Week | 4 $14,000.00

Project Manager $2,500.00 | Week | 4 $10,000.00

Asst. Project Manager $1,500.00 | Week | 4 $6,000.00

Project Administrator $200.00 | Week | 4 $800.00

Safety Coordinator $150.00 | Week | 4 $600.00

Site Labor $1,200.00 | Week | 4 $4,800.00

Telephone Service $100.00 | Mo. |1 $100.00

Temporary Power $12,000.00 | Mo. |1 $12,000.00

Potable Water $75.00 | Mo. |1 $75.00

Temporary Toilets $1,000.00 | Mo. |1 $1,000.00

Field Office Trailer $3,000.00 | Mo. 1 $3,000.00

Construction Site Fence $750.00 | Mo. |1 $750.00

Storage Trailer $200.00 | Mo. |1 $200.00

Equipment $750.00 | Mo. |1 $750.00

Computers $3,000.00 | Mo. |1 $3,000.00

Office Supplies $750.00 | Mo. |1 $750.00

Dumpsters $2,000.00 | Mo. 1 $2,000.00

Mail /Shipping $400.00 | Mo. |1 $400.00

Vehicle Expenses $3,000.00 | Mo. |1 $3,000.00

Misc. Expenses $500.00 | Week | 4 $2,000.00

Total $82,225.00

Note: Average values for G.C. were determined from projects of similar size and scope
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Cong

Slab Reinf
Slab Tendons

Beam Tendons

| Beam Relnf |

Slab /Becm F'W

Original Construction Schedule
2| 4] &) s]10[12[14] 18] 18] 20| 22]24]26-30) 32| 34[38] 38]40-44] 46| 48| 50| 52[54] 56| 58] 0] 62|64 86| 68| 70[ 72| 74| 76| 78] 8082

Concrete

Rebar

Fonm wank

Foundalions
First Floor

Task

Note: Not complete project schedule. Schedule shows planning for single floor only.
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Note: Not complete project schedule. Schedule shows planning for two floors only.
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