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GENERAL INFORMATION ARCHITECTURE
Function: Office/Retail/Parking Garage Retail located on first level
Slze: 555,000 SF (370,000 SF above Two story intricate lobby space with Carrera

grade and 185,000 below grade) marble and Chelmsford granite flooring and

Helght: 130 feet European white oak wood screens
Construction: September 2009-February 2011 Office space located on levels 2-12
Construction Cost: $60 million Roof-top terrace with a green roof
Delivery Method: Design-Bid-Build = Curtain wall exterior fagade comprised of
stainless steel clad aluminum, floor to ceiling
glass windows, and stone curtain panel wall units

Project Team

General Contractor: Clark Construction Group CombinationSocptalifatotygheng hisfand

A bl (o LRt Wi continuous floor to ceiling glass fagade enables

Design Architect: Pei Cobb Freed and Partners Laticalidayli g CRoge tetBthEgbatll AL LRSS Dacs

MEP: GicatdiEnpineeTiny four levels of underground parking
Structural; SK&A Structural Engineers
Civil VIKA, Inc

Owner

Representative: MJ Tyler and Associates

Structural
Foundation:
» Shallow foundation consisting of spread footings,
strap beams, and 5" thick slab on grade
Superstructure:
» Typical floor consists of an 8" thick two-way

flat slab with drop panels

» Framing system is composed of reinforced g erspective of roof-top terrace
g with green roof

concrete columns with an average 30'x30' column
spacing
Perspective of typical offi

* Reinforced concrete moment frame lateral system
to ceiling windows

comprised of two-way flat slab and concrete columns

MEP Systems
HVAC: Lighting/Electrical:
= Direct digital automatic temperature control = 460/265 volt high voltage, 208/120 volt low voltage
= Separate cooling loop on each floor = 7 watts per rentable sf
* Min. one VAV per 450 SF for perimeter zones and * Uses Fluorescent, Metal Halide and LED lighting

one per 1,000 SF for interior zones supplemental cooling

CPEP WEBSITE: http://www.engr,psu.edu/ae/thesis/portfolios/2012/GJJI5014/index. html
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Executive Summary

1000 Connecticut Avenue is a 12 story, 565, 000 GSF commercial office building located at the corner of
K Street and Connecticut Avenue in Washington D.C. The building is used primarily for office space, but
also contains retail space on the first level, commercial office space on levels 3-12, a roof-top terrace
with a green roof, and four levels of underground parking.

For this thesis report, 1000 Connecticut Avenue was re-located to Arlington, Virginia and the existing
two-way flat slab floor system with lateral resisting concrete moment frames was re-designed as a
composite steel floor gravity floor system with lateral resisting moment and braced frames. Before re-
locating the building to Arlington, VA it was found that Washington D.C. has a zoning height limit of 130
ft. With the existing structure having a height of 130 ft., it was found that to use the new steel system
the building would either need to be designed for a reduced number of stories or relocated to a region
that does not have a height limit since the new steel system will increase the floor structural depth. To
use the new steel structural system in Washington D.C., the structure would need to be re-designed for
a reduced number of stories to maintain a minimum floor-to-ceiling height of 8’-6” and to remain within
the restricted 130 ft. height limit. Reducing the number of stories from 12 to 11 was undesirable,
therefore to create a fair comparison between the two systems the building was relocated to Arlington,
VA, which does not have a height limit. The goal of the re-design was to

e increase the bay sizes to open the floor plan layout;

e increase floor-to-floor height to increase the openness of the space;

e Reduce the construction schedule;

e Reduce the structural system cost;

e Increase the annual revenue by increasing the rental value of the space and increasing the
amount of rentable space

When designing the steel framing layout, a uniform layout was created to reduce the number of
required skewed members and wider bays were created by removing certain existing column lines and
relocating columns. Wider bays were created to open the floor plan and to increase the rental value of
the space with reduced column obstructions and more rentable space. Maintaining an open floor layout
was an important aspect of the re-design, therefore for the lateral system moment frames were used to
avoid obstructions in the in the floor plan layout and braced frames were located around the elevator
shafts and stairwell cores. The gravity system was designed as a composite steel system to achieve long
spans while maintaining minimal structural depth. AISC 14™ edition was used to design the gravity frame
members. ETABS was used to analyze and design the lateral system. The lateral system design and
analysis was based on the wind and seismic lateral loads calculated according to ASCE 7-10. The wind
loads were determined by using Analytical Procedure (method 2) outlined in ASCE 7-10 and the seismic
loads were determined by using the Equivalent Lateral Force Procedure outlined in ASCE 7-10. After
designing the gravity and lateral systems, typical member connections were designed. The typical
connections designed were orthogonal and skewed shear connections and a moment frame connection.



After designing the gravity and lateral systems, two breadth studies were conducted to determine how
the new structural system will affect other aspects of the building. The first breath study was
construction management impact. This breadth analyzed the impact of the structural system redesign
on the superstructure cost; construction sequence of the existing system to the proposed construction
sequence of the new structural system; site logistics of steel versus concrete; building LEED certification;
and the anticipated revenue increase from the use of the new structural system. First the cost of the
current structural system was compared to the cost estimate of the new structural system. In this
portion of the analysis it was found that the new structural system will cost $5,994,630 more than the
existing structural system. Second, the new structural system construction schedule was compared to
the existing system construction schedule. It was found that the new structural system was erected 18
days earlier than the existing structural system, thus representing the use of the new system reduced
the construction schedule. Third, how the construction site will have to be managed differently for steel
compared to concrete was be evaluated. Using the existing 1000 Connecticut Avenue existing site for
analysis, it was found that the site will be managed similarly for both materials. Fourth, the building
LEED certification with the use of the new structural system was be compared to the existing building
LEED certification and it after the analysis it was found that the building will maintain LEED Gold
Certification. Last, the revenue obtained from the new structural system with wider bays and higher
floor-to-ceiling heights was compared to the existing structural system’s revenue. Wider bays and higher
floor-to-ceiling heights increased the rental value of the floor space and therefore the building owner
will be able charge higher rent which increased the revenue. The additional revenue obtained from
using the new structural system is $3,705,450. This shows that even though the structural system costs
more than the existing system, the amount of additional revenue obtained from using the new system is
far more beneficial than using the existing system. Therefore the re-designed structural system with
wider bays and floor-to-ceiling heights results in an overall very successful design with a reduced
construction schedule and increased rental value. The proposed steel structural system is a viable
alternative system to use in Arlington, VA since the new system has many additional benefits compared
to the existing concrete structural system.

The second breadth studied was acoustics and lighting impact. This breadth involved determining the
sound treatments required for a typical office space located in the new structural system. The analysis
began by determining the level of speech privacy the common wall barrier between offices provided. It
was shown that a 54 STC rated 8” partition wall with 2-layers of /4” thick gypsum wall board on both
sides, staggered electrical boxes isolated with insulation, and 2 %" metal studs spaced 24” o.c. and is
very adequate for providing speech privacy for the offices housed in the new steel structural system. In
addition, since the new structural system was designed for higher floor-to-ceiling heights, lighting
illuminance applied to the work plane surfaces were affected. As a result, a lighting breadth was
conducted by designing the lighting system for a typical office space using the existing floor-to-ceiling
height of 8’-6” and checking to determine if the same lighting system can be used for the new floor-to-
ceiling height of 10’-6”. AGI was be used to design the lighting system for the space and the average
illuminance in the space was compared to the target illuminance of the space. The IESNA Handbook 10"
edition was used to determine the target illuminance and maximum power density for a private office



space. It was found that the lighting system designed for the space with a floor-to-ceiling height of 8’-6”
also achieved the target lighting illuminance for the space with a floor-to-ceiling height of 10’-6".

The appendices in this report include hand calculations for wind, seismic, snow and gravity loads; gravity
system design; construction management breadth calculations; floor plans and a building section.
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Building Introduction

1000 Connecticut Avenue, NW Office Building is a new 12 story office building located at the northwest
intersection of K Street and Connecticut Avenue in Washington DC, as can be seen in Figure 1. The 1000
Connecticut Avenue Office building is designed to achieve LEED Gold certification upon completion.
Despite being used primarily for office space, the building is comprised of mix occupancies, which
include: office space, a gymnasium, retail, and parking garages. The structure has 4 levels of
underground parking. The building’s total square footage is 555,000 SF with 370,000 SF above grade and
185,000 SF below grade.

Figure 1 Building Site

To create a new Washington landmark, the building is designed to complement surrounding institutions
by blending both traditional and modern materials. The facade consists of a glass, stainless steel and
stone panel curtain wall system. Exterior and interior aluminum and glass storefront windows and doors
are on the ground level. The lobby and retail space are located on the 1st level, which has a 12’-6 1/2”
floor-to-floor story height. A canopy facing K Street brings attention to the main lobby entrance, as can
be seen in Figure 2.

Figure 2 Main Lobby Entrance facing K Street (left) and perspective of curtain wall system (right)

April 4, 2012 1000 Connecticut Avenue | Washington DC



GEA JOHNSON | STRUCTURAL OPTION

Beyond the main entrance is a two story intricate lobby space with carrera marble and Chelmsford
granite flooring, aluminum spline panels integrated with glass fiber reinforced gypsum (GFRG) ceiling
tiles and European white oak wood screens, as can be seen in Figure 3.

Figure 3 Perspective of lobby

The retail space is broken down into several retail stores facing K Street and Connecticut Avenue. These
retail stores are housed behind storefront glass to enable display of merchandise to potential
customers. The 2nd-12th levels have 10’-7 %" floor-to-floor story heights. Housed on the typical levels
(3rd-12th) is the office space. A combination of tall story heights and a continuous floor to ceiling glass
facade enables natural daylight to enter the building space as well as provides scenery to the
Washington monuments, Farragut Park , and the White House, as can be seen in Figure 4.

Figure 4 Perspective of typical office with floor-to-ceiling windows that supply views to
the city

April 4, 2012 1000 Connecticut Avenue | Washington DC
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In addition, located on the penthouse level is a roof-top terrace with a green roof and a mechanical
penthouse, as can be seen in Figure 5.

\»,f@(\

Figure 5 Perspective of green roof on roof-top terrace and mechanical penthouse

Housed on the basement levels (B1-B4) are underground parking and a fitness center. A total of 253
parking spaces are provided; level B1 has 19 parking spaces; level B2 has 74 parking spaces; level B3 has
78 parking spaces; level B4 has 82 parking spaces. In addition, the fitness center is located on level B1.

April 4, 2012 1000 Connecticut Avenue | Washington DC



Existing Structural Overview

1000 Connecticut Avenue Office Building’s structural system is comprised of a reinforced concrete flat
slab floor system with drop panels and a bay spacing of approximately 30 feet by 30 feet. The slab and
columns combined perform as a reinforced concrete moment frame. The substructure and
superstructure floor systems are both comprised of an 8” thick two-way system with #5 reinforcing bars
spaced 12” on center in both the column and middle strips and 8” thick drop panels. The below grade
parking garage ramp is comprised of a 14” thick slab with #5 reinforcing bars provided both top and
bottom with a spacing of 12” on center.

Foundation

ECS Mid-Atlantic, LLC performed a geotechnical analysis of the building’s site soil conditions as well as
provided recommendations for the foundation. A total of five borings were observed in the geotechnical
analysis. It was determined that a majority of the site’s existing fill consists of a mixture of silt, sand,
gravel, and wood. The natural soils consisted of sandy silt, sand with silt, clayey gravel, silty gravel, and
silty sand. The soil varies from loose to extremely dense in relative density. Based on the samples
recovered from the rock coring operations, the rock is classified as completely to moderately
weathered, thinly bedded, and hard to very hard gneiss.

At the time of the study, the groundwater was recorded at a boring depth of 7.5 feet below the existing
ground surface. The shallow water table is located at an elevation of 35 to 38 feet in the vicinity of the
site.

1000 Connecticut Avenue, NW Office Building is supported by a shallow foundation consisting of column
footings and strap beams, as can be seen in Figure 6. The typical column footing sizes are
4’-0”" x4’-0”,5’-0” x 5’-0”, and 4’-0” x 8’-0".
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Figure 6 Details of typical strap beam and column footing



The footings bear on 50 KSF competent rock. The Strap beams (cantilever footings) are used to prevent
the exterior footings from overturning by connecting the strap beam to both the exterior footing and to
an adjacent interior footing. A simplified foundation plan can be seen in Figure 7.

The slab on grade is 5” thick, 5000 psi concrete with 6x6-W2.9xW2.9 wire welded fabric on a minimum
15 mil Polyethylene sheet over 6” washed crushed stone. The foundation walls consists of concrete
masonry units vertically reinforced with #5 bars at 16” on center and horizontally reinforced with #4

bars at 12” on center and are subjected to a lateral load (earth pressure) of 45 PSF per foot of wall
depth.

Figure 7 Foundation plan
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Framing and Floor System

TYPICAL FLOOR PLAN

X

s

-
]
d

(<

Figure 8 Floor plan displaying column locations and bays

The framing system is composed of reinforced concrete columns with an average column-to-column
spacing of 30’x30’, as can be seen in Figure 8. The columns have a specified concrete strength of
f’c=8000 psi for columns on levels B4 to level 3, f'c=6000 psi for columns on levels 4-7, and f'¢c=5000 psi
for columns on levels 8-mechanical penthouse. The columns are framed at the concrete floor, as can be
seen in Figure 9, and the columns vary in size. The most common column sizes are 24”x24”, 16”x48”",
and 24”x30”. The column capitals are 6” thick, measured from the bottom of the drop panel, extending
6” all around the face of the column, as can be seen in Figure 10.

April 4, 2012 1000 Connecticut Avenue | Washington DC
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Figure 9 Typical Detail of column framed at the floor Figure 10 Typical column capital detail

The typical floor system is comprised of an 8” thick two-way flat slab with drop panels reinforced with
#5 bottom bars spaced 12” on center in both the column and middle strips, as can be seen in Figure 11.
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Figure 11 Typical two-way slab reinforcing detail



The individual drop panels are 8” thick, extending a distance d/6 from the centerline of the column, as

can be seen in Figure 12.
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Figure 12 Typical Continuous drop panel

A 36” wide by 3 %" deep continuous drop panel is located around the perimeter on all floor levels.

Levels 3-12 are supported by four post-tension beams above the lobby area. Due to the two story lobby,

there’s a large column-to-column spacing. As a result, post tension beams are used to support the slab

on levels 3-12 located above the lobby. In addition, four post-tension beams support the slab on levels

3-12 that are located above the two-story parking deck, which also has a large column-to-column

spacing, as can be seen in Figure 13.

Figure 13 Plan view and typical detail of Post-tension beams supporting slab on levels above
two-story loading dock

mm-\%— 0.50 L 050 L
o e el o = —
i § i % % i 3 i I1 l___'_'_—-—-_____ -1 i L __;,43__"-'——:—'-': , Ii
| b b bl e N e
nise R [ERY et
E ; il TYPICAL SINGLE SPAN
e N POST TENSIONED BEAM
1o 1 N REINFORCING DETAIL
Yo & | | YL (LONG SPANS)
I ) | T |




Lateral System
The lateral system is comprised of a reinforced concrete moment frame. jL

The columns and slab are poured monolithically, thus creating a rigid |
|
connection between the elements. The curtain wall is attached to the | -

concrete slab, which puts the slab in bending. The curtain wall transfers
the lateral load to the slab. The slab then transfers the lateral load to the

columns and in turn the columns transfer the load to the foundation. |
Transfer girders on the lower level are used to transfer the loads from the |

columns that do not align with the basement columns in order to transfer .

the load to the foundation. A depiction of how the lateral load is
transferred through the system can be seen in Figure 14.

Curtain wall collects the lateral load and |
directly transfers the load to the concrete ||| I

slab |
il
| B e,
The slab transfers the lateral load to the (]
columns .

wg sy

The columns transfer the lateral load to the

‘Ij

foundation

Figure 14 Lateral load path
depiction



Roof System

The main roof framing system is supported by an 8”thick concrete slab with #5 bars spaced 12” on
center at the bottom in the east-west direction. The slab also has 8” thick drop panels. The penthouse
framing system is separated into two roofs: Elevator Machine Room roof and the high roof. The elevator
machine room roof framing system is supported by 14” and 8” thick slab with #7 bars with 6” spacing on
center top and bottom in the east-west direction.

Design Codes

According to sheet S601, the original building was designed to comply with the following:

= 2000 International Building Code (IBC 2000)

= Building Code Requirements for Structural Concrete (ACI 318)

=  Specifications for Structural Concrete (ACI 301)

= Manual of Standard Practice for Detailing Reinforced Concrete Structures (ACl 315)

= Specification for the Design, Fabrication and Erection of Structural Steel for Buildings (AISC
manual), Allowable Strength Design (ASD) method

The codes that were used to complete the analyses within this report are the following:

=  Minimum Design Loads for Building and Other Structures (ASCE 7-10)
»  AISC Steel Construction Manual, 14" Edition, Load and Resistance Factor Design (LRFD) method
= Vulcraft Steel Roof and Floor Deck Manual, 2008



Structural Materials

Table 1 below shows the several types of materials that were used for this project according to the

general notes page of the structural drawings on sheet S601.

Concrete (Cast-in-Place)

Usage Weight Strength (psi)
Spread Footings Normal 4000
Strap Beams Normal 4000
Foundation Walls Normal 4000
Formed Slabs and Beams Normal 5000
Columns Normal Varies (based on column

schedule)
Concrete Toppings Normal 5000
Slabs on Grade Normal 5000
Pea-gravel concrete (or grout) Normal 2500 (for filling CMU units)
All other concrete Normal 3000
Reinforcing Steel

Type Standard Grade

Deformed Reinforcing Bars ASTM A615 60
ASTM A775 N/A

Welded Wire Fabric ASTM A185 N/A
Reinforcing Bar Mats ASTM A184 N/A

Post-Tensioning (Unbonded)

Type Standard Strength (ksi)
Prestressed Steel (seven wire low- | ASTM A416 270
relaxation or stressed relieved
strand)

Miscellaneous Steel
Type Standard Grade
Structural Steel ASTM A36 N/A
Bolts ASTM A325 N/A
Welds AWS N/A

Table 1 Design materials

Gravity Loads

For this technical report, live loads and snow loads were compared to the loads listed on the structural

drawings. In addition, dead loads were calculated and assumed in order to spot check gravity members

and typical columns. The system evaluations were then compared to the original design. The hand

calculations for the gravity member checks can be found in Appendix A.

Dead and Live Loads

Table 2 below is a list of the live loads in which the project was designed for compared to the minimum
design live loads outlined in ASCE 7-10.




Floor Live Loads
Occupancy Design Load (psf) ASCE 7-10
Parking Levels 50 40
Retail 100 100
Vestibules & 100 100
Lobbies
Office Floors 100=(80 psf+ 20 psf 70= (50 psf + 20 psf
partitions) partitions)
Corridors 100 100 on ground level
80 above 1% level
Stairs 100 100
Balconies & 100 100
Terraces
Mechanical Room 150 -
Pump Room, 150 -
Generator Room
Light Storage 125 125
Loading Dock, 350 250
Truck Bays
Slab On Grade 100 -
Green Roof Areas 30 -
Terrace 100 100

Table 2 Summary of design live loads compared to minimum design live loads on ASCE 7-10
Note: - Means the load for the specified occupancy was not provided

Based on the above design live loads, certain spaces were designed for higher loads to create a more
conservative design and to allow for design flexibility. For this technical report, the design live loads
were used for the gravity member analyses.

Snow Load
The snow load was determined in conformance to chapter 7 in ASCE 7-10. A summary of the snow drift
parameters are shown in table 3.

Flat Roof Snow load Calculations
Variable Value
Ground Snow, p, (psf) 25
Temperature, Factor G, 1.0
Exposure Factor, C, 0.9
Importance Factor, |, 1.0
Flat Roof Snow Load, ps 15.75

Table 3 Summary of roof snow calculations



According to structural drawing sheet S601, the flat roof snow load was 22.5 psf whereas 15.75 psf was

calculated in this technical report. The 15.75 psf value was used to determine the snow load and snow

drifts. These subsequent calculations can be found in Appendix A.

Table 4 below is a list of the dead loads that were used for the gravity spot checks. The superimposed

dead loads for the floor levels and roofs were assumed.

Dead Loads
Normal Weight Concrete 150 pcf
Curtain Wall 250 plf
Precast Panels 450 plf
Floor Superimposed Dead Load (ceiling, lights, 10 psf
MEP, miscellaneous)
Main Roof Superimposed Dead Load (ceiling, 10 psf
lights, MEP, miscellaneous)
Penthouse Roof Superimposed Dead Loads 5 psf

Table 4 Summary of dead loads

Lateral Loads

In this report, wind and seismic lateral loads were calculated to determine the loads acting on the

structure’s lateral system. To perform manual calculations for determining the lateral loads, simplifying

assumptions were made. In addition, it was determined how much of the story force was distributed to

each moment frame, which will be discussed later in this report. The hand calculations associated with

the wind and seismic loads determination can be found in Appendices B and C.

Wind Loads

Wind loads were determined using the Main Wind Force Resisting System (MWFRS) procedure (method

2) in conformance to Chapters 26 and 27 outlined in ASCE 7-10. Due to the building’s complex geometry,




a rectangular building shape was assumed to simplify the wind load analysis, as can be seen in Figure 17.
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Figure 17 Simplified building shape for wind load analysis

Most of the calculations for determining the wind pressures and story forces were performed in
Microsoft Excel. In the analysis, windward, leeward, sidewall, and roof suction pressures were
determined. Internal pressures were neglected in calculating the design wind pressure because internal
pressures do not contribute towards the external wind pressures acting on the building.

The general wind load design criteria and guest effect factors can be found in Tables 5 and 6. The
calculated approximate lower- bound natural frequency for the building was 0.544 Hz, which is less than
1 Hz, therefore the gust factors were calculated in the event the building is flexible.

Further, wind pressures in the N-S and E-W directions can be seen in Tables 7 and 8 with the
corresponding vertical profile sketch of the wind pressures shown in Figures 18 and 19. The story forces
were then determined based on the wind pressures. The resulting base shears were 1401 k for the N-S
direction and 553 k in the E-W direction. The story forces and overturning moments for both the N-S and
E-W directions can be found in Tables 9 and 10 along with the vertical profile of the story forces in
Figures 20 and 21.



General Wind Load Design Criteria

Design Wind Speed, V

Directionality Factor, K;- MWFRS
Directionality Factor, K- Mechanical PH

Exposure Category
Topographic Factor, K,

Internal Pressure Coeficient, GCj;

115 mph

0.85
0.9
B
1.0
0.18

Table 5 General wind design criteria

Gust Factor-MWFRS

M-5 Wind

E-W Wind

Levels 1-2

Levels 3-12

Levels 1-2

Levels 3-12

0.861

0.861

0.345

0.926

Gust Factor-Mechnical Penthouse

M-5 Wind

E-W Wind

0.85

0.85

Table 6 Guest Factors

ASCE 7-10, Fig. 26.5-1A
ASCE 7-10, Thl. 26.6-1
ASCE 7-10, Thl. 26.6-1
ASCE 7-10, Sect. 26.7.3
ASCE 7-10, Sect. 26.8.2
ASCE 7-10, Thl. 26.11-1




Wind Pressures - N-5 Direction

Distances | Wind Pressure
Type Floor (ft) (psf)

0 11.30

2 12.54 11.30

3 23.17 13.08

4 33.79 15.06

5 4442 16.06

] 55.04 16.85

7 65.67 17.64

a8 76.29 18.43

9 86.92 19.03
10 97.54 19.62
11 108.17 20.61
12 118.79 20.61
windward Walls | Main Roof 130 21.61
Leedward Walls | Levels1-2 | 0to23.17 -13.50
Level 3-12 |23.17t0 130 -13.50
Side Walls All All -18.91
MN/A 0to 65 -32.52
Roof M/A 65 to 130 -20.20
MN/A 130-260 -17.61

N/A >260 N/A

Table 7 N-S Wind Pressures



32.52 psf

20.20 psf
L 17.61 psf
Main Roof
21.61 psf
12th level
20.61 psf 11 Level
10th Level
19.62 psf 9th Level 13.50 psf
19.03 psf 8th Level
18.43 psf 7th Level
17.64 psf 6th Level
16.85 psf 5th Level
16.06 psf 4th Level
15.06 psf 3rd Level
13.08 psf 2nd Level
13.50 psf
11.30 psf 1st Level

Figure 18 N-S wind pressure vertical pressure sketch



Wind Pressures - E-W Direction

Distances | Wind Pressure
Type Floor (ft) (psf)
1 a 12.40
2 12.54 12.40
3 23.17 14.07
4 33.79 16.20
5 44.42 17.27
6 55.04 158.12
7 65.67 18.97
8 76.29 19.83
9 86.92 20.47
10 97.54 21.11
11 108.17 22.17
12 118.79 22.17
windward walls | Main Roof 130 23.24
Leedward Walls | Levels1-2 | 0to23.17 -8.03
Level 3-12 | 23.17 to 130 -8.51
Side Walls Levels1-2 | 0to23.17 -20.75
Levels 3-12 | 23.17 to 130 -20.33
MfA 0Otobs -26.14
Roof NSA 65 to 130 -26.14
MfA 130-260 -14.52
N/A =260 -8.71

Table 8 E-W wind pressures



26.14 psf

Main Roof

23.24 psf

22.17 psf

21.11 psf
20.47 psf
19.83 psf
18.97 psf
18.12 psf
17.27 psf
16.20 psf
14.07 psf

12.4 psf

12th Level

11 Level

10th Level

9th Level

8th Level

7th Level

6th Level

5th Level

4th Level

3rd Level

2nd Level

8.

1st Level

Figure 19 E-W vertical wind pressure profile

8.51| psf

3 psf



Wind Forces - N-5 Direction

Tributary Below Tributary Above Story Force |Story Shear Overturning
Floor  |Elevation (ft) | Height (ft) | Length (ft)| Area (ft%) |Height (ft)| Length (ft) | Area(ft’) {Kips) {Kips) Moment (K-ft)
PH Roof 148.5 18.5 199.83 3696.80 0 199.83 1] 142.82 142.82 21208.42)
Main Roof 130 5.31 314.58 1671.21 1] 314.58 ] 58.68 201.459 7627.83
12 118.79 531 314.58 1671.21 5.31 314.58 1671.21 115.69 317.19 13743.40
11 108.17 5.31 314.58 1671.21 5.31 314.58 1671.21 114.04 431.23 12335.55
10 97.54 5.31 314.58 1671.21 5.31 314.58 1671.21 112.38 543.61 10961.76
9 86.92 5.21 314.58 1671.21 5.31 314.58 1671.21 109.73 0653.34 9537.91
8 76.29 531 314.58 1671.21 5.21 314.58 1671.21 107.74 761.09 8219.83
7 05.67 531 314.58 1671.21 5.21 314.58 1671.21 105.43 B866.21 6923.30
6 55.04 531 314.58 1671.21 5.31 314.58 1671.21 102.78 969.29 5656.76
5 44,42 531 314.58 1671.21 5.21 314.58 1671.21 100.13 1069.41 A447.57
4 33.79 5.31 314.58 1671.21 5.31 314.58 1671.21 57.14 1166.56 3282.49
3 23.17 5.31 314.58 1671.21 5.31 314.58 1671.21 92.17 1258.73 2135.69
2 12.54 6.27 314.58 1972.42 5.31 314.58 1671.21 53.35 1352.08 1170.63
1 1] ] 314.58 0.00 6.27 314.58 1972.42 48.92 1401.00 0.00

Total Base Shear= 1401 K
Total Overturning Moment = 107,251 K-ft

Table 9 N-S Story forces, base shear, and overturning moment




Penthouse Roof

142.82 k
Main Roof

58.68 k

12th Level

115.69 k
11 Level

114.04 k
10th Level

112.38k
9th Level

109.73k
107.74k

8th Level

7th Level

105.43 k
6th Level

102.78 k
5th Level

100.13 k
4th Level

97.14 k
3rd Level

92 .17k

04,35k 2nd Level

1st Level

48.92 k

1401 k

~_

107,251 k-ft

Figure 20 Vertical profile of story forces in N-S direction



Wind Forces - E-W Direction

Tributary Below Tributary Above Story Force |Story Shear | Overturning
Floor |Elevation (ft) [Height (ft)| Length (ft) | Area (ft’) | Height (ft) |Length (ft) | Area (f) | (Kips) {Kips) | Moment (K-ft)
PH Roof 148.5 18.5 59.83 1106.86 ] 59.83 0 42,76 42.76 6345.50
Main Roof 130 5.31 147 780.94 ] 147 0 27.57 70.33 3583.67
12 118.79 231 147 780.94 3.31 147 780.94 48,75 115.08 5791.43
11 108.17 531 147 780.94 5.31 147 780.94 47.92 167.00 5183.62
10 97.54 5.31 147 780.94 5.31 147 780.94 47.09 214.09 4593.03
9 86.92 531 147 780.94 5.31 147 780.94 45.76 259.85 3977.18
8 76.29 531 147 780.94 5.31 147 780.94 44.76 304.60 3414.58
7 65.67 5.31 147 780.94 5.31 147 780.94 43.59 348.20 2862.72
6 35.04 231 147 780.94 3.31 147 780.94 42.26 390.46 2326.03
5 44.42 5.31 147 780.94 5.31 147 780.94 40.93 431.39 1818.06
4 33.79 5.31 147 780.94 5.31 147 780.94 39.43 470.82 1332.35
3 23.17 531 147 780.94 5.31 147 780.94 36.56 507.38 847.10
2 12.54 6.27 121.75 763.37 5.31 121.75 646.30 29.50 537.27 374.88
1 0 0 121.75 0.00 6.27 121.75 763.37 15.60 552.87 0.00
Total Base Shear = 553K
Total Overturning Moment = 42,455 K-ft

Table 10 E-W Story forces, base shear, and overturning moment




Penthouse Roof

42.76 k

Main Roof

2778 K 12th Level

48.756
11 Level

47.92 k
10th Level

47.09 k
9th Level

45.76 k
8th Level

44.76 k
7th Level

43.59 k
6th Level

42.26 k
5th Level

40.93 k
4th Level

39.43 k
3rd Level

36.56 k
2nd Level

29.90 k

1st Level

15.60 k

553 k

M

42,455 k-ft

Figure 21 Vertical profile of story forces in E-W direction



Seismic Loads

Seismic loads were determined using the Equivalent Lateral Force Procedure outlined in Chapters 11
and 12 in ASCE 7-10. For analysis, the 1% level weight was neglected and thus the 2"-12" levels, main
roof, and penthouse were considered for building weight calculations. The typical floor level slab
thickness is 8” with small areas consisting of 12” slabs. For calculation simplification, a uniform slab
thickness of 8” was used.

Since the lateral resisting system consists of a reinforced concrete moment frame in both the N-S and E-
W directions, one analysis was performed to determine the seismic story forces and base shear for both
directions.

Since this building has several stories above grade, building weight was determined by calculating the
dead weight for the typical floor level and applying that story weight to the other floor levels (levels 2-
12). The weight on the main roof and penthouse roof were calculated separately. The weight included
for summing the total building weight were the weight of the slabs, columns, drop panels, and
superimposed dead loads.

After the analysis, the determined base shear was 1001 kips and an overturning moment of 95,973 K-ft.
Refer to Table 11 for seismic force analysis results.



Seismic Forces

Height to level i| Story Height | Story Weight Story Force | Story Shear | Overturning Moment
h; hy W i Vi M

level i (ft) (ft) (kips) iyt Cax (kips) (kips) (k-ft)
PH Roof 0 148.0 7e4|  TT93H 0.034 34 34 5036
Main Roof a 129.5 4000 3434311 0.150 150 184 19417
12 10.63 118.8 4737 3610992 0.157 158 342 18741
11 10.63 108.2 4737 370303 0.138 138 480 14952
10 10.63 97.6 A4737| 2746158 0.120 120 600 11703
9 10.63 87.0 4737 2339639 0.102 102 702 8884
8 10.63 76.3 4737 1952037 0.085 85 788 6506
7 10.63 65.7 4737 1584929 0.069 69 8&7 4547
6 10.63 551 4737 1240295 0.054 54 911 2982
4 10.63 44.4 4737|  920716[  0.040 40 951 17486
4 10.63 338 4737 629751 0.027 28 973 930
3 10.63 232 A737| 372723 0.016 16 995 37T
2 12.54 12.5 44531 149344 0.007 7 1001 82

E= SB65TT 22930529 1004 95973

Table 11 Story forces, base shear, and overturning moment due to seismic loads




Problem Statement

1000 Connecticut Avenue’s structural system currently consists of a two-way flat slab floor system
supported by concrete columns with an average spacing of 30ft x 30 ft. The current lateral system
consists of concrete moment frames comprised of the concrete columns and the two-way flat slab
system. The in-depth analyses performed in technical reports 1-3 showed that the existing structural
system is adequate to support the combined lateral and gravity loads and meets serviceability
requirements.

The author of this report was extremely interested in steel design. Therefore a scenario was created in
which 1000 Connecticut Avenue NW Office Building was re-located to Arlington, VA and re-designed as a
steel frame system consisting of two lateral systems: moment frames and braced frames. The new
structural system will be analyzed to determine whether:

e the overall building cost can be reduced;

e the construction schedule can be reduced,;

e LEED certification will remain unchanged;

e the bay sizes and floor-to-ceiling heights can be increased;
e the annual revenue can be increased

Since the existing 12 story structure is located in Washington DC, which has a zoning building height
restriction of 130 ft., in order to use the new steel system the structural system will have to be designed
as 11 stories to stay within the height limit or re-located to an area that does not have a height
restriction. To make a fair comparison between the two systems, the building will be re-located to
Arlington, VA so that the new structural system can be designed as 12 stories.

The major design differences between the existing structural system and the proposed structural system
can be seen below.

e The steel structural system will increase the structural depth and therefore to maintain a
minimum floor-to-ceiling height of 8'-6” the overall building height will need to be increased.
Since the building height is currently 130 ft., the building height cannot be increased with the
existing 12 stories. As a result, the number of stories will have to reduce to 11 to stay within the
height limitation or the building will have to be re-located.

e The current column layout is non-uniform and therefore to reduce the number of skewed
connections with using the new steel structural system, a uniform framing layout will need to be
created by removing and re-locating columns to create a uniform layout.

e The alternative lateral systems will be subjected to different seismic loads; therefore the seismic
loads will need to be re-calculated for the new system.

e To maintain a minimum floor-to-ceiling height of 8’-6”with the use of the new structural system,
the floor-to-floor height will need to increase. As a result of increasing the floor-to-floor height,
the wind loads for the new system will need to be recalculated.

o The steel system will be subjected to more vibration.



e The structural steel system is more flexible and therefore braced frames will be needed to resist
lateral loads.



Proposed Solution

1000 Connecticut Avenue’s structural system will be re-designed as a steel framing system. The lateral
force resisting system will consist of moment frames around the perimeter and in the core of the
building and concentric braced frames will be located around the elevator shafts and stairwell cores. The
lateral force resisting beams that connect the columns in the moment frame will be designed as non-
composite beams. After calculating the wind and seismic loads for the new structural system, the new
lateral system will be modeled and analyzed in ETABS for both seismic and wind loads.

A composite beam/girder system with composite deck will be used for the gravity system. To use this
gravity floor system, the building height will need to increase since the structural depth for each level
will increase. 1000 Connecticut Avenue is currently 130 feet and the zoning height restriction in
Washington DC is 130 ft. Therefore to use the composite steel beam/girder floor system the number of
stories will need to be reduced from 12 to 11 to maintain high floor-to-ceiling heights and to remain
within the restricted height limit or the building will have to be re-located. Therefore, the structural
system will be designed as 12 stories by re-locating the building to Arlington, VA, which does not have a
zoning height restriction. In addition, to decrease the number of skewed connections, columns will be
re-located to create a more uniform framing layout, certain column lines will be removed to create
wider bays, and the new structural system will be designed for higher floor-to-floor heights.



MAE Material Incorporation

For re-designing 1000 Connecticut Avenue’s new structural system, material learned in two MAE
courses were used. The lateral system was modeled, analyzed, and designed in ETABS using material
learned in AE 597A (Computer Modeling). In addition, material learned in AE 534 (Steel Connections
Design) was used to design the typical orthogonal and skewed shear connections and a typical moment
connection. Each connection was designed and checked based on each connection’s limit states. Both
the lateral system and connection designs can be seen in the “Structural Depth: Steel Re-designs”
section.

Breadth Studies

The integrated studies taught in the Architectural Engineering Program were incorporated in the report
by conducting two breadth studies. The first breath studied was construction management Impact. This
breadth will analyze the impact of the structural system redesign on the total building cost; construction
schedule; site logistics of steel versus concrete; building LEED certification; and the anticipated revenue
increase from the use of the new structural system. First, the current cost estimate will be compared to
the cost estimate of the new structural system. Second, the new structural system construction
schedule will be compared to the existing system construction schedule. Third, how the construction
site will have to be managed differently for steel compared to concrete will be evaluated. Fourth, the
building LEED certification with the use of the new structural system will be compared to the existing
building LEED certification. Last, the revenue obtained from the new structural system with wider bays
and higher floor-to-ceiling heights will be compared to the existing structural system’s revenue. Wider
bays and higher floor-to-ceiling heights will increase the rental value of the floor space and therefore
the building owner will be able charge higher rent, which will potentially increase revenue.

The second breadth studied was acoustics and lighting impact. This breadth will involve determining the
sound treatments required for a typical office space housed in the new structural system. Based on the
sound treatments in the space, the sound transmission class (STC) and noise reduction (NR) values will
be determined for the typical office space. In addition, since the new structural system will be designed
for higher floor-to-ceiling heights, lighting illuminance applied to the work plane surfaces will be
affected. As a result, a lighting breadth will be conducted by designing the lighting system for a typical
office space using the existing floor-to-ceiling height of 8’-6” and checking to determine if the same
lighting system can be used for the space with a new floor-to-ceiling height of 10’-6”. AGI will be used to
design the lighting system for the space and the average illuminance in the space will be compared to
the target illuminance. The IESNA Handbook 10" edition was used to determine the target illuminance
and maximum power density for a private office space. Both spaces with the lighting system layout will
be represented through renderings.



Structural Depth: Steel Re-Designs

Gravity System Design

To begin the structural system re-design, the framing layout and lateral system locations were
determined. The goal of the re-design was to increase the rental value of the building space by creating
wider bays and higher floor-to-ceiling heights. As a result, certain column lines that were in the existing
structural layout were removed to increase the bay sizes and columns were re-located to create a
uniform framing layout to reduce the number of required skewed connections. After designing the
framing layout, a 3VLI20 composite deck was chosen for the design. The new framing system layout can
be seen in Figure22.
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Figure 22 Typical framing plan layout
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When designing the framing layout, it was found that skewed members will be needed to transition the
framing layout to the portion of the building that is tilted 25 degrees counterclockwise from North axis.
When initially designing the framing layout, the section located between column lines 2’ and 4’ was
designed as can be seen in Figure 23. This design was then changed to the final design to avoid spanning
the members at sharp, acute angles. As a result, column line 3 was added to increase the skewed angle
and to decrease the span length of the beam members spanning into the girders at skewed angles. As a
result of adding the additional column line, the beams were designed using smaller beam sections to



support the loads. In addition, according to “Orthogonal and Skewed Shear Connections Design and
Detailing Requirements” article most skewed members carry less tributary area, therefore when
creating the framing layout the system was designed so that only beam members will be connected at
skewed angles where necessary. The girders throughout the framing layout are all connected at
orthogonal angles with the exception of two girders.

Figure 23 Original (left) and final (right) design of framing layout in tilted building region

After creating the framing layout, the moment frame and brace frame locations were determined. Five
moment frames were chosen to resist the lateral loads in the East-West direction. Three of the moment
frames are located around the perimeter of the building and two of the moment frames are located in
the core of the building. To resist the lateral loads in the North-South direction, two moment frames
located around the perimeter of the building and four braced frames located around the elevator shafts
and stairwell cores were used. Moment frames were used to maintain an open floor plan without any
obstructions. To avoid obstructions in the floor plan, the braced frames were located around the
elevator shafts and elevator cores, where there are no openings and to keep the floor layout open. The
moment frame and brace frame locations can be seen in Figure 24.
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Figure 24 Floor plan with moment frames indicated in blue and braced frames indicated in red

After creating the framing layout, the composite beam and girder gravity system was designed manually
using AISC 14™ edition. Since the framing layout consists of varying bay sizes, the members were
designed for each bay. The framing layout with member sizes can be seen in Figures 25 and 26. The
calculations for the gravity system design can be found in Appendix A.
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Figure 25 Typical framing plan A with frame sections
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Figure 26 Typical framing plan B with frame sections

After designing the gravity system, the floor-to-floor height was chosen to be increased from the
existing 10’-7” to 15’-0”. The increased floor-to-floor height will increase the building height from 130ft
to 180 ft. The purpose of this height increase was to maintain high floor-to-ceiling heights while taking
into account the increase in structural depth due to the gravity members. The existing system has a
floor-to-ceiling height of 8’-6”, but after increasing the floor-to-floor height to 15’-0” in the new
structural system a floor-to-ceiling height of 10’-6" will be achieved. The higher ceiling height will
increase both the openness and rentable value of the space.

After increasing the floor-to-floor height, the columns were designed as two tiers. This represents the
columns will be spliced every two stories. Designing the columns as 4 tiers would result in a shipment on
site of 60ft long columns, which is undesirable. Therefore, the columns were designed as 2 tiers to
decrease the length of the columns shipped to the construction site and to decrease cost by using
smaller columns sections throughout the height of the building. The gravity columns were designed
using AISC 14" edition and using the assistance of Microsoft Excel. The gravity column calculations can
be seen in Appendix A. The gravity column schedule can be seen in Table 12.



GRAVITY COLUMN SCHEDULE
COLUMN MARK 13 25 36 39 40 41 42 43 44 45 46 47 52 53 54
COLUMN SIZE  [AS NOTED |AS NOTED|AS NOTED |AS NOTED{AS NOTED|AS NOTED|AS NOTED |AS NOTED|AS NOTED|AS NOTED|AS NOTED[AS NOTED |AS NOTED|AS NOTED |AS NOTED
PENTHOUSE ROOF
ELEV. MACH. ROOM
MAIN ROOF
12TH FLOOR
Wi4x43 | WI14x61 | Wildx48 | Wi1dx53 | Wildxd3 | Wldx43 | Wi4x43 | Widx43 | Wi4xds | Wildx43 | Wildx43 | Wl4x43 | Wldx43 | Widx43 | Widx43
11TH FLOOR
10 FLOOR
W14x61 | W14x74 | WI14x68 | W14x82 | Widx61 | Wldx43 | Wldx43 | Wildx43 | WI14x68 | Wildx43 | Wildx61 | Wi1dx61 | Wldx43 | Wildx43 | Widx43
5TH FLOOR
8TH FLOOR
WI14x61 | WI14x90 | WIL4x90 | W14x99 | WIL4x90 | W14x43 | Wldx43 | WLx43 | WI14x50 | WIl4x48 | WI4x68 | WI14x82 | W14x33 | WI14x48 | WIL4x53
7TH FLOOR
6TH FLOOR
W14x82 | W14x109 | WIL4x99 | W14x132 | WIL4x99 | W14x43 | Wil4x43 [ WI4x61l | W14x109 | WI4x61l | WI14x50 | W14x30 | WI14x61 | WI14xbl | WIl4x6l
STH FLOOR
ATH FLOOR
W14x90 | Wldx132 | Widx120 | W14x1539 | Widx120 | W14x53 | WI14x53 [ Wildx61 | Wi1dx132 | Wildx61 | Wi14x50 | W1dx109 | WI14x68 | Wldx61 | Wildx63
3RD FLOOR
2ND FLOOR
W14x99 | W14x159 | Wildx145 | W14x193 | Widx145 | W14x61 | WIldx61 [ WI1dx68 | W1dx145 | Wildx74 | Widx109 | Wi1dx132 | W14x82 | WI14x68 | Wildx82
1ST FLOOR

Table 12 Gravity column schedule

After designing the gravity floor system and gravity columns, a typical orthogonal connection and a

typical skewed shear connection was designed. A double angel was used for the orthogonal shear

connection. According to the “Orthogonal and Skewed Shear Connections Design and Detailing

Requirements” article, the preferred skewed connections for economy and safety are single plates and

end plates. As a result, an end plate skewed shear connection was designed in accordance to AISC 14™

edition and the “Orthogonal and Skewed Shear Connections Design and Detailing Requirements” article.

The typical shear connections can be seen in Figure 27. The design of the typical shear connections can

be seen in Appendix D.



| I I I I I I I | |
| W2Tx84 W1Bx26 i
| (Ag92) (A952) | |
|il i STD. BOLTS o Fom poure
@— i 4 = o | 2as j o
ek Arbadeh ‘ Tl e
waon__ i n =
E 23
i
e )
E TYPICAL ORTHONGONAL SHEAR CONNECTION
i e o - e —
@,i,f Al I £
Wiy wabca v wam iy
i F 5 H i N E N
e G ] DX
w3 wilona H waaren B i —
E E E F
e w-;.an £y rham e wm wrae
@ ! ; \ \ .
o T i 7 i [ B
S
® @ @& ®6 @ ® ©
)

Figure 27 Typical shear connections
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Lateral System Design

The lateral- force resisting beams that connect the columns were designed as non-composite. To begin
the design of the lateral system, the member sizes were estimated by designing the beams, girders, and
columns for gravity loads only and using AISC 14™ edition. The estimated moment frame member sizes
can be seen in Appendix A. After estimating the member sizes, the wind loads and seismic loads were
calculated for the new structural system. The wind and seismic load calculations can be found in
Appendices B and C.

Wind loads were determined using the Main Wind Force Resisting System (MWFRS) procedure (method
2) in conformance to Chapters 26 and 27 outlined in ASCE 7-10. Due to the building’s complex geometry,
a rectangular building shape was assumed to simplify the wind load analysis, as can be seen in Figure 17.

Most of the calculations for determining the wind pressures and story forces were performed in
Microsoft Excel. In the analysis, windward, leeward, sidewall, and roof suction pressures were
determined. Internal pressures were neglected in calculating the design wind pressure because internal
pressures do not contribute towards the external wind pressures acting on the building.

The general wind load design criteria and guest effect factors can be found in Tables 13 and 14. The
calculated approximate lower- bound natural frequency for the building was 0.417 Hz, which is less than
1 Hz, therefore the gust factors were calculated in the event the building is flexible.

General Wind Load Design Criteria
Design Wind Speed, V 115 mph ASCE 7-10, Fig- 26.5-1A
Directionality Factor, K - MWFRS 0.85 ASCE 7-10, Tbl. 26.6-1
Directionality Factor, K4- Mechanical PH 0.9 ASCE 7-10, Thl. 26.6-1
Exposure Category B ASCE 7-10, Sect. 26.7.3
Topographic Factor, K, 1.0 ASCE 7-10, Sect. 26.8.2
Internal Pressure Coeficient, GCy 0.18 ASCE 7-10, Thl. 26.11-1

Table 13 General wind design criteria

Gust Factor-MWFRS
M-5Wind E-W Wind
Levels 1-2 Levels 3-12 |Levels 1-2 Levels 3-12

0.895 0.894 0.994 0.972
Gust Factor-Mechnical Penthouse

N-5 Wind E-W Wind
0.85 0.85

Table 14 Gust factors for the Main Wind Force Resisting System



Further, wind pressures in the N-S and E-W directions can be seen in Tables 15 and 16 with the
corresponding vertical profile sketch of the wind pressures shown in Figures 28 and 29. The story forces
were then determined based on the wind pressures. The resulting base shears were 2119 kips in the N-S
direction with an overturning moment of 218,031 kip-ft and 850 kips in the E-W direction with an
overturning moment of 88,086 kip-ft. The story forces and overturning moments for both the N-S and E-
W directions can be found in Tables 17 and 18 along with the vertical profile of the story forces shown
Figures 30 and 31.

Wind Pressures - N-5 Direction
Distances | Wind Pressure
Type Floor (ft) (psf)
0 11.74
2 15 11.74
3 30 14.42
4 45 16.69
3 60 17.51
& 75 15.16
7 50 15.78
B8 105 21.43
9 120 21.43
10 135 22.46
11 150 23.28
12 165 24,11
windward Walls | Main Roof 130 24.11
Leedward Walls | Levels1-2 0to30 -15.07
Level 3-12 30 to 180 -15.05
Side Walls All All -21.07
NSA 0to 50 -39.13
Roof NSA 90 to 180 -21.07
N/A 180-360 N/A
N/A >360 N/A

Table 15 Wind pressures in North-South direction



39.13 psf

21.07 psf

Main Roof

24.11 psf

23.28 psf

22.46 psf
21.43 psf

21.43 psf
19.78 psf

19.16 psf
17.51 psf
16.69 psf

14.42 psf

11.74 psf

12th lLevel

11 Level

10th Level

9th Level

15.07 psf

8th Level

7th Level

6th Level

5th Level

4th Level

3rd Level

2nd Level

1st Level

15.05 psf

Figure 28 Vertical profile of wind pressure distribution in North-South direction



Table 16 Wind pressures in East-West direction

Wind Pressures - E-W Direction
Distances | Wind Fressure
Type Floor (ft) (psf)
1 0 13.04
2 15 13.04
3 30 15.66|
4 45 18.13
5 60 19.02
6 75 20.81
7 S0 21.453
8 105 23.27
9 120 23.27
10 135 24.39
11 150 25.29
12 165 26.18
windward walls | Main Roof 180 26.18
Leedward Walls | Levels1-2 0to 30 -5.07
Level 3-12 | 30to 180 -9.59
Side Walls Levels 1-2 0to 30 -23.43
Levels 3-12 | 30to 180 -22.91
NfA 0to 90 -31.29
Roof MNfA 90 to 180 -28.54
N/A 180-360 -17.28
NfA =360 NSA
31.29 psf
28.54 psf

Main Roof

17.28 psf

26.18 psf

25.29 psf

24.39 psf
23.27 psf
23.27 psf
21.48 psf
20.81 psf
19.02 psf
18.13 psf
15.66 psf

13.04 psf

12th Level

11 Level

10th Level

9th Level

8th Level

7th Level

6th Level

5th Level

4th Level

3rd Level

8.51| psf

2nd Level

1st Level

u.{: psf

Figure 29 Vertical profile wind pressure distribution in East-West direction



Wind Forces - N-5 Direction

Tributary Below Tributary Above Story Force |Story Shear COverturning
Floor |Elevation (ft) | Height (ft) | Length(ft) | Area(ft’) |Height (ft)| Length (ft) | Area(ft’) {Kips) {Kips) Moment (K-ft)
PH Roof 198.5 18.5 199.83 3696.86 ] 199.83 ] 152.81 152.81 30333.53
Main Roof 180 7.50 314.58 2359.35 ] 314.58 ] 92.39 245.20 16629.72
12 165 7.50 314.58 2359.35 7.50 314.58 2359.35 184.77 429,98 30487.83
11 150 7.50 314.58 2359.35 7.50 314.58 2359.35 182.83 612.81 27424.52
10 135 7.50 314.58 2359.35 7.50 314.58 2359.35 179.02 791.83 24167.77
9 120 7.50 314.58 2359.35 7.50 314.58 2359.35 174.57 966.39 205947.90
8 105 7.50 314.58 2359.35 7.50 314.58 2359.35 172.14 1138.53 18074.19
7 90 7.50 314.58 2359.35 7.50 314.58 2359.35 168.25 1306.77 15142.14
1] 75 7.50 314.58 2359.35 7.50 314.58 2359.35 162.90 1469.67 12217.39
5 60 7.50 314.58 2359.35 7.50 314.58 2359.35 157.55 1627.22 9453.06|
4 45 7.50 314.58 2359.35 71.50 314.58 2359.35 151.72 1778.94 6827.28]
3 30 7.50 314.58 2359.35 7.50 314.58 2359.35 144.43 1923.37 4332.76]
2 15 7.50 314.58 2359.35 7.50 314.58 2359.35 132.84 2056.20 1992.56)
1 0 0 314.58 0.00 7.50 314.58 2359.35 63.26 2119.46 0.00]

Total Base Shear = 2119 K
Total Overturning Moment= 218,031 K-ft

Table 17 N-S Story forces, base shear, and overturning moment

Penthouse Roof

152.81 k

92 .39 k Main Roof
184.77 kK 12th Level

182.83 k 11 Level
179.02k 10th Level
174.57 k 9th Level
172.14 k 8th Level
168.25 k 7th Level
162.90 k 6th Level
157.55 Kk 5th Level
151.72 k 4th Level

144.43 k 3rd Level
132.84k 2nd Level

63.26 k 1st Level

2119 k

218,

Figure 30 Vertical profile of story forces in N-S direction

031 k-ft



Wind Forces - E-W Direction

Tributary Below Tributary Above Story Force |Story Shear | Overturning

Floor |Elevation {ft) | Height (ft) | Length (ft) Area (ff) | Height (ft) | Length (ft)| Area (fF) | (kips) {Kips) | Moment (K-ft)
PH Roof 198.5 18.5 58.83 1106.86 0 59.83 0 45.75 45,75 9081.99
Main Roof 180 7.50 147 1102.50 0 147 0 35.48 85,23 7106.20]
12 165 7.50 147 1102.50 7.50 147 1102.50 78.87 164.11 12014.26
11 150 7.50 147 1102.50 7.50 147 1102.50 771.85 241.99 11683.12
10 135 7.50 147 1102.50 7.50 147 1102.50 75.91 317.91 10248.36
3 120 7.50 147 1102.50 7.50 147 1102.50 73.69 391.60 B8843.20|
8 105 7.50 147 1102.50 7.50 147 1102.50 72.46 464.06 7608.28|
7 90 7.50 147 1102.50 7.50 147 1102.50 70.45 534.55 6343.75
6 75 7.50 147 1102.50 7.50 147 1102.50 67.77 602.32 5082.92]
5 60 7.50 147 1102.50 7.50 147 1102.50 65.06 667.38 3903.51
4 45 7.50 147 1102.50 7.50 147 1102.50 62.10 729.48 2794.41)
3 30 7.50 147 1102.50 7.50 147 1102.50 57.82 787.30 1734.74
2 15 7.50 121.75 913.13 7.50 121.75 913.13 42,78 830.08 641.67
1 ] 1] 121.75 0.00 7.50 121.75 913.13 20.15 850.27 0.00

Total Base Shear = BSOK
Total Overturning Moment= = 88,086 K-ft

Table 18 E-W Story forces, base shear, and overturning moment

39.48 k

47.75 k

Penthouse Roof

Main Roof

78.87 K

12th Level

11 Level

77.89 k
75.91 k

10th Level

73.69 k

9th Level

72.46 k

8th Level

7th Level

70.49 k

6th Level

67.77 k
65.06 k

5th Level

4th Level

62.10 k
5§7.82 k

3rd Level

2nd Level

42.78 k

1st Level

20.19 k

850 k

S |

88,086 k-ft

Figure 31 Vertical profile of story forces in E-W direction



Seismic loads were determined using the Equivalent Lateral Force Procedure outlined in Chapters 11
and 12 in ASCE 7-10. For analysis, the 1* level weight was neglected and only the 2"-12" levels, main
roof, and penthouse were considered for building weight calculations. For determining the seismic
loads, the member self-weights (including the beams, girders and columns) were assumed to be 15 psf.
Since the lateral system consists of a dual system with the combined use of moment frames and braced
frames, seismic loads were calculated separately for the North-South and East-West directions. The
seismic story forces and overturning moments for the N-S and E-W directions can be seen in Tables 19
and 20 and the story force distributions can be seen in Figures 32 for the N-S direction and Figure 33 for
the E-W direction.

Since this building has several stories above grade, building weight was determined by calculating the
dead weight for the typical floor level and applying that story weight to the other floor levels (levels 2-
12). The weight on the main roof and penthouse roof were calculated separately. The weight included
for summing the total building weight were the weight of the slab on deck, member self-weight
allowance, super-imposed dead loads, and curtain wall self-weight.

After the analysis, the determined base shear in the North-South direction was 939 kips with an
overturning moment of 123,733 K-ft. The baser shear in East-West direction was 518 kips with an
overturning moment of 71,659 k-ft.



T= 0.983 s
= 1.242
V= 939 kips
Seismic Forces - M-S Direction
Height to level i| Story Height Story Weight Story Force Story Shear | Overturning Moment
hi hx Wy fi Vi Mz
level i (ft) (ft) (kips) withot Cx (kips) (kips) (k-At)
PH Roof] 0 198.5 574 408867 0.032 30 30 5916
Main Roof 0 180.0 3375 2129093 0.165 185 185 27937
12 15 165.0 3375 1911085 0.148 139 324 22986
" 15 180.0 3375 1697818 0.132 124 448 18565
10 15 135.0 3375 1489646 0.116 109 557 14660
9 15 120.0 3375 1286996 0.100 94 650 11258
8 15 105.0 3375 1090386 0.085 79 730 8346
7 15 90.0 3375 900463 0.070 66 796 5908
6 15 75.0 3375 718063 0.056 52 848 3926
5 15 60.0 3375 544313 0.042 40 868 2381
4 15 45.0 3375 380835 0.030 28 915 1249
3 15 30.0 3375 230208 0.018 7 932 503
2 15 15.0 3115.5 89876 0.007 7 939 98
I= 40814.5 12877649 939 123733

Table 19 N-S Story forces, base shear, and overturning moment

30

Penthouse Roof

Main Roof

1565 k

12th Level

139 k
124 k

11 Level

10th Level

109 k
94 k

9th

Level

79 k

8th

Level

7th

Level

66 k

6th

Level

§2 k
40 k

5th

Level

28 k

4th

Level

17 k

3rd

Level

2nd Level

1st Level

939 k

A |

123,733 k-ft

Figure 32 Vertical profile of story forces in N-S direction



T= 1.784 s
k= 1.642
V= 518 kips

Seismic Forces - E-W Direction
Height to lewel i | Story Height | Story Weight Story Force | Story Shear | Overturning Moment
I"li hx Wi fi 1"-"i Mz

leval i (ft) (ft) (kips) w,hyt Cx (kips) (kips) (k-At)
PH Raof] 0 198.6 574 3402786 0.038 20 20 3913
Main Roof 0 160.0 3375 17038495 0.150 99 118 17767
12 15 164.0 337a| 14770064 0.165 a6 204 14118
il 15 160.0 3375 12630347 0.141 73 277 10974
10 15 135.0 3375 10623847 0.119 62 339 8308
9 14 120.0 337h 87666T0 0.098 A1 389 6087
8 15 105.0 3378 7031802 0.079 41 430 4277
7 15 90.0 337h 5459338 0.061 az 462 2846
6 15 75.0 3378 4046918 0.045 23 485 1758
A5 15 60.0 3375 2805422 0.031 16 a01 975
4 15 450 3378 1749237 0.020 10 512 456
3 15 300 337h 898891 0.010 5 517 146
2 15 160 311656 265870 0.003 2 518 23

= 40814.5 89478698 518 71659

Table 20 E-W Story forces, base shear, and overturning moment

Penthouse Roof

47.75 k
Main Roof

39.48 k

12th Level
11 Level

10th Level
9th Level
8th Level
7th Level
6th Level
5th Level
4th Level
3rd Level
2nd Level

78.87 K

77.89 k

75.91 k

73.69 k

72.46 k

70.49 k
67.77 k
65.06 k

62.10 k
57.82 k

42.78 k

1st Level

20.19 k

850 k

Moo

88,086 k-ft

Figure 33 Vertical profile of story forces in E-W direction



Computer Model

Figure 34 3D perspectives of the new lateral system modeled in ETABS



After estimating the moment frame members and determining the lateral loads, the new structural
system was modeled in ETABS. Several assumptions were made when creating the lateral model. The
columns were modeled as line elements and were then assigned section properties based on the gravity
analysis performed to estimate the member sizes. The base supports were modeled as pin supports
since the foundation consists of spread footings, which are not very rigid and thus do not carry much
moment. Each floor level was modeled as an area element and assigned a rigid diaphragm since the
floor system consists of a 3VLI20 composite deck with 7 4" slab thickness. In addition, material
properties were modified by eliminating the self-mass from the material definitions and applying the
floor mass calculated in the seismic analysis to the diaphragm by using the Additional Area Mass
function.

The ETABS model was then used to determine the controlling wind load case. The four possible wind
load cases from ASCE 7-10, as can be seen in Figure 35, were considered to determine which wind case
controlled the design.

Main Wind Force Resisting System — Part 1 All Heights
Fipure 27.4-8 1 Design Wind Load Cases
BT P
T RN
| — ] *ﬁ’wx: : ATEPEx
SR NN RREE
CASE 1 CASE 3
By ay
0543 P gy
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S8 Py
My =075 (PaytPrgByey  Mr=075 (PyytPrpBrey My = 0563 (Pay+PpdBrey + 0.563 (Prp+PryiBrey
ey=+ 0158, ey=+0.15B ey =+ 0I5 By er=+ 0158
CASE 2 CASE 4

Casel. Full design wind pressure acting on the projected arca perpendicular to each principal axis of the
structure, eonsidered separately along each principal axis.

Case 2. Three quarters of the design wind pressure acting on the projected area perpendicular to each
principal axiz of the structurs in conjunction with a tersional moment as shown, considerad
separately for cach principal axis.

Cased. Windloading as defined in Case 1, but considered to act simultancously at 75% of the specified
value.

Case 4. Wind loading as defined in Case 2, but considered to act simultancously at 75% of the specificd
value.

Notes:

1. Design wind pressures for windward and leeward faces shall be determined in aceordance with the
provisions of 27.4.1 and 27.4.2 az applicable for building of all heights.
2. Diagrams show plan views of building.
3. Notation:
Py, Ppr: Windward face design pressure acting in the x, ¥ principal axis, respectively.
Pry Pry: Leeward face design pressure acting in the x, y prineipal axis, respectively.
e {2y ey @ Eceentricity for the x, ¥ principal axis of the stmcture, respectively.
Mp: Torsional moment per unit height acting about a wertical axis of the bulding,

Figure 35 Design wind load cases from ASCE 7-10



The wind loads were calculated for wind load cases 2 through 4, as can be seen in Tables 21 through 23.

CASE 2 WIND LOAD CASE 3 WIND LOAD
Wind Forces - N-S Direction Wind Forces - E-W Direction Wind Forces - N-5 Direction|Wind Forces - E-W Direction
Story Force M Story Force Mt Story Force Story Force
Floor (Kips) (k-ft) (Kips) (k-ft) Floor (Kips) Floor (Kips)
PH Roof 114.61 34354 34.31 308.0 PH Roof 114.61 PH Roof 34,31
Main Roof 69.29 3269.6 29.61 652.9 Main Roof 69.29 Main Roof 29.61
12 138.58 6539.2 59.16 1304.4 12 138.58 12 59.16
11 137.12 6470.4 58.42 1288.1 11 137.12 11 58.42
10 134.27 6335.6 56.94 1255.4 10 134,27 10 56.94
9 130.92 6177.9 55.27 1218.7 e 130.92 e 55.27
8 125.10 6091.9 54.34 1198.3 8 129.10 8 54.34
7 126.18 5954.3 52.86 1165.7 7 126.18 7 52.86
i1 122.17 5765.0 50.83 1120.8 6 122.17 6 50.83
5 118.16 5575.8 A8.79 1075.9 5 118.16 5 48.79
4 113.79 5369.3 46.57 1026.9 4 113.79 4 46.57
3 108.32 5111.2 43.37 956.3 3 108.32 3 43.37
2 99.63 4701.1 32.08 585.9 2 99.63 2 32.08
1 A7.44 2238.7 15.14 276.6 1 47.44 1 15.14
CASE4 WIND LOAD
Wind Forces - N-S Direction Wind Forces - E-W Direction
Story Force M Story Force M, My st M ey
Floor (Kips) (k-ft) (Kips) (k-ft) (k-ft)

PH Roof 86.03 2578.8 25.76 231.2 2810.0)

Main Roof 52.01 2454.4 22.23 450.1 25445

12 104.03 4308.8 44.41 §979.2 5887.9

1 102.93 4857.1 43.85 966.9 5824.0]

10 100.79 4755.9 42.74 942.4 5698.3

5 98.28 4637.6 41.49 914.8 5552.4

2 96.91 4573.0 40.79 B8599.5 5472.5

7 94.72 4469.7 35.68 875.0 5344.7

] 91.71 4327.6 38.16 841.3 5168.9

5 88.70 4185.5 36.63 B807.6 45593.2

4 8542 4030.6 34.96 770.9 4801.5

3 81.31 3836.8 32.50 717.8 4554.7

2 74.79 3529.0 24,08 439.8 3968.8)

1 35.61 1680.6 11.37 207.6 1888.2]

Tables 21-23 Calculated wind load cases 2-4 from ASCE 7-10

It was found that wind load case 1 controlled in both the North-South and East-West directions. To
determine the controlling wind load case, shear forces acting in each frame on story 6 were used. The
wind load case that resulted in the highest shear forces in the frames was concluded to control the
design. Tables 24 through 27 show the analysis results of the shear forces acting in each frame due to
each wind load case.



Wind Load Case 1- Story 6 Wind Load Case 2- level 6
Frame X-Direction Y-Direction Frame X-Direction Y-Direction
Shear Force (kips) Shear Force (kips) Shear Force (kips) Shear Force (kips)
MF-A.1 205.8 - MF-A.1 172.8 -
MF-B 152.7 - MF-B 117.4 -
MF-C 162.3 - MF-C 111.6 -
MF-E 48.7 - MF-E 29.8 -
MF-1 - 38.6 MF-1 - 25.0
MF-1' 35.8 63.6 MF-1' 14.8 106.3
BF-1 - 327.1 BF-1 - 59.6
BF-2 - 260.4 BF-2 - 172.8
BF-3 - 2859.2 BF-3 - 267.3
BF-4 - 369.1 BF-4 - A427.6
Average Shear= 121.1 224.7 kips Average Shear= 80.3 176.4

Wind Load Case 3- level 6
Frame Shear Force (kips)
MF-A.1 167.5

MF-B 125.0

MF-C 117.5

MF-E 36.5

MF-1 46.3
MF-1' 15.3

BF-1 312.8

BF-2 205.2

BF-3 206.0

BF-4 226.6

Average Shear= 145.9 kips

Wind Load Case 4- level 6
Frame Shear Force (kips)
MF-A.1 184.6

MF-B 107.5

MF-C 40.1

MF-E 4.3

MF-1 17.8
MF-1' 68.8

BF-1 65.5

BF-2 132.0

BF-3 204.0

BF-4 317.6

Average Shear= 180.4 kips

Tables 24-27 Shears acting in each frame due to the four wind load cases

kips

As can be seen in Tables 24-27, the shear forces are greatest in the frames subjected to lateral wind load
case 1, except in the case for brace frame B-4 which is subjected to a larger shear in load case 2. Overall,

wind load case 1 is the controlling wind load case.

After determining the controlling wind load case, the load combination that would control the strength
of the design was checked. Figure 36 shows a list of possible load combinations in ASCE 7-10.



2.3.2 Basic Combinations

Structures, components, and foundations shall be
designed so that their design strength equals or
exceeds the effects of the factored loads in the
following combinations:

1. 14D

2. 12D + 1.6L + 0.5(L, or S or R)

3. 12D + 1.6(L, or S or R) + (L or 0.5W)
4. 12D + 1.0W + L + 0.5(L, or S or R)
5. 12D + 1.0E + L + 0.28

6. 0.9D + 1.0W

7. 09D + 1.0E

Figure 36 Load and Resistance Factor Design (LRFD) load combinations from Chapter 2 of ASCE 7-10

The controlling load combination for strength was found to be combinations 4 and 5. The two
combinations were then checked in both the N-S and E-W directions to determine which one controlled
the strength of the design. After analysis, it was found that load combination 4 controlled the strength
of the design for both the N-S and E-W directions. According to section 12.8.4.2 of ASCE 7-10 for seismic
design, for a rigid diaphragm the design must include the accidental torsional moments caused by
assumed displacement of the center of mass each away from its actual location by a distance equal to
5% of the dimension of the structure perpendicular to the direction of the applied forces. As a result,
this accidental torsional moment was taken into account by applying seismic loads in ETABS at a 5%
eccentricity from the center of mass. For analysis, story 6 was used as a sample story to determine
which load combination controlled the strength of the design. The analysis results can be seen in Tables
28 through 31.



Seismic- North-South - story 6 Wind Load Case 1- North-South - story 6
Load Combination- 1.2 D+L+1.0E Load Combination- 1.2 CHL+1.0W
Frame Shear Force (kips) Frame Shear Force (kips)
MF-A.1 - MF-A.1 _
MF-B - MF-B -
MF-C - MF-C -
MF-E - MF-E -
MF-1 22.0 MF-1 38.6
MF-1' 40.5 MF-1' 63.4
BF-1 195.6 BF-1 327.1
BF-2 157.9 BF-2 260.4
BF-3 177.5 BF-2 289.2
BF-4 227.1 BF-4 369.1
Average Shear=  136.8 kips Average Shear=  224.6 kips
SelsMICLEastWestLSTOTy.0 Wind Load Case 1- East-West - story 6
Load Combination- 1.2 DHL+1.0E Load Combination- 1.2 DL+ 1.0W
Frame Shear Force (kips) AT Shear Force (kips)
MF-A.1 184.3 MF-A.1 205.8
MF-EB 132.7 ME-B 152.7
MF-C 135.9 ME-C 162.3
MF-E 23.3 MF-E 48.7
MF-1 - MF-1 -
MF-1' 26.2 ME-1° 35.8
BF-1 - BF-1 -
BF-2 - BF-2 -
BF-3 - EF-3 -
BF-4 - BF-4 -
Average Shear= 86.4 kips Average Shear= 100.9 kips

Tables 28-31 Controlling load combinations that control strength of design

As can be seen in Tables 28-31 load combination 4 controls the strength of the design in both the N-S
and E-W directions. The controlling load combination in both directions was used to check if the
estimated designed members determined from the gravity only analysis was adequate to support the
combined lateral and gravity loads and if the structural system was within the allowable drift limits.
After using the steel frame design check in ETABS, it was shown that the estimated member sizes were
not adequate to support the combined gravity and lateral loads and the structure displaced as much as
10 inches in the E-W direction and 12” in the N-S direction under the unfactored wind loads. With the
building having a total height of 180 ft., using a drift limit of L/400 due to unfactored wind loads the
structure can displace up to 5.4 inches to remain within the allowable drift limit. Using a drift limit of
0.02H due to unfactored seismic loads, the structure can displace up to 43.2 inches to remain within the
allowable drift limit. To design the lateral system to meet both strength and drift requirements, the
members were then assigned AUTO sections, which is an automatic select list of members chosen as
prospective design members. The lateral displacement target for the system was also set to 4 inches to
keep lateral drift to a minimum.

Initially it was assumed that diagonal bracing would be used as the brace frame configuration to resist
the lateral loads in the N-S direction, but after running the steel design it was shown that the
displacement in the N-S direction was beyond the allowable limit. Therefore the brace frame
configuration was changed to X-bracing. After running the design with the braced frames with X bracing,
the lateral drift in the N-S direction was within the allowable limits. Figure 37 shows the strength
adequacy of the members chosen for the design.



Figure 37 Strength of the design members with the use of the interaction diagram

The color at the bottom represent the interaction diagram in which red means the member is
inadequate in strength to support the load and blue means the member is very adequate to support the
load. The members in Figure 37 are all adequate to support the load except 3 members highlighted in
red. This represents the members highlighted in red need to be increased in size to support the load.
After re-rerunning the design, ETABS selected all members that were adequate to support the combined
gravity and lateral loads and an overall system that was within the allowable drift limits. The final
member selection can be seen in Figure 38.



Figure 38 Final lateral system member selection

The final moment frame and braced frame design sections can be seen In Figures 39 through 46.
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Figure 46 Braced frames 3 and 4

After designing the lateral system members, a typical moment frame connection was designed. The
connection can be seen in Figure 47. The calculations for the typical moment connection design can be
seen in Appendix D.
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After designing the lateral system, the system was checked for relative stiffness, building torsion, lateral
drift and displacement, and overturning moment.

Building Torsion
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Figure 48 Plan view showing the location of the Center of Mass (COM), Center of Rigidity (COR), and
Center of Pressure (COP)

When the Center of Mass (COM) and Center of Rigidity (COR) do not coincide, the building will be
subjected to torsional effects caused by the seismic loads. In addition, wind loads act at the Center of
Pressure (COP) and are resisted at the COR and if the COM and COP do not coincide, the building will be
subjected to torsional effects caused by the wind loads. These torsional effects must be accounted for
in design. To determine the total building torsion, one must consider the torsion due to the location
difference between the COR and COM (or COR and COP). Torsional moments were calculated for the
controlling wind load case 1, as can be seen in Table 32.



Torsional Moments due to Wind Load Case 1- X direction

Level N-5 Story Force COR Location | COP Location | Eccentricity, e, | Torsional Moment, My

(kips) (ft) (ft) (ft) (k=ft)

Main roof 92.40 147 157.3 10.3 952
12 184.80 147 157.3 10.3 1903
11 181.80 147 157.3 10.3 1873
10 129.00 147 157.3 10.3 1329
3 174.60 147 157.3 10.3 1798

8 172.10 147 157.3 10.3 1773

7 168.30 147 157.3 10.3 1733

6 162.90 147 157.3 10.3 1678

5 157.60 147 157.3 10.3 1623

4 151.70 147 157.3 10.3 1563

3 144.40 147 157.3 10.3 1487

2 132.80 147 157.3 10.3 1368

Torsional Moments due to Wind Load Case 1- Y direction

Level E-W Story Force COR Location | COP Location | Eccentricity, ey Torsional Moment, M;

(kips) (ft) (ft) (ft) (k-ft)

Main roof 39.50 48 73.5 25.5 1007
12 78.90 48 73.5 25.5 2012
11 77.90 43 73.5 25.5 1986
10 75.90 48 73.5 25.5 1935
9 73.70 48 73.5 25.5 1879

8 72.50 48 73.5 25.5 1849

7 70.50 48 73.5 25.5 1798

6 67.80 48 73.5 25.5 1729

5 65.10 43 73.5 25.5 1660

4 62.10 43 73.5 25.5 1584

3 57.80 43 73.5 25.5 1474

2 42.80 41 53.6 12.8 548

Table 32 Torsional moments due to eccentric wind load case 1 in both the N-S and E-W directions

Relative Stiffness

The distribution of lateral story forces at a given story level to the lateral force resisting systems at that
story is done according to the relative stiffness of each lateral system. The stiffness of each system is
determined by applying a unit load at the top story of each lateral force resisting system element. The
stiffer the system, the more lateral load it will resist. The location and orientation of each moment
frame and braced frame can be seen in Figure 24. The stiffness of each frame was found in order to
complete an analysis of both the direct and torsional shears, which will be discussed later in this report.

Each frame’s stiffness was determined by applying a 1000 kip story load in the X —direction at the main
roof level, which is the top level of the lateral force resisting system, and using ETABS to find the shear
and displacement of each frame at the main roof level due to the 1000 kip story load. This same
procedure was also applied to the Y-direction. The shear force and displacement in each frame at the
main roof level were used to determine each frame’s stiffness, K, where:

Ki= P/&, where P is the shear force in the frame at the main roof level and § is the frame’s displacement
due to the 1000 k story load.

After determining each frame’s stiffness, the relative stiffness was calculated by comparing the stiffness
of each frame to the frame with the greatest stiffness. Firstly, the frame with the largest stiffness was



set to have a relative stiffness of 1 (or 100 percent). The remaining frames’ relative rigidity was
determined by dividing each frame’s stiffness, K, by the highest stiffness. This procedure was also
applied to the Y-direction. Each frame’s relative stiffness can be seen in Table 33.

Relative Stiffness of LFRS in E-W Direction
Frame Displacement (12th story} shear force (12th story) Stiffness, K Relative Stiffness (%)

X dir (in) X dir (Kips) X dir (kip/in) Xdir

MF-A.1 7.570 293.40 38.76 50.05
MF-B 1.790 335.30 43.04 100.00

MF-C 7.950 294.90 37.09 80.19

MF-E 8.320 73.30 B8.81 2047

MF-1' 7.640 A47.80 6.26 14.54

Relative Stiffness of LFRS in N-S Direction
Frame Displacement (12th story) shear force (12th story)  Stiffness, K Relative Stiffness (%)

¥ dir {in) ¥ dir (Kips) Y dir (kip/in) ¥ dir
MF-1' 3.720 101.20 27.23 51.80
BF-1 4.400 231.30 52.57 100.00
BF-2 4,198 166.60 39.69 75.49
BF-3 4,081 178.60 43.76 83.25
BF-4 3.964 179.20 45,21 85.99

Table 33 Relative stiffness of the Lateral Force Resisting Systems (LFRS)

As can be seen in Table 33, Moment Frame B (MF-B) resists the largest portion of the 1000 kip lateral
load applied in the in the E-W direction because it’s the stiffest frame in the E-W direction and thus
resists a larger portion of the lateral loads acting in the E-W direction. Its location and span length
relative to the other moment frame can be seen in Figure 24. Also Table33 shows that Brace Frame
1(BF-1) resists the largest portion of the 1000 kip lateral load applied in the N-S direction. This
represents that brace frame 1 is the stiffest lateral force resisting frame in the N-S direction. Load
follows stiffness and therefore the stiffer frames resist the largest portion of the lateral loads.

Lateral Load Distribution

Lateral force resisting systems resist lateral loads through direct shear and torsional shear. For 1000
Connecticut Avenue, to determine the portion of the story lateral force resisted by each frame, sample
calculations were completed by solving for both the direct and torsional shears in each frame. The total
shear in each frame was determined by adding the direct shear to the torsional shear. A plan view of the
direction of the direct shear (DS) and torsional shear (TS) forces acting on the frames subjected to a 155
kip seismic lateral load acting on the main roof level in the N-S direction can be seen in Figure 49. The
sample calculations for the direct shear and torsional shear acting on the North-South resisting frames
due to the 155 kip seismic load can be seen in Tables 34 through 36.

Direct Shear

The frames that are parallel to the direct shear will participate in resistance. For example, the lateral
loads acting in the North-South direction will be resisted directly by braced frames 1-4 and moment
frames 1 and 1’. The lateral loads acting in the East-West direction will be resisted directly by moment



frames A.1, B, C, E, and 1’. Since moment frame 1’ is oriented at an angle, it will participate in resisting
the lateral loads in both the N-S and E-W directions.

The direct shear of each frame was calculated by multiplying the relative stiffness of each frame by the
lateral load. The relative stiffness represents the portion of the story lateral load resisted by the frame.

Ki
Relative stiffness= = —1
Yki

Where,

Ki is the stiffness of the frame parallel to the lateral load

A sample distribution of the 155 kip seismic lateral load acting on the main roof level can be found in
Table 34.

Torsional Shear

If the Center of Mass (COM) and Center of Rigidity (COR) do not coincide, then the seismic loads will
cause torsional effects; seismic loads act through the COM, but are resisted through the COR. In
addition, the wind loads act at the Center of Pressure (COP) and are resisted at the COR. Contrast to
direct shear, all of the frames will participate in resisting these torsional effects. The torsional shear in
each frame was first determined by finding the eccentricity between the COM and COR. Next, the
distance between the frame and COR was determined where the distance is the moment arm between
the COR and the frame. The torsional Shear equation with corresponding variable definitions can be
seen below.

VedK;
YKid?

Torsional Shear, V; =

Where,

V- story lateral load

e- eccentricity (distance between the COM and COR or COM and COP)

Ki- stiffness of the lateral force resisting system element

di- moment arm between COR to the lateral force resisting system element

The sample calculations for torsional shears and total shears acting on the North-South resisting frames
due to the 155 kip seismic load can be seen in Tables 35 and 36.
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Figure 49 Plan view of the direction of the direct shear (DS) and torsional shear (TS) forces acting on the
frames subjected to a 155 kip seismic lateral load acting on the main roof level in the N-S direction

Direct Shear in Frames Resisitng N-5 Seismic Lateral Load
T Lateral Force Stiffness, K Direct shear
(kips) (k/in} (kips)

MF-1 155 128.6 20,2

MF-1' 155 101.3 15.5

BF-1 155 231.30 36.4

BF-2 155 166.60 20.2

BF-3 155 178.60 28.1

EF-4 155 179.20 28.2

Table 34 Direct shear calculation for frames resisting 155 kip seismic load

As can be seen in Table 34, brace frame 1 resists the largest portion of the seismic load applied in the N-
S direction. This was also shown in table 33 under the “relative stiffness” section in which it was shown
that brace frame 1 would resist most of the lateral load because its stiffer than the other frames
participating in resisting the direct shear. The stiffer the frame the more load it will resist because load
follows stiffness. In addition, the torsional shears acting on the N-S frames can be seen in table 35 and
the total shear acting on the N-S frames can be seen in Table 36.



Torsional Shear in Frames Resisting N-S Seismic Lateral Load
R Lateral Force Stiffness, K e, d K*d®>  Torsional Shear
(kips) (k/in) (ft) (ft) (kips)
MF-1 155 128.0 9.0 145.5 2722494 4,771
MF-1' 155 101.3 9.0 -107.56 1171555 -2.778
EF-1 155 231.30 9.0 65.77 1000532 3.879
BF-2 155 166.60 9.0 9.50 15035.65 0.404
BEF-2 155 178.60 9.0 -20.50 | 75056.05 -0.933
EF-4 155 179.20 9.0 -52.10 | 486422.3 -2.380
J=5K*d’= 5471497
Total Shear in Frames Resisting N-5 Seismic Load
i Direct Shear (DS) Torsional Shear (TS)  Total Shear (kips)
(kips) (kips) (DS+TS)
MF-1 20.2 4.771 25.0
MF-1' 159 -2.778 13.1
EF-1 36.4 3.879 40.3
BF-2 26.2 0.404 20.6
EF-2 28.1 -0.933 27.2
EF-4 28.2 -2.380 25.8

Tables 35 and 36 Torsional shear and total shear acting on the N-S resisting frames



Story Drift and Lateral Displacement

The lateral displacements and story drifts were obtained from ETABS. This was done by using only un-
factored wind and seismic loads. The inter-story drifts due to the un-factored wind load case 1 were
compared to the H/400 allowable displacement, from ASCE 7-10, where H is the story-to-story- height.
For the un-factored seismic loads, the inter-story drifts were compared to 0.020H from table 12.12-1 of
ASCE 7-10, as can be seen in Figure 50. 1000 Connecticut Avenue has a risk category of Il and has a
combined moment frame and brace frame dual lateral system; therefore the allowable drift will be
0.02H, where H is the story-to-story height.

Table 12.12-1 Allowable Story Drift, AP

Risk Category

Structure TLorll I IV

Structures, other than masonry shear wall structures, 4 stories or less above the base as 0.025k ° 0.020h,, 0.015h,,
defined in Section 11.2, with interior walls, partitions, ceilings, and exterior wall systems
that have been designed to accommodate the story drifts.

Masonry cantilever shear wall structuras? 0.0100,, 0.0104,, 0.010h,,
Other masonry shear wall structures 0.007 1., 0.007h,, 0.007h,,
All other structures 0.0204,, 0.015h,, 0.010A,,

“hyy is the story height below Level x.

For seismic force-resisting systems comprised solely of moment frames in Seismic Design Categories D, E, and F, the allowable story drift shall
comply with the requirements of Section 12.12.1.1.

“There shall be no drift limit for single-story structures with interior walls, partitions, ceilings, and exterior wall systems that have been designed
to accommodate the story drifts. The structure separation requirement of Section 12.12.3 is not waived.

“Structures in which the basic structural system consists of masonry shear walls designed as vertical elements cantilevered from their base or
foundation support which are so constructed that mement transfer between shear walls {coupling) is negligible.

Figure 50 Table of allowable story drift for seismic loads

The serviceability for both the wind and seismic loads were found to be within the allowable limits. The
story displacements and story drifts in the N-S and E-W directions can be found in Tables 37 and 38.



Story Displacement/ Drift Due to Unfactored Wind Loads (Wind Load Case 1)

Story  |Height Above Grade| Actual Displacement H/400 Inter-Story Drift
(ft) X (in) ¥ {in) {in) X (in) Y (in)

Main Roof 130 2.0567 1.8145 0.45 0.0705 0.2160
11 165 1.9862 1.5985 0.45 0.0967 0.1921
10 150 1.8895 1.4064 0.45 0.1154 0.1936

9 135 17741 1.2128 0.45 0.1412 0.1330

8 120 1.6329 1.0238 0.45 0.1588 0.1922

7 105 1.4741 0.8316 0.45 0.1784 0.1831

6 90 1.25957 0.6485 0.45 0.1366 0.1657

5 75 1.1091 0.4828 0.45 0.2018 0.1456

4 60 0.5073 0.3372 0.45 0.2062 0.1243

3 45 0.7011 0.2129 0.45 0.2098 0.0921

2 30 0.4913 0.1208 0.45 0.1852 0.0622

1 15 0.3061 0.0586 0.45 0.3061 0.0586

Story Displacementy Drift Due to Unfactored Seismic Loads

Story  |Height Above Grade| Actual Displacement 0.02H Inter-Story Drift
(ft) X (in) Y (in) {in) X (in) ¥ (in)

Main Roof 180 2.0308 1.192 3.6 0.0969 0.144

11 165 1.9339 1.048 3.0 0.1323 0.1263
10 150 1.8016 0.9217 3.6 0.1482 0.13

3 135 1.6534 0.7917 3.6 0.1709 0.1275

8 120 1.4825 0.6642 3.6 0.1809 0.1204

7 105 1.2016 0.5238 3.6 0.20 0.1237

6 S0 1.1 0.4101 3.6 0.18 0.1104

5 75 0.9225 0.2997 3.6 0.191 0.0955

4 60 0.732 0.2042 3.0 0.1828 0.0796

3 45 0.5492 0.1246 3.6 0.1741 0.0568

2 30 0.3751 0.0678 3.6 0.1442 0.0358

1 15 0.2309 0.032 3.6 0.2309 0.032

Total Rigid Diaphragm Displacement Due to
Unfactored Wind Loads (case 1)
Displacement (Main Roof) | Total Height| H/400
X (in) Y (in) (ft) {in)
211 | 2.26 180 5.4

Total Rigid Diaphragm Displacement Due to
Unfactored Seismic Loads
Displacement (Main Roof) | Total Height| 0.02H
X (in}) Y {in) (ft) {in)
207 | 1.62 180 13.2

Tables 37 and 38 Story displacements/drifts due to un-factored wind and seismic loads

As can be seen in Tables 37 and 38, the inter-story drift of the lateral system is within the permissible
limits for both the wind and seismic cases.



Overturning and Stability Analysis

A building’s foundation must be designed to support both axial loads and bending moments caused by
the lateral loads. The support base of lateral force resisting columns is subjected to uplift forces caused
by the lateral loads. As a result, these uplift forces subject the building to overturning moments.

1000 Connecticut Avenue’s foundation is comprised of spread footings, which behave as pinned
connections due to their low rigidity. As a result, the foundation does not participate in resisting
moments caused by the lateral loads. Through the analysis of the lateral system, the foundation was
checked to determine if it is adequate to carry the moment due to the lateral forces on the slab, which
transfers the load to the columns. The overturning moments were found by using the controlling lateral
loads in each direction. It was determined in preceding sections of this thesis report that wind load case
1 was the controlling lateral load for both the North-South and East-West directions. Wind load case 1
was used to calculate the overturning moments by multiplying the lateral loads by the story height. The
resisting moments were calculated by multiplying the total building weight by half of the building length,
where the building length is in the direction in which the resisting moment is acting. Load combination
0.9D + 1.0W was found to control for checking the overturning moments. As can be seen in Table 39, the
resisting moment is much greater than the overturning moment in both the N-S and E-W directions.
Therefore, it was found that the slab-to-column moment frame systems below grade are adequate to
carry the moments due to the lateral loads. Since the spread footings will behave as pinned connections,
the columns will not transfer any moment to the foundation. Therefore the rigid connection between
the slab and columns will carry the overturning moment.



Overturning Moment

N-S Wind E-W Wind
Floor Height (ft)| Lateral Force (kips) | Moment (k-ft) | Lateral Force (kips) |Moment (k-ft)
PH Roof 198.5 152.81 30332.8 47.75 5478.4
Main Roof 180 92.39 16630.2 39.48 7106.4
12 165 184.77 30487.1 78.87 13013.6
11 150 182.83 27424.5 77.89 11683.5
10 135 179.02 24167.7 75.91 10247.9
9 120 174.57 20948.4 73.69 8842.8
8 105 172.14 18074.7 72.46 7608.3
7 90 168.25 15142.5 70.49 6344.1
6 75 162.9 12217.5 67.77 5082.8
5 60 157.55 9453.0 65.06 3903.6
4 45 151.72 6827.4 62.1 2794.5
3 30 144.43 4332.9 57.82 1734.6
2 15 132.84 15992.6 42.78 641.7
Overturning Moment= 3= 218031 88482
Resisting Moment
Bulding Weight kips) N-5 Wind E-W Wind
Length- ¥ direction (ft)| Moment (k-ft) |Length- X direction (ft) | Moment (k-ft)
38099 147 2520272 314.6 5303724
0.9* DL (kips)
34289
Summary of Moments
Direction Overturning Moment Resisting Moment
(k-ft) (k-ft)
N-5 218031 2520272
E-W 88482 5393724

Table 39 Overturning and resisting moments in the N-S and E-W directions

In addition, with the lateral system consisting of braced frames, the braced frames will subject the
foundation to uplift. As a result the foundation must be checked to determine if it is stable enough to
resist the uplift forces. To check for uplift forces, brace frame 3 was used. The controlling load
combination for checking uplift is 0.9D+1.0W. As can be seen in Figure 51, the braced frame is subjected
to a factored tensile uplift force of 6123 kips.
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Figure 51 Uplift force braced frame is subjected to due to wind load case 1 acting in the N-S direction



The concrete footing subjected to the uplift force carries a resistive dead load of 1559 kips, which is
smaller than the uplift force of 6123 kips acting on the footing. As a result, the foundation will need to

be designed to resist this uplift force. A summary of the loads acting on the footing supporting column
21 can be seen in Table 40.

Total Load Acting on Footing supporting Column-21
Tributary Area of C-21
per floor or roof= 1027 ft*
Influence Area= 3022 ft*
Floor Dead Load= (slab+SDL+bm/gird. self-wt) 90 psf
Roof Dead Load= (slab+SDLtbm/gird. Self-wt) 90 psf
PH roof DL 32.0 kips
Parking Level DL (slab+SDL) 110 psf
steel column self-wt 65.7 kips
concrete column self wt 24.6 kips
Load Above Footing Roof +
16 Floors
Py 1610.0 kips
Total DL 1732.3 kips
0.9DL 1559.0 kips
Total Uplift Force due to controlling N-S 6123 kips
Lateral Load

Table 40 Total load acting on footing supporting column 21

The existing foundation consists of spread footings, but in order to resist the uplift on the foundation
caused by the braced frames there are three options that can be used to resist the uplift forces. One
option is to use a grade beam that connects two spread footings to resist the uplift forces. The
additional rigidity provided by the beam enables the foundation to resist the lateral loads. The grade
beam configuration can be seen in Figure 52.

SPREAD FOOTINGS CONNECTED
WITH GRADE BEAM

Figure 52 Spread footings connected with a grade beam



Another alternative foundation is to use a combined spread footing. The combined footings will have
additional rigidity needed to resist the uplift forces subjected on it by the braced frames. Figure 53
displays a typical layout of a combined spread footing.

COMBINED FOOTING

Figure 53 Combined spread footing

The last alternative is to use a mat foundation, which acts as a fixed base connection and thus will resist
uplift forces.



Construction Management Breadth

The construction management breadth was analyzed to determine the impact the structural system
redesign would have on the total building cost; construction schedule; site logistics of steel versus
concrete construction; building LEED certification; and the anticipated revenue increase from the use of
the new structural system. First, the current concrete construction cost estimate was compared to the
cost estimate of the new structural system. Second, the new structural system construction schedule
was compared to the existing system construction schedule. Third, how the existing construction site
had to be managed differently for steel construction compared to concrete construction was evaluated.
Fourth, the building LEED certification with the use of the new structural system was compared to the
building LEED certification with the use of the existing concrete structural system. Last, the revenue
obtained from the new structural system with wider bays and higher floor-to-ceiling heights was
compared to the existing structural system’s revenue. Wider bays and higher floor-to-ceiling heights
increases the rental value of the floor space and therefore the building owner will be able to charge
higher rent, which will potentially increase revenue.

New System Cost

After changing the structural system to steel, a cost analysis was completed to determine if the new
system would cost less than the existing structural system. The cost was determined for the
superstructure and the cost of the new superstructure was compared to the existing superstructure
cost. A summary of each system’s cost can be seen in Table 41. The analysis showed that the new
structural system will cost $5,994,630 more than the cost of the existing superstructure. RS Means 2012
was used to determine the cost of the new structural system. The detailed superstructure cost
calculations can be found in Appendix E.



Structural Steel System Super Structure Cost Summary

Total Cost
Gravity Beams 31,109,558
Gravity Girders $907,770
Moment Frame Beam/ $2.229,921
Girder Members
Gravity Columns $287,164
Moment Frame Columns $2,350,577
Braces 4764,853
Column Base Flates 34,952
Connections
Colum Splice Connections $138,207
Crthogonal Shear Coonnections $255,409
Skewed Shear Connections 38,101
Moment Frame Connections $235,523
Brace Frame Connections 5147,783
Steel Floor Deck $985,470
Shear Studs 452,869
Sprayed Cementious Fireproofing 5580,587
Elevated Slabs $1,760,434
Total Steel Structure Bare Cost $11,819,218
SYSTEM COST
B-450G $400,000
Building Foundations
(footings & strap 5725,000
beams)
Lower level (B-4 to
$1,200,000.00
1st flr) foundation walls
Columns and elevated $3,140,000.00
decks (B-4 to 1st fir)
Misc. subcontractor
costs (submittals, gen.
o $250,000.00
conditions, tower crane,
etc.)
Total Bare Superstructure Cost $17,534,218.05
O&P 10% Q&P
Location Adjustment 92/100|
Grand Total $17,744,628.67

Table 41 New system cost versus existing system cost

Existing Concrete Super Structure Cost Summary

B-4 50G £400,000
Building Foundations
{footings & strap $725,000
beams)
Lower level {_B—4 to $1,200,000.00
1st fr) foundation walls
Columns and elevated $3,140,000.00
decks (B-4 to 1st fir)
Misc. subcontractor
cost_s?submlttals, gen. $250,000.00
conditions, tower crane,
etc.)
Columns from 1st floor & $6,035,000.00
elevated decks up through
penthouse roof
Grand Total $11,750,000.00




Construction Schedule
After changing the structural system from steel to concrete, a construction schedule study was

conducted to determine if the schedule of the new structural system can be shorten. The schedule path

chosen to decrease the construction of the steel framing system can be seen listed below.

1
2.
3.
4
5

erect the first set 2 tier columns

erect the steel beams and girders at stories one and two

Erect the metal decks at stories 1 and 2

Pour the slab on deck at story 1 while the second set of 2 tier columns are being erected

Pour the slab on deck at story 2 while the beams and girders at stories 3 and 4 are being erected

The steel construction schedule will follow the above sequence until its completion. The steel system’s

proposed construction schedule can be seen in Figure 54. The schedule date starts on November 19,

2010 because that is the same day in which the existing concrete system reached grade level.

@ [T==k - [TaskName . [puration _ [start . |Finish - | [December 2010 [1anuary 2011 [February 2011
Mode 13[16[19]22]25[28] 1 [ 4 [ 7 [10[13[16]29]22]25]28]31] 3 [ 6 [ 9 [12[15[18]21[24]27]30] 2 [ 5 [ 8 [11]14]
1 Erect 1st Tier Columns | 2.5 days Fri 11/19/10  Tue 11/23/10
2 I d Install Beam and Girders | 11.5days  Tue 11/23/10 Wed 12/8/10 | —
Story1

3 E Install Beams and 11.5days | Tue11/23/10 Wed 12/8/10 | —
Girders Story 2

4 I d Install Deck Story 1 4 days wed 12/8{10 |Mon 12/13/10 —

5 E o install Deck Story 2 4 days Wed 12/8/10 Mon 12/13/10  — |

6 o Place Concrete Story 1 2 days Mon 12/13/10 Tue 12/14/10 ]

7 I d Erect 2nd Tier Columns 1.5 days Mon 12/13/10 Tue 12/14/10 a

8 o Place concrete Story 2 2 days Tue 12/14/10 Wed 12/15/10 [ ]

9 F Install Beam and Girders 11.5days  Tue 12/14/10 Wed 12/23/10 ——
Story 3

10 E o Install Beams and 11.5days | Tue12/14/10 Wed 12/29/10  —
Girders Story 4

11 F Install Deck Story 3 4 days Wed 12/29/10 Mon 1/3f11  — |

12 | + Install Deck Story 4 4 days Wed 12/29/10 Mon 1/3/11  —

13 o Place Concrete Story 3 2 days Mon 1/3/11  Tue 1/4/11 [ ]

14 I d Erect 3rd Tier Columns 1.5 days Mon 1/3/11  Tue 1/4/11 =]

T15 | =+ Place Concrete Story 4 |2 days Tue 1/4/11 Wed 1/5/11 [ ]

16 E Install Beam and Girders 11.5days  Tue 1/4/11 Wed 1/19/11 | m— |
story 5

17 + Install Beam and Girders 1L5days  Tue 1/4/11 Wwed 1/19/11 | —
Story 6

18 E Install Deck Story 5 4 days Wed 1/19/11  Mon 1/24/11  m— |

13 + Install Deck Story & 4 days Wed 1/19/11 Mon 1/24/11  s— |

20 o Place Concrete Story 5 2 days Mon 1/24/11  Tue 1/25/11 ke ]

o Ed Erect 4th Tier Columns 1.5 days Mon 1/24f11  Tue 1/25f11 a
22 E o Place Concrete Story 6 |2 days Mon 1/24/11  Tue 1/25/11 ke ]

23 o Install Beams and 11.5days | Mon1/24/11 Tue 2/8f11 ———
Girders Story 7

24 + Install Beams and 11.5days  Mon 1/24/11 |Tue 2/8/11  —
Girders Story 8

25 o Install Deck Story 7 4 days Tue 2/8f11 Fri2f11/11 =

26 + Install Deck Story 8 4 days Tue 2/8/11 Fri 2f11/11 =3




27 o Place Concrete Story 7 2 days Fri2f/11/11 Mon 2/14/11 B3

28 + Erect 5th Tier Columns 1.5 days Fri2/11/11 Mon 2/14/11 =3

29 + Place Concrete Story 8 2 days Mon 2/14/11 Tue 2/15/11 E3

30 + Install Beams and 11.5days  Mon 2/14/11 Tue 3/1/11 Eo—
Girders Story 9

31 + Install Beams and 11.5days  Mon 2/14/11 Tue 3/1/11 FA— |
Girders Story 10

32 b o Install Deck Story 9 4 days Tue 3/1/11 Fri 3/4/11 =3

33 E o Install Deck Story 10 4 days Tue 3/1/11 Fri 3/4/11 B3

34 + Place Concrete Story 9 2 days Fri3/4/11 Mon 3/7/11 =3

35 + Erect 6th Tier Columns 1.5 days Fri3/f4/11 Mon 3/7/11 =3

36 + Place Concrete Story 10 2 days Mon 3/7/11  Tue 3/8/11 E3

37 * Install Beams and 11.5 days Mon 3/7/11  Tue 3/22/11 (-—
Girders Story 11

38 + Install Beams and 11.5days  Mon 3/7/11  Tue 3/22/11 —
Girders story 12

39 o Install Deck Story 11 4 days Tue 3/22/11  Fri 3/25/11 B3

40 E o Install Deck Story 12 4 days Tue 3/22/11  Fri 3/25/11 o |

41 + Place Concrete Story 11 2 days Fri3/25/11 Mon 3/28/11

42 + Place Concrete Story 12 2 days Fri3/25/11 Mon 3/28/11

Figure 54 Proposed construction sequence for the steel framing system

The existing system’s first level through main roof concrete construction schedule sequence can be seen
in Figure 55.

Fifth Floor
Concrete Operations

First Floor
Concrete Operations

FRP Elevated Deck - 05 D3JANTTA [141AM11A

FRF Columns - 05 1UENTTA [1TJANTIA
AGE100000  [FRF Eevaied Deck - 01 120CT10A  [1BNCVIOA e —— I ZRNTIA TERNTA

AGS100020 |FRP Columns - D1 piNOVIDA  [02DECIDA s ——rynT P Ty Py
AGS100120 | Stipieshore - 01 to 02 10 02DEC10n  [1SDECIDA FRP Concrete PadsiCurbs - 05 TEMARTIA[255PRITA
BES100220  |Remave Reshares - B1 to 01 0 ZEDECI0A |DRLANTIA Sixth Floor
CM121700  |FRP Concrete Pads/Curbs - D1 OTMERTIA [10MAYTIA

Concrete Operations
Second Floox FRP Eievated Deck - 02 12UANT1A  [25JANT1A
FRF Columns - 06 TTIANATA  |20JANTIA
Strip/Reshors - D6 to OT 0 o4FE311A |1FEBTIA
Remevs Reshares - 05 to 02 16FEB1A_ [22FEBIA

Concrete Operations

FRP Elevated Deck - 02 olo=ovins 150ECI0A FRF Concrete Pads/Curbs - D5 1EMARTIA  |258APRIA
FRF Columns - 02 1] ofzemwovioa [1sDECIDA
StripiReshore - 02 to 03 10| ofzewovina  [13DECION
Femavs Reshares - 01 to 02 0] O|030ANTTA  [26JANTTA
FRF Blevated Deck - 07 [20JAN114 O7TFEBT1A
FRF Concrete Fads/Curbs - 02 5| ofzasEsiia  [ZEFEENIA o oo 07 Smtia Toseenia
StripReshors - O7 to DB 17FEB1MA  |22FEB11A

Third Floor
Concrete Operations

Rermowve Rechores - D to 07 [ZEFEB11A  |DEMARTIA

FRF Concrete Pads/Curbs - 07 27APR11A. |D2MAYTIA
Eighth Floor
Concrete Operations

AGE100160  [FRP Eevated Deck - 02
AGE101MED  [FRF Columns - D3 fi

AGS100280 | StipReshore - 023 to 04 10
AGE100140  [Remowe Recheores - D2 to D3 10
CH121740 FRF Concrete Pads/Curbs - D3

Fourth Floor
Concrete Operations

DEDECT0A  |2EDECIDA

10DECT0A  [ZBDEC1DA FRP Elevated Deck - 02 oamEa11a [16FEBTIA
21IDECI0A  [14JANT1A FRF Columns - 05 ceFEz11a [17FEBTIA
TTIENTIA  [ZBJANTIA Strip/Reshors - 05 to 02 23FE311A |DaMARTIA
Remov= Reshores - 07 to 02 TEMARTIA  [2IMARTIA
FRF Concrete Pads/Curbs - 05 27APR11A. |D2MAYTIA

Ninth Floor
Concrete Operations

o|lo|lo(o|o

(ZIFEE11A [ZEFEB11A

FRP Blevated Deck - 02 11FEB11A  [2EFEBT1A

o
FRP Blevated Deck - 04 DECI0A  |DBJANTIA FRF Columns - 08 D[1eFERIIA  |D2MARTIA

StripiReshors - 03 to 10 0] D|[BEMARTIA |T7MARTIA
FRF Columns - 4 ZTDECI0A  |DTJANTIA Rerrov Reshores - 06 to 03 | O[iaMaRiIA |TEMARTIA
Strip/Reshors - 04 to 05 10| O[140ANTIA  [ZEJANTIA CN121280  |FRP Concrele Pads/Curbs - 08 5| ofziAPRIIA  |oeMAYIIA




Tenth Flaor

Concrete Operations
FRF Elevated Deck - 10 plziFEa11A  [11MaR11A
FRF Colurmns - 10 DloamMaR11A [1EMARTIA
StripResherz- 10to 11 0] ofiemarita [2emaRnia
|Remave Resheres - 08 e 10 0] O[2IMARIIA |20APRITA
FRF Concrete Pads/Curbs - 10 5| O[27APRI1A |DZMAYTIA

Eleventh Floor

Concrete Operations
FRF Elevated Deck - 11 Dloanmeariia [24mar1a
FRF Columns - 11 oliemeariia [2EMaR11A
StripResherz- 1110 12 0] ofaomemiia [1serR11A
Remave Resheres - 10 to 11 U[Z08PR11A  |266FRITA
FRF Concrete Fads/Curbs - 11 5| ofz7ePR11a [ozmaviia

Twelfth Floor
Concrete Operations

FRP Elgvaied Deck - 12
FRP Columns - 12 ]
StripReshore- 12to R 10
Rermove Resheres - 1110 12

FRP Concreta Pade/Curbs - 12

1TMARTIA  |DEAPRITA
ZEMARTIA  (DBAPRT1A
1EAPR11A [2BAPR11A
Z0APR11A [2EMAYTIA
2TAPRI1A  (DZMAYTIA

olojo(o(a

FRP Elevated Deck - R D|ZeMaRiiA  |184PR1A

FRP Columns - R D[12APR11A  [14APRTIA

FRP Elzvaied Deck - EMR D[ZZAPR11A - |ZEAPRIMA

StripReshare - R o PHR 10 D|ZEAPR11A  |D3MAYTIA
0

FRP Concrete Pads/Curbs - PH 20APR11A (D4MAYTIA

Figure 55 Existing construction sequence for levels 1 through Main roof

As can be seen in Figure 55, the elevated slab for the roof was completed by April 15, 2011 where as for
the steel system the slab on deck on the main roof level would be completed by March 28, 2011. As a
result, the use of the steel system shortens the construction schedule by 18 days. RS Means 2012 was
used to determine the duration for each activity required to complete the steel system construction.
The detailed calculations for durations of the steel system schedule can be seen in Appendix E.
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Site Logistics

The site logistics of concrete versus steel construction will vary, therefore a site logistics study was
conducted to determine how the two materials will have to be managed differently on the same site.
The 1000 Connecticut Avenue project incorporated the use of Ox Blue to track the progress of the
project. Ox Blue is a web camera used to keep track and view the progress of the project on site. The use
of the web camera was executed on the first day construction began, which was on October 19, 2009.
For the site logistics study, images taken by the camera system were used to determine the site logistics
of the existing system. Select images taken during the course of construction were used to help with the
site logistics study. Select images used for the study can be seen in Figures 56 through 61.
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Figure 56 construction site before excavation (October 2009)
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Figure 57 Beginning stages of excavation (December 2009)
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Figure 58 Construction site after excavation (April 2010)
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Figure 59 erection of the subgrade four - level underground parking garage (October 2010)
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Figure 60 Erection of the twelfth story (main roof) (March 2011)
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Figure 61 Concrete tops out in May 2011 and the early stages of glass curtain wall installation

Based on Figures 56 through 61, the site appears to have been managed the same throughout the
structural system’s construction. An animated depiction of the site logistics can be seen in Figure 62.

April 4, 2012 1000 Connecticut Avenue | Washington DC
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Figure 62 Existing concrete system’s site logistics

As can be seen in Figures 56 through 61, the management of the site appeared to stay the same
throughout the different phases of the project in terms of equipment location and vehicular egress. The
crane shown in Figures 56 through 61 is used to lift the form work and is used to place the concrete. The
existing site appears to have used the crane and bucket placement method to pour and place the
concrete. The private alleys are shut down during construction and are used as egress for the trucks. As
can be seen in Figure 58 the trucks enter the site by traveling South on Connecticut Avenue and using
the service road along K Street and the alleys as egress to gain access to the sight. The trailers are
located along Connecticut Avenue which is a good viewing location for the project managers and
engineers to track the progress of the project.

After analyzing the site logistics for the existing concrete structure, a study was completed to determine
how the site will have to be managed if steel were used. The proposed site logistics for the steel
construction can be seen in Figure 63.
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Figure 63 proposed site logistics plan for steel construction

It’s assumed the steel members will be labeled before arriving to the construction site. As a result, the
members can be placed directly in the steel lay down areas upon arrival to the site. The same tall crane
used for the concrete construction will also be used for erecting the steel members. Concrete will be
placed by using the crane and bucket method, the same method used in the concrete construction. The
crane and bucket method takes longer to execute than using a concrete pump, but it’s still effective and
less expensive. In addition, with the use of the same crane and concrete placement method there will be
no additional cost accumulated when erecting the steel system. The lay down areas for the steel will be
located adjacent to the crane and near the south facing wall for easy access. The same egress paths used
for the concrete construction will also be used for the steel system construction.

After the analysis, it was shown that the site will be management very similarly to that of the concrete
construction site, with the difference being the requirement of lay down areas for the steel members.
The same equipment will be used which will avoid any additional cost. The Crane and bucket method
will be used to pour the concrete. The same crane used for the construction of the existing system can
be used for the erection of the steel system.



LEED Certification
After changing the structural system to steel, it was shown that the certification for the shell and core

will remain platinum certified. The LEED analysis of the new and existing systems was based on LEED 2.0

for New Construction and Major Renovations. The use of the new system will increase the rating from

51 points to 52 points. Under the Material and Resources category, with the use of steel the building will

be able to use at least 1% of reused steel for the structural members and metal decks, in which the new

system will be able to obtain 1 point for credit 3 (Materials and Reuse, 1%). In addition it is assumed that

the building re-located to Arlington, VA will be located in a previously developed site (Credit 1 under

“Sustainable Sites”) and the building will be located in a developed community. Since the building will be

re-located to downtown Arlington, the point for credit 2 under “Sustainable Sites” will be achieved. The

analysis of the existing system’s LEED certification can be seen in Table 42.

Categories

Credit

Status

Possible Points

Points Achieved

Prereq 1-Construction Activity Pollution Prevention

Sediment and erosion control plans

; . - ¥ ¥
included in submission
Credit 1- Site Selection project is located on previcusly developed site 1 1
above floodplain, etc
Credit 2- Developed Density & Community Connectivity  Project is located within downtown DC area 1 1
Credit 3 - Brownfield Revelopment Project does not appear to be a Brownfield. Project 1 N
will be doing asbestos abatement
Credit 4.1 - Alternative Transportation, Project site is located within 0.5 miles of 2 metro N N
Plublic Transportation Access stations, Farragut west and north
credit 4.2 - Alternative Transportation, Assumed FTE cccupants: 1445
Bicycle Storage & Changing Rooms Bike parking required: =40 spots
Showers required: 8 1 N
Bike parking provided: 41
Showers provided: 3
Bike racks added on street level
Credit 4.3 - Atlernative Transportation, Low Emitting  Total Parking: 256
& Fuel Efficient Vehicles Parking for low emit/fe veheicles req'd: 12 spots 1 1
SUSTAINAEBLE Parking dedicated: 13 spots
SITES Credit 4.4 - Alternative Tr.anspnratiun, Parking F‘ark?ng req'c!: 15.3 N N
Capacity Parking provided: 256
Credit 5.1 - Site Development, Protect or Restore Green roof area meets requirements, but it must be
Habitat determined if plants for green roof qualify as native 1 1
or adapted
Credit 5.2 - 5ite Development, Maximize Open Space Mo opent space require
Provide open space= 20% of site area
Site area=33,2315F 1 1
Open space req'd: 3310 5F (20280 5F green)
Open space provided: 2 18600 5F [green roof)
Credit 6.1-5torm Design, Quality Control Previously developed site required 255% reduction
instormwater rate and quantity. 1 1
Green roof increased pro-development imperviousness
by appro:x. 40%.
Credit 6.2 - Stormwater Design, Quality Control Z5% uncontrolled run-off. Green roof satisfies
treatment for city. No other additional treatment 1 a
planned for building
Credit7.1- Heat |zland Effect, Mon-Roof All parking is underground 1 1
Credit7.2 -Heat Island Effect, Roof Roofarea= 31,664 5F
S0 = 15,610; 755%= 23,514 5F 1 1
Green roof provided= 16,687 5F [513)
Credit 8- Light Pollution Reduction Meetingon 10/24,/2011 indicaed they may try and pursue
thiz credit. E-6.01 has Ltg Control system well defined. 1 1
PCF zendexterior lighting product cut sheets. Project meet
requirements
Credit'9-Tenant Design & Construction Guidelines SDK sent draft copy of tenant guidelines to owner
on7/17/07. Cwner provided delivery receipt of tenant 1 1
guidelines.
TOTAL SUSTAINBLE SITE POINTS 15 14




Credit 1.1-Water Efficient Landscaping, Reduce 50% - 1 1
Credit 1.2 -¥Water Efficent Landscaping, No Potable £/21/07 Team confirmed no permanent irrigation will be 1 1
Water Use or No Irrigation included inthe project
WATER Credit 2 - Innovation Wastewater Technologies Nofixture performance in DD Set. MEP spec refers to the use N N
of water saver type fixtures
EFF|C|ENCY Credit 3.1-Water Use Reduction, 20% Reduction Teilets 1.6/1.1 gpm: Urinals 0.50 gpf; sinks 0.50 gpm; 1 1
showers 1.25 gpm. Current % reduction at 41.5%
Credit 3.2 - Water Use Reduction, 30% Reducticn Toilets 1.6/1.1 gpm: Urinals 0.50 gpf; sinks 0.50 gpm,; 1 1
showers 1.25 gpm. Current % reduction at 41.5%
I TOTAL WATER EFFICIENCY POINTS 5 5
Prereq - Fundamental Commissioning of the Building 50K engaged as Cx agent. Addendum 1 has 230800
Energy Systems with full checklists; OK. No reference in 239000 or 239250
[BAS Sections) or 260100n to 230800 0r 019100 in Add 1, ¥ Y
Add 2, or Amd 1. (WG indicated that references are not
allowed and all DIV 1 spcs will be applicable).
Prereq 2 - Minumun Energy Performance EMO report confirms compliance. Y Y
Prereq 3 - Fundamental Refrigerant Management Drrawings show use chillersto use R-134a Y Y
ENERGY Credit 1- Optimize Energy Performance CDCreport shows 21.1% or 4 points. £/3/10- EMO indicates 2 2
project will earn maxmimum 8 points.
&- Credit 2 - On-5ite Renewable Energy, 1% Mo uze of renewable energy shown in drawings 1 [+]
ATMOSPHERE Credit 3 - Enhanced Commissioning Enhanced Cx not selected for implementation by owner. 50K
Engineers downgraded point, no acceptance of enhanced ox 1 s}
and projectis to late to include.
Credit 4- Enhanced Refrigerant Management Calc made 10/9/07 with Chillers and Packaged ACUs. 1 1
Credit 5.1- Measurement & Verificzation, Base Amd 1 provided additional requirements needed to meet ME&WV 1 1
Building
Credit 5.2 - Measurement & Verification, Tenant Amd 1 provided additional requirements needed to meet 1 1
Sub-metering tenant ME&V
Credit 6- Green Power, 35% 5DK sent green power options/cost estimate to ownership 1 1
"10/25/07
TOTAL ENERGY & ATMOEPHERE POINTS 14 12
Prereq 1- 5torage & Collection of Recyclables 90 =fof recycling shown in loading dock area. Distributed
recycling space is shown throughout the building and enforced Y ¥
intenant guidelines.
Credit 1.1- Building Reuse, Maintain 25%, 50%, 75% Building will not be re-using existing shell 3
of Existing Walls, Floors & Roof a
MATERIALS Credit 2.1- Construction Waste Management, Divert  CWH zpefication included in permit zet. SDK received demo 2
& 50%, 75% From Dizposal waste management plan 12/31/07 2
Credit 3 - Materials Reuse, 1% - 1 [+]
RESO URCES Credit 4.1-Recycled Content, Speify 10%, 20% [post- Construction document specification sections support credit 2 2
CONSUMEr+ pre-consumer)
Credit 5.1 - Regional Materials, 10%, 20% Extracted Construction document specification sections support credit 2 2
and Manufactured Regionally
Cresdit & - Certified Wood ‘Wood iz to be used forfinishes and wood doors 1 1
I TOTAL MATERIALS & RESOURCES POINTS 11 7
Prereq 1-Minumum IAQ Performance Ventilation calcs indicate all araea exceed 62.1-04. Addendum v v
1 brough Fitness OA ofm up to 30% above 62.1-04
Prereq 2 - Environ. Tobacco Smoke Control Nosmoking allowed within the building according to DC code Y Y
Credit 1 - Butdoor Air Delivery Monitoring Add. 1 now has 0A Flow monitoring Al points for OA Valves for 1 1
all AHU= and all ACUs serving occupied spaces.
Credit 2 - Increased Ventilaticn Ventilation calcs and Addendum 1 for Fitness 0A now show all
mechanically ventilated paces are at least 30% higher 1 1
than£2.1-04
Credit 3 - Constuction |1AQ Management, During Clark submitted Construction 1A% Management Plan. 1 1
Construction
Credit 4.1 - Low-Emitting Materials, Adhesives & No mention of Low VOC adhesive and sealants in permit spec
INDOOR Sealants
ENVORONMENTAL Credit 4.2 - Low-Emitting Materials, Paints Low VOC paints enforced in bid and addendum set
QU LITY Credit 4.3 - Low-Emitting Materials, Carpet .CEI'pEtSPEI:IfII:EtIDH included. CRI green label plus enforced 3 2
in Addendum 1
Credit 4.4 - Low-Emitting Materials, Composite Wood &  Composite wood requirements included in specifications
Agrifiber Products
Credit 5- Indoor Chemical & Pollutant Source 10/24/11 meetingw, Cwner indicated credit is not being 1 °
Control pursued. Addendum 1 shows final filters revied to MERV-11
‘Credit & - Controllability of Systems, Thermal Comfort  Based on HVAC design, thermostats controlling VAV boxes will
beincluded 1 per 1.8 people on perimeter and 1 per4 FTEon 1 1
interior
Credit 7 - Thermal Comfort, Design MEP cutline spec gives design conditions for HVAC system 1 1
Credit8.1- Daylight & Views, Daylight 755 Tvis for glass is 0.61. Intials daylight calculation does not meet 1 °
755 area for 2% day lighting
Credit 8.2 - Daylight & Views, Views for 30% of spaces Drocumentation is complete and ready for submission in N N
LEED cutline.
I TOTAL INDOOR ENVIRONMENTAL QUALITY POINTE 11 3




Credit 1-Innovation in Design: Reduced HeatIslands | 100% of parking is underground 1 1
INNOVATION Credit 1.2 - Innovation in Design: Education Credit Sent education program details to owner on 10/25/07 1 1
and Credit1.3- Innovation in Design: Water Use Reduction  Toilets 1.6/1.1 gpm; Urinals 0.50 gpf; sinks 0.50 gpm; showers 1 1
405 1.25 gpm. Current % reduction of 41.5%
DESIGN Credit 1.4 - Innovation in Design: Exemplary Performance  Projectis located close to multiple transport options N N
inTransporation
Credit 2 - LEED Accredited Professional EDK gualities as a LEED AP 1 1
I TOTAL INC:OOR ENVIRONMENTAL QUALITY POINTS 5 5
| TOTAL CORE and SHELL Paints 61 51 |
T
LEED CERTIFIED PLATINUM for COREand SHELL
23-27 LEED Certified for Core and Shell
28-33 LEED Certified Silver for Core and Shell
34-34 LEED Certified Gold for Core and Shell
45-61 LEED Certified Platinumfor Care and Shell

Table 42 Existing LEED certification check

Annual Revenue

After increasing the floor-to-floor height to 15’-0” and creating wider bays increased the rental value of
the space. The floor layout is more open and due to fewer obstructions due to columns and with an
increase floor-to-ceiling height of 10’-6” increases the openness of the space. A combination of wider
bays and higher-floor-to-ceiling heights increases the rental value of the space, therefore a revenue
study was performed to determine the amount of annual revenue that can be obtained with the use of
the new structural system. The analysis was conducted by contacting a realtor representative in
Washington D.C. to obtain information on the current asking rental price per square footage for the
space. A realtor representative at Summit Commercial Real Estate Agency located in Washington, D.C.
disclosed that the asking price for 1000 Connecticut Avenue is $55.00 per square foot. After asking the
representative how much more rent can be charged with the additional amenities of wider bays and
higher floor-to-ceiling heights, the representative disclosed that an additional $10-$20 can be charged
per square foot. Therefore the asking price can increase up to $65-575 per square foot.

For the analysis, it was assumed that the new building system will be located in a business district in
Arlington, VA and that the asking price for the existing building re-located to Arlington, VA will be $55
per square foot. It was also assumed that the rent would increase to $65 per square foot if the new steel
system were used in place of the concrete structure. The results of the annual revenue obtained with
the use of the new structural system versus the revenue obtained from the use of the existing system
can be found in Table 43.



Annual Revenue

Ammenities Existing Structural System Layout |NewStructural System Layout
Avg. column spacing 300" 35-0"
Floor-to-ceiling Ht 8'-p" 106"
#
of columns 29 55
above grade
Total rentable office area 370545 sf. ft. 370545 sf.ft
Total rentable retail area 15246 sf. ft. 15246 sf. ft.
cost per sg. ft. 555.00 565.00
Annual Revenue £20,279,975.00 $24,085,425.00

Additional Annual Revenue
Obtained from New $3,705,450.00
Structural System Layout

Table 43 Annual revenue comparison between new steel system and existing concrete system

As can be seen in Table 43, the annual revenue obtained with the use of the steel structural system
layout will increase the annual revenue an additional $3,705,450 per year.
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Acoustics and Lighting Breadths

After designing the new steel structural system, acoustics and lighting breadths were conducted for the
office spaces supported by the new system. The acoustics breadth involved determining the sound
treatments required for a typical office space housed in the new structural system. Based on the sound
treatments in the space, the sound transmission class (STC) and noise reduction (NR) values were
determined for a typical office space. In addition, since the new structural system was designed for
higher floor-to-ceiling heights, lighting illuminance applied to the work plane surfaces were affected. As
a result, a lighting breadth will be conducted by designing the lighting system for a typical office space
using the existing floor-to-ceiling height of 8’-6” and checking to determine if the same lighting system
can be used for the space with a new floor-to-ceiling height of 10’-6".

Acoustics Breadth

After changing the structural system from concrete to steel, the amount of sound transmitted between
the space increases. As a result, an acoustical study was performed to determine the type of wall
partitions, finish floor materials, and ceiling materials will be needed to attenuate the sound transmitted
between the office spaces. As a can be seen in Figure 64 1000 Connecticut Avenue will be comprised of
a series of office spaces located around the perimeter of the building. The private offices will be
occupied by attorneys.

TYPICAL FLOOR LAYOUT
33,083 rsf

Efficiency: sq. ft/Attomey: 626  Total Attorneys: 53 K STREET
Number of Partners: 26 Attorneys/Secretary: 1:3
Number of Associates: 27 Confarenca Seats/Attorney: 1.43:1

Figure 64 Typical floor plan layout

With the private office spaces being occupied by attorneys, speech privacy will be very important and
must be considered when designing the office spaces. For analyzing the office space, the speech privacy
analysis method outlined in Chapter 6 of “Architectural Acoustics” by David M. Egan will be used. The

April 4, 2012 1000 Connecticut Avenue | Washington DC
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speech analysis method is a step-by-step procedure broken down into 6 steps that are used to
determine the minimum STC rating for common barriers between adjacent spaces in order to achieve
satisfactory privacy. The speech privacy analysis procedure can be seen listed and described in Figure 65.

1. Speech Effort (dBA): Describes how people will talk in the source room. It
is assumed that both talker and listener are located at least 2 to 3 ft away
from the common barrier.

Conversational: Most private offices, hotel rooms, hospital patient rooms, and
so on, where face-to-face conversations between persons are within 6 ft, or
words are spoken into a telephone.

Raised: Boardrooms and conference rooms where people usually increase
their speech effort to a raised voice level. (Seating layouts for conference
rooms should be circular, oval, or lozenge-shaped so talkers and listeners will
be close together.)

Loud: Noisy computer equipment rooms, where operators must speak in a
loud voice to communicate; psychiatrists’ offices; and classrooms.

Shout: Psychiatrists’ treatment rooms, where patients may become excited.
Under conditions of determined screaming, sound levels can be much greater
than 78 dBA.

2. Source Room Floor Area A, (ft2): Approximates the effect of sound ab-
sorption in the source room.

In a small room, sound reflects more frequently from the room surfaces
which results in a buildup of sound energy. Conversely, in a large room sound
will tend to spread out so the level of speech signals will be lower. It is as-
sumed by the speech privacy method that at least one major surface is sound-
absorbing. However, for sparsely furnished reverberant rooms, use A4, < 1/2
of the actual source room floor area.

3. Privacy Allowance: Represents the kind of privacy that is desired.

Normal: The occupant wants reasonable freedom from disturbing intruding
speech. Intruding speech may be loud enough to be generally understood with
careful listening but not sufficiently loud to distract occupants from work activi-
ties. For example, although engineers, accountants, and other professionals
may work closely together, they routinely desire privacy from their neighbor's
distracting conversations.
Confidential: The occupant does not want private conversations overheard in
the next room. Intruding speech is reduced so that an occasional word may be
recognized but comprehension of phrases and sentences is not possible. Doc-
tors and lawyers usually require confidential privacy; likewise, such privacy is
essential in courthouses between courtroom and jury room, and between
courtroom and witness waiting room. Executives and supervisors also usually
require this degree of privacy to be free to discuss sensitive issues with em-
ployees.

4. Sound Transmission Class STC: Accounts for sound transmission loss of
common barrier.

The STC is a single-number rating of airborne sound transmission loss
performance for a barrier, measured over a standard frequency range. STC rat-
ings are given in Chap. 4 for various building constructions. If all other speech
privacy factors are known, the required STC can be determined by setting the
speech privacy rating number equal to 0. A speech privacy rating number of O
represents a condition where excessive intruding speech does not occur.

5. Noise Reduction Factor A,/S: Approximates the effect of sound absorption
in the receiving room and the size of the common barrier.
The receiving room size A, (floor area, ft2) is important because noise
buildup is greater in small rooms than in large rooms. The common barrier size
S (surface area, ft2) is also an important factor because it will be the primary
transmitter of sound energy to the receiving room. The larger the common
barrier, the more sound transmitted.

6. Adjacent Room Background Noise Level (dBA): Represents masking
sound available.

The background noise levels in the adjacent room should be designed to
cover up, or mask, the intruding speech signals. Background noise should be
bland, continuous, and virtually unnoticeable to the occupants. Recommended
background NC leveis and corresponding RC levels are presented in Chap. 4.
{Remember dBA values are about 6 to 10 greater than corresponding NC
criteria.) It also is important that the source of the background noise be reli-
able. For example, in offices where work activity fluctuates, the noise pro-
duced by the activity also will fluctuate. Consequently, designers should al-
ways specify reliable sources of background sound such as airflow noise at air
diffusers of constant-volume HVAC systems or, in special situations, neutral
noise from electronic masking systems (not music, which contains informa-
tion).

Figure 65 Speech privacy analysis step-by-step procedure from “Architectural Acoustics” by M. David

Egan
April 4, 2012 1000 Connecticut Avenue | Washington DC
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For the acoustical study, the common wall barrier between a conference room and private office was
evaluated.

TYPICAL FLOOR LAYOUT
33,083 rsf

Efficiency: sq. ft./Attomey: 626 Total Attorneys: 53 K STREET
Number of Partnars: 26 Attoreys/Secratany: 1:3
Number of Associates: 27 Confarenca Seats/Atiorney: 1.43:1

Figure 66 Plan of an attorney’s private office (right) and adjacent conference room (left)

The dimensions for the two spaces used for analysis can be seen in Figure 67.

April 4, 2012 1000 Connecticut Avenue | Washington DC
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Figure 67 Private office room and conference room dimensions

According to the existing partition schedule, one of the partitions used as a common barrier between
the enclosed spaces can been seen in Figure 68. For analysis, this partition type will be used as a
common wall barrier between the office spaces housed in the new structural system.

1P 0.,

P AT
RN L

Figure 68 Common partition wall barrier between the private offices and conference rooms with an STC
rating of 54
Image obtained from the existing partition wall schedule sheet A1.50



The above partition wall barrier was used to determine if it provides satisfactory privacy between the
two spaces chosen for analysis.

To begin the analysis, it was decided that both enclosed spaces will have carpeted floors and sound-
absorbing acoustical ceilings. With the spaces being occupied by attorneys, it was assumed that both
spaces will be used for confidential work. The step-by-step speech privacy analysis can be seen in Table
44 and Figure 70.

Speech Privacy Analysis

Step 1: Speech Effort Source Room: Conference Room
the speech effort will be raised
Step 2: Source Room Floor &rea &, L= 411.5 ft?
Step 3t Privacy &llowance Confidential privacy
Step 4 Sound Transmission Class The 5TC value for the comman
partition wall barrieris 54
Step 5 Moise Reduction Factaor {&o/5) Receiving Room (private office) Floor Area, &= 200 ft?
Cormmon YWall Barrier Surface Area, 5= 163 ft*
MRF= 1.19

Step & Adjacent Room Background MNoise According to chapter 4 of "Architectural Acoustics" The minumum
recormmended background noise due to the HWAC is:
Moise Criteria (MC) - 30 for the private office
MC - 25 far the conference room

Table 44 Summary of speech privacy analysis results



ANALYSIS SHEET (ENCLOSED PLAN)

Analysis Sheet (Enclosed Plan)

Anticipated response to privacy situation
A

Apparent (R T T T 7T

satisfaction

Mild
dissatisfaction \

Moderate \
dissatisfaction \
Strong \

dissatisfaction \

Serious
dissatisfaction

i i Lk e e i
5 10 15 20

Speech privacy rating number

2. Source room floor area (A,): approximates
effect of source room absorption 9 6 3

Confidential ~ Normal
3. Privacy allowance: degree of privacy

6. Adjacent room background noise level
(dBA): masking sound available

Speech privacy rating number

total. Then use graph at top of sheet to predict degree of satisfaction.
A

desired 15 9
Isolation rating
4. Sound transmission class (STC): accounts

for transmission loss of common barrier
5. Noise reduction factor (A,/S): 1 5 10

approximates effect of receiving room sound *T_'_r_l_'_”—"
absorption and common barrier size S 02 345 67 4

NOTE: Curve shows average

Speech rating
Shout Loud Raised  Conversational
1. Speech effort: how people talk in
source room
78 72 66 60

126 250 500 1000 (sq ft)

response of people to
intruding speech based on
rating number figured
below.

A

Low 66
54

4

15

B Speech rating total

54

Find speech privacy rating number by subtracting isolation rating total from speech rating

M Isolation rating total
=]

Figure 70 Analysis sheet showing minimum required STC for the wall
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As shown in Figure 70, the speech privacy analysis resulted in a speech privacy rating of -5. This shows
that the STC-54 rated 8” partition wall with 2-layers of 4" thick gypsum wall board on both sides,
staggered electrical boxes isolated with insulation, and 2 %" metal studs spaced 24” o.c. and is very
adequate for providing speech privacy for the offices housed in the new steel structural system.

Lighting Breadth

Increasing the floor-to-ceiling height from 8’-6” in the existing structure to 10’-6” in the new structural
system caused the distance to the work plane to increase. Assuming the light fixtures are suspended 1.5
ft. from the ceiling and the work plane is 2.5 ft from the floor, the work plane distance will increase from
4.5 ft. to 6.5 ft in the new system. As a result, the lighting system used in the existing system may not
work in the new system with higher floor-to-ceiling heights. For the lighting breadth, the lighting system
was designed for a typical office space using the original floor to ceiling height of 8-6”. After changing
the floor-to-ceiling height to 10°-6”, the same lighting system was checked to determine if it could be
used with the new work plane distance. The space chosen for analysis can be seen in Figure 71.

1
a

Figure 71 Typical office with existing lighting system

To begin the design, the important tasks that occur in the space had to be determined. It was found that
the tasks that will occur in the private office space consist of reading, writing, and computer work. Next,
based on the tasks that occur in the space, the target illuminance for the office was found to be 30 foot-
candles, which was obtained from the IESNA Handbook. The light distribution must be within + 10
percent of the target illuminance. Therefore, the illuminance of the light distribution must range
between 27-33 foot-candles to be acceptable.

April 4, 2012 1000 Connecticut Avenue | Washington DC



The lighting fixture was selected using Delta Light and a (2) 28 W T5 lamp was chosen using Sylvania’s
lamp and ballast catalog, which can be found in Appendix F. The light fixture chosen has 87.3%

efficiency, which consists of 27.4% of up light and 60% of down light. The light fixture can be seen in
Figure72.

Figure 72 Lighting fixture chosen for the typical office space

After assuming the surface reflectances and determining the total light loss factors, AGI was used to
determine both the layout and number of luminaires needed to meet the 30 foot-candle target
illuminance for the given space, which can be seen in Figures 73. For design simplicity, the triangular
shape of the curtain wall was neglected and was assumed to be straight.



17.1 %1.5 %3.6 23.9 %23.9 %23.5 “1.4 7.0

4.2 B1.8 B5.0 B4.0 %33.9 %B5.1 W17 24.1

33.0 “e.1| %1.3 6.3 6.3 Bifs ue.1 Bz2.9

38.6 55.5| %B1.9 B4.8 Ba.z Bils 5.5 33.6

38.6 55.4| %B1.9 4.9 Ba.9 Telfs 5.6 33.6

32,9 ‘e.l| B1.4 6.4 e.a Sifs el S2.9

4.2 B1.8 B5.0 B4.0 %B4.0 %B5.1 W17 2402

17.0 %1.5 %3.6 3.9 %3.9 3.6 1.4 "17.0

Figure 73 office plan with luminaire layout and illuminance values

The above layout results in a 37.4 foot-candle illuminance which meets the space’s target illuminance. A
rendering of the space with the new layout can be seen in Figure 74 and the office space’s thermograph
with the new lighting system can be seen in Figure 75.
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Figure 74 Rendering of the office space with 8’-6" floor-to-ceiling height

Figure 75 A thermograph of the of the office space with 8’-6” floor-to-ceiling height

The consistent blue color on the floor and walls in Figure 75 represents the designed lighting layout
uniformly distributes the light through the space, thus preventing any hot spots from forming on the
vertical and horizontal work planes.

In addition, after determining the number of luminaires needed to meet the target illuminance, the
power density was calculated to determine the amount of energy the new lighting system uses. A
summary of the power density calculations can be seen in Table 45.

April 4, 2012 1000 Connecticut Avenue | Washington DC



Existing Systemn withan 8'-6" Floor-To-Ceiling Height

Design Criteria:

Tasksinclude: office work [reading, writing, meetings, etc), and PC work
Targetilluminance level: 30fc
Additional Considerations: Avoid reflected and directglare

Create uniform layout with uniform light distrivbution within £ 10 % of target illuminance

summary of Lighting System:
Product Information

Luminaire Type: Mobody 200 P1254
Catalog Number: 63310238
Dre=cription: Direct/Indirect light distribution

Room Details:

Length= 15 ft
Width= 15 ft
Ceiling Height= 8.5 ft
Room Floor Area= 225 ft*
Waork Flane Height= 2.5 ft
Room Reflectances:
Ceiling [acoustical ceilingtile) 70 %
Wall [sypsum wall board painted white) BO 5%
Doors [wood) 30 %
Windows B %
Floor (light gray carpet) 20 %
Average Wall Reflectance, p g 0= 0.30 (217} +0.08(127. 5/} +0.60 (361 .57t} = 45.7 %
510t
Light Loss Factors [LLFs)
Luminaire Dirt Depreciation| LLD) 0.93 [The luminaire is lensed and it's assumed the luminaires are on a twelve
manth cleaningschedule and are located in a clean environment)
Lamp Burnout Factor [LBO) 1.0 (It's assumed the lamps are going to be changed as they burn out)
Lamp Lumen Depreciation [LLDY) Meanluments | 2418= 0.93
Initial Lumens 2600
Ballast Factor [BF) 1.0
Total LLF LOO*LBO*LLD*BF= 0.B65

Calculations:
The lumen method

Eu= lamps perlumingire x #of luminaires xCllx L Fs= 37.4 [obtained from AGI analysis)
Floor area
Power Density used=1 ballast/lum(4 lum[65 W)= 0.510 W/t
S10f°

Table 45 Power density calculations

It was found that the power density of the lighting system was 0.510 W/ft>. According to IESNA 2010,
the maximum power density for a closed office space is 1.11 W/ft’. This represents that the new lighting
system conserves energy and thus results in energy savings.

After designing the lighting system for the office space in the existing structural system, the same
lighting system was checked to determine if it will meet the office space target illuminance in the new
structural system with higher floor-to-floor heights. Using AGI to check the design, the floor-to-ceiling
height was increased to 10-6". Keeping the work plane height at 2’-6” and the suspended lighting fixture
distance at 1’-6”, the distance to the work plane increased to 6’-6” in the new system. The illuminance
values of the new space can be seen in Figure 76.
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5.4 9.2 %1.3 22,0 22.0 %1.2 19.2 15.4 Project 1
Calc Pt=
1.2 %7.4 %0.2 %B0.1 0.0 %0.3 %7.3 %11 affice
_ urninance [Fiz)

28.0 8.8 43.4 739.7 3s.7 3fs 8.2 27.9 Average=32.44  Madimum=52.7
Mimimum=15.4  Avg/Min=2.11

. . . . . . . . b & tdin=3.42
32.4 46,7 52.3 46.5 46.5 52.3 46.7 32.4

2.6 17.0| B2.6 6.8 6.7 527 1.0 %32.6

28.4 39.7| 4.4 0.4 0.5 ‘242 9.6 28.4

21.7 %8.2 %B1.2 B0.9 Bo0.s %B1.2 %8.1 %1.6

15.8 79.8 21.9 %2.6 2.5 21.9 9.7 "15.8

Figure 76 llluminance values of the office space with a 10’-6" floor-to-ceiling height

After the analysis, it was found that the lighting layout used in the existing office space can also be used
in the new space with an increased work plane distance of 2’-0”. As can be seen in Figure 76, the design
resulted in an average illuminance of 32.44 foot-candles, which meets the target illuminance within
1+10%. A rendering of the space with the new layout can be seen in Figure 77 and the office space’s

thermograph with the lighting system can be seen in Figure 78.

Figure 77 Rendering of the office space with 10’-6” floor-to-ceiling height

April 4, 2012 1000 Connecticut Avenue | Washington DC
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Figure 78 A thermograph of the office space with 10’-6” floor-to-ceiling height

The consistent blue color on the floor and walls represents that the designed lighting layout uniformly

distributes the light through the space therefore preventing any hot spot from forming on the vertical
and horizontal work planes.

In addition, after determining the number of luminaires needed to meet the target illuminance, the
power density was calculated to determine the amount of energy the new lighting system uses. A
summary of the power density calculations can be seen in Table 46.
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New System witha 10'-6" Floor-To-Ceiling Height

Deszign Criteria:

Tasks include: office work [reading, writing, meetings, etc), and PCwork
Targetilluminance level: 30 fc [obtained from IESNA &
Additional Considerations: Avoid reflected and direct glare

Create uniform layeurwith uniform light distrivbution within £ 10 % of target illuminance

Summary of Lishting System:
Product Information

Luminaire Type: Mobody 200 P1254
Catalog Number: 53310288
Description: Direct/Indirect light distribution

Room Details:

Length= 15 ft
Width= 15 ft
CeilingHeight= 105 ft
Room Floor Area= 225 | ft
Work Plane Height= 25 ft
Room Reflectances:
Ceiling [acoustical ceilingtile) 70 %
Wall [sypsum wall board painted white) ED %
Doors [wood) 30 %
Windows 3%
Floor (light gray carpet) 20 %
Average Wall Reflectance, p o = 0.30 [21f°) + 0.08[157.5f" ) + 0.60 [451.5f") = 45 %
E30ft°
Light Loss Factars [LLFs)
Luminaire Dirt Depreciation| LLD) 0.93 [The luminaire is lenzed and it's assumed the luminaires are on a twelve
maonth cleaning schedule and are located in a clean environment)
Lamp Burnout Factor [LBO) 1.0 [It's assumed the lamps are going to be changed as they burn cut)
Lamp Lumen Depreciation [LLD) lMean luments = 2418= 0.93
Initial Lumens 2600
Ballast Factor [BF) 1.0
Total LLF LOD*LBO*LLD*BF= 0.865
Calculations:
The lumen method
Epr= lamps perluminaire x#of luminaires xCUxLLFs = 32.4 [obtained from AGl analysis)
Floorarea
Power Density used=1 ballast/lum[4 lum)[E5 W= 0.413 k'-’fﬁ:‘

£30f°

Table 46 Power density calculations

It was found that the power density of the lighting system was 0.413 W/ft>. According to IESNA 2010,
the maximum power density for a closed office space is 1.11 W/ft?, which represents that the new
lighting system conserves energy and thus results in energy savings for the new space.

In addition to designing the lighting system for the typical office space supported by the existing and
new structural systems, the control of reflected glare was investigated. According to “Mechanical and
Electrical Equipment for Buildings,” there are a number of techniques that can be used to minimize
contrast loss due to veiling reflections while maintaining adequate illumination. One of the techniques
investigated was physical arrangement of system elements. In a space that uses multiple sources,
particularly continuous rows as the design layout chosen for the office space, placing the work between



rows with the line of sight parallel to the long axis of the units is an effective technique. Figure 79 shows
both the preferred and non-preferred arrangement of work.

M

AAl
4

Figure79 Preferred and non-preferred arrangements of four possible work planes
Image obtained from “Mechanical and Electrical Equipment for Buildings”

According to “Mechanical and Electrical Equipment for Buildings,” M2 is the best location in that the
work plane receives light from both rows of luminaires. Positions M1 and M3 are undesirable because
they have bright sources in the offending zone, which can be seen depicted in Figure 80. Position M4 is
also an ideal location because there are no glare sources in the offending zone.

| 1 210::

¢
Offending zone—)

Critical zone

80"

Chair _t'U)l
20"

(@)

Figure 80 Offending and critical zones for the work plane
Image obtained from “Mechanical and Electrical Equipment for Buildings”

Based on the above information, if the work plane (desk) in the office space were located between the
two rows of luminaires, where the occupants line of sight were parallel to the long axis of the luminaire
units (similar to location M2 in Figure 79), direct and reflective glare would be avoided because the light



contributed by the two rows of luminaires would bounce off of the desk away from the occupant. This
desk configuration would also prevent shadows. If the desk were placed in front or directly beneath the
row of luminaires (similar to locations M3 and M1 in Figure 79) the occupant would be subjected to
direct and reflected glare and shadows, which are undesirable.



Conclusion

Before re-locating 1000 Connecticut Avenue to Arlington, VA it was found that to stay within
Washington D.C.’s zoning height limit of 130 ft. when using the new steel structural system the system
would have to be designed for a reduced number of stories. Reducing the number of stories from 12 to
11 was undesirable, therefore to create a fair comparison between the existing concrete system and
new steel system the building was relocated to Arlington, VA, which does not have a height limit. The
goal of the re-design was to

e increase the bay sizes to open the floor plan layout;

e increase floor-to-floor height to increase the openness of the space;

e Reduce the construction schedule;

e Reduce the structural system cost;

e Increase the annual revenue by increasing the rental value of the space and increasing the
amount of rentable space

When designing the steel framing layout, a uniform layout was created to reduce number of required
skewed members and wider bays were created by removing certain existing column lines and relocating
columns. Wider bays were created to open the floor plan and to increase the rental value of the space
with reduced column obstructions and more rentable space. Maintaining an open floor layout was an
importance aspect of the re-design, therefore for the lateral system moment frames were used to avoid
obstructions in the in the floor plan layout and braced frames were located around the elevator shafts
and stairwell cores. The gravity system was designed as a composite steel system to achieve long spans
while maintaining minimal structural depth. AISC 14" edition was used to design the gravity frame
members. ETABS was used to analyze and design the lateral system. The lateral system design and
analysis was based on the wind and seismic lateral loads calculated according to ASCE 7-10. The wind
loads were determined by using Analytical Procedure (method 2) outlined in ASCE 7-10 and the seismic
loads were determined by using the Equivalent Lateral Force Procedure outlined in ASCE 7-10. After
designing the gravity and lateral systems, typical member connections were designed. The typical
connections designed were orthogonal and skewed shear connections and a moment frame connection.

After designing the gravity and lateral systems, two breadth studies were conducted to determine how
the new structural system affected other aspects of the building. The first breath study was construction
management impact. In this breadth, it was found that the new structural system will cost $5,994,630
more than the existing structural system. Second, the proposed construction sequence for the new
structural was erected 18 days sooner than the existing structural system, thus representing the use of
the new system reduced the construction schedule. Third, using the existing 1000 Connecticut Avenue
site for the site logistics analysis, it was found that the site will be managed similarly for both concrete
and steel construction. Fourth, the building will maintain LEED Gold Certification with the use of the new
steel structural system. Last, the revenue obtained from the new structural system with wider bays and
higher floor-to-ceiling heights resulted in additional revenue of $3,705,450 annually since the rental
value of the space increased with the new framing layout. Therefore based on the construction
management breadth, it is concluded that the new structural system with wider bays and higher floor-



to-ceiling heights results in an overall very successful design with a reduced construction schedule and
increased rental value. It is concluded that the proposed steel structural system is a viable alternative
system to use in Arlington, VA since the new system has many additional benefits compared to the
existing concrete structural system.

The second breadth studied was acoustics and lighting impact. This breadth involved determining the
sound treatments required for a typical office space located in the new structural system. The analysis
began by determining the level of speech privacy the common wall barrier between offices provided. It
was shown that a 54 STC rated 8” partition wall with 2-layers of %" thick gypsum wall board on both
sides, staggered electrical boxes isolated with insulation, and 2 %" metal studs spaced 24” o.c. and is
very adequate for providing speech privacy for the offices housed in the new steel structural system. In
addition, since the new structural system was designed for higher floor-to-ceiling heights, lighting
illuminance applied to the work plane surfaces were affected. As a result, a lighting breadth was
conducted by designing the lighting system for a typical office space using the existing floor-to-ceiling
height of 8’-6” and checking to determine if the same lighting system can be used for the new floor-to-
ceiling height of 10’-6”. AGI was used to design the lighting system for the space and the average
illuminance in the space was compared to the target illuminance of the space. The IESNA Handbook 10"
edition was used to determine the target illuminance and maximum power density for a private office
space. It was found that the lighting system designed for the space with a floor-to-ceiling height of 8’-6"
also achieved the target lighting illuminance for the space with a floor-to-ceiling height of 10’-6”".



References
American Insititute of Steel Construction (AISC). (2005). Manual of Steel Construction, 13 ed. Design
Supplement. Chicago, IL: AISC.

American Institute of Steel Construction (AISC). (2010). Manual of Steel Construction, 14th ed. Chicago,
IL: AISC.

American Society of Civil Engineers (ASCE). (2010). Minimum Design Loads for Buildings and Other
Structures. Reston, VA: ASCE.

Dilaura, David L., Houser, Kevin W., Mistrick, Richard G., Steffy, Gary R. (2011). llluminating Engineering
Society: The Lighting Handbook, Reference and Application, 10th ed. New York, NY: [lluminating
Engineering Society of North America (IESNA).

Egan, M. D. (1988). Architectural Acoustics. The McGraw-Hill Companies, Inc.

Gould, Frederick E. (2005). Managing the Construction Process, 3rd ed. Upper Saddle River, NJ: Pearson
Education, Inc.

Kloiber, Lawrence A. (2004). Orthogonal and Skewed Shear Connections Design and Detailing
Requirements. Retrieved February 12, 2012

RS Means. (2012). RS Means Building Construction Cost Data, 70th ed. Kingston, MA: RS Means
Company.

Schwinger, Clifford W.,Campbell, Todd R. (2010). Tips for Designing Constructible Steel-Framed
Structures. Structure Magazine, 33-35.

Steel Deck Institute. (2008). Vulcraft Steel Roof & Floor Deck. Florence, SC.

Stein, Benjamin, Reynolds, John S., Grondzik, Walter T., Kwok, Alison G. (2006). Mechanical and
Electrical Equipment for Buildings, 10th ed. Hoboken, NJ: John Wiley & Sons, Inc.



GEA JOHNSON | STRUCTURAL OPTION

Appendix A: Gravity System Design
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Gravity Floor System Design
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|
Wu s L2CSpsel Cloftd § 1.2 a2 ptf) ¥ Le(ro psf)C1oEHI T g, otf i
Mus Lade KIE CRESY_ 1265 K€t 3 S,mp ., increase Sechon
'
w6
e i
- wy T 900t LrQe) t 3202 125) pIf
Muz RVEFR & Ppppz 15t KA o ak for po shoring
@ cheek AW(‘.
W e U8 psé Clofidt 26 p1f = M6 pIf '
|
Ducz 5C0. 16 KEY( 2853 cae) = 162 ’
284 (2%000)C 248y |
[
Aw(’qu:—z_fi_g_ﬂ_\; Lagh 2 /"wc not sk }
240 o |
fry Wibx26 1 By, x £€02.926) 2853 Y cnu): 132" ¢ Bue gy ok 5
284 ( 290008( 301} :
|
|
@ check UL ond TL deflechon
wlex s }
2T, pant Y7 C2Qu=1 KY, Tip= t40 int E
7N
A= 5Co.028) QY C2e) g qun < By, ey 0,957 {
289 ( 2900c) €648) i
4y = SCLARVCINNICNE) .39 & By pmas 1T |
. 3
384 C2d000) € 648 ‘
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| 2 ~6¥ X o' - 6 By pase 4 of A

) eheck Mu, Vu eaad bm setf- wt ascumphon

My =252 bEF < BMnzT96 KEF o oK

Vuz 39k < #Vaz 1ok o ok

Self wt = 2 plf _ 2.4 pof < S psF ek
loft

| i

| W Erib,

IR a5 R 29, 1= <Ll x1 => 't shds ¢ 25’ ok

12,0 K

Use wikx 26 wi 11 shde

()
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28'~ 6" X Yo' —0" Bey pase S of A4

L)

exderior b B2
o e

B
—_—

28!

@ tolet jsed
deed loed 3
sleb - s pep
Spl - ko ps€

Sel€-wnt cllow, - S pcf€
Curbein well- 150 pi€

Wo =z (st lobs) per Cbus F4) # 260 pif = £35 pip

live locd:
L, = loo psf
iNfluence eca> 205 P CHs i) = 327,95 FHE < 'tooﬂll Ll vedection Ast appli cable

W T 100 psf Ce.s€4) <z §50 pIf

Wz L2 P3sit LbChbso)z 2092 pif
£ PMn = Pmp => 24> 1382 kPE C12) 269 7

@ sz 2041 if CRESEHY_ 1202 K6
SELa RSSO R RN
12 6.5 (5o kc;)
V= 204y KIE CRRSEIY _ 2q K < oVq
Bt S i
2
= = Lyzsn

€] ATL 3 41,_‘,,,”_‘ > L/u”

= I, 2 Zen C2553 “Ci728) | 1463 (a?

= WY
284 (25000 )¢ 111283

BF4ET

A

@ seleck ran- camposite W- shepe

2,z 22 0¥ 5 265 n? ok

by wix2e beem
Bttt s I ol 15

Bup = 140 IFE D 1202 kFE ol

Pvnz f9.2 e > K ol

pste: requiced bm Tz b Suppct grevity 1026,
For b 12¢ dvc o combined lotcral and srevity adstysis,
refe~ +o moment frace & elevshan in repect
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| | — |

P“St {4 o P—j

7N
. il |
1
l |
i |
|
{
’ |
! l
| |
| i
} |
| |
‘ |
; |
|
o
Interisr gicder éal
i (] P P ,
| 1 1 4 |
i
| o — 2
O total load
dead load: slab- s psf
soL - 1o psf
bm seif wi allowence - s ps€
surder self wt aflowance = % psf
e, live load: [,z lo0 psE

Tpz C20s% 285)CH6) = 1280 FE 5 oo £ redues. oe

Lz goo . | sl = 56 psf

- !
e.28 ¥ = 0.56
Jeado
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| 28 -¢vx “o' ~0* Bay | pase 7 of 1

GEA JOHNSON | STRUCTURAL OPTION

W = L2CIst 1ok £ts) + LeCse Y= 20 pif

Py z 204 psf Czr.u 285\ Clo} = S€ K
2

@ py = osopLs 50C 58U KICHoft) = N6 ked

Ve = tsp= LSCSB k) = F2.2 K
&) A £ M oex

6,050 PL3 2 L _wocny _ .33

ET 260 260

I‘B > n.nsa(lbl()c'“’ﬂ')? cig) - 2294 int

29000 Cl.33iR)

< = L oci2} 20
A = ATL‘max = _l___ -
40 240

T g2 %05 (426)C Yofr ) C2F)  4ypps int

29000 C2)

® required wnshoered strengih
sirder sel€- wt allowence

Pz La[ Crs3Ypsg clof) ] 285 F4) + tec2apsfIC AIC 205 FH) =
T
Slep

Muz 0.50 P = ©:S0C38s LYC Hof+) = 130 k€F < ¢g',/"lp

@) assume az2 Y12 s~ 1 o st

2

® select potentha] w-ghaper
CPma 2 sy KEE T 2 Yoo, Bpmp2 T30 ket)

w29x76 . Vizer, Tepz Y4000,

w2ukgq; iz 6, Tigz 4sso m4 , Braz 129 kfE, B mp: B0 kfE $Qq: sk

@ #of ﬂvdr/ sirder  ead economy
Lrom table 2-2i in Mepuel, Pz 205K

W29 £Gy o 08 - ypstde | 6%x ys' + U ghuds 4 10 ”/shd -
n o7
Wauxfu; s, o wo shds s BT o’ + Y0 shdsx 10F [g.4 o Tk B
s

ry W2INIS Singe s Mo Ceonomica

Bpn - 140 ket Popmp = M0 ke TGaz S0% K

April 4, 2012 1000 Connecticut Avenue | Washington DC
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April 4, 2012

28" -6 xua' <0" Bey

GEA JOHNSON | STRUCTURAL OPTION

Poge ? DF q

@ check Au' Oy, unshsred  sheenc ih M,

sirder self- wt acoumpt.

Oy = 0050 Clegycao')® Clr28} 8l g mEIE ok

21000 C 440 1n4)

By = 2:050 CBE)C ! )3 Cing) o LE3T £ 24 oK

27000 € Y9£?)

@ check =
az  Fén for interior ;‘rderl bege = X spen o 2 x Yecuwz) - 120" &
P —
o.8:f'c kel ¢ ¢
o 504 BT AV XU Iy e 22X —'—+"bw|&“\ = 1y 285 Q) _ 2424
0,85 C4)( 120) R S 2

unshaeed streagkh: Py =2 Ccarps€)Clafi) + 26 plf D C2R.5 PF) + Lg Cro)c lofd) c2ds F+) = 324 K

Mg T H50C3N U)o = 198 KFE < BuMes ase koK

M= 162 KEF < Bmaz 1240 KFE oK

VaZ $lrk < Pvn: 3isk oK

self wt = 26 pif
2514

2,6) ';( < Spcf sk

use W2UX b gicder with 42 chds

Exterior Cripder a2
e e,

@ foad :

becd. sleb- 75 psf
soL = 1o pof
b - Wt allow. - § psf
sicder se1€- wt allow. - S sl

wgjl- 250 pif
tive | loo psf 450 = 42 pIf

a,25¢ IS o068

a Jlloo

1000 Connecticut Avenue | Washington DC
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Final Report GEA JOHNSON | STRUCTURAL OPTION

28 -a" X “o'-0" Hoy pase G of 9

b~k allow,

P,z Cracast o ..5‘) pse + Ls Coppse) ] Cr1s.2s F+)CI0FH) = 34,2 K

i
Wz L2CS psEY Q1S 95 F1) + 1.2 Casa pi€d = 345 pI€
= T
Sirder Seif-wt allow.
@ My = %3zPLE wi? - 9F3C3K) Cho Fi) + 0.295 KIE Cho £4)2 o Y8 KEF 2 Bmp = BPMp
t2 e
Vaz LsSP + Wi o LsC3492p) + o.3asjif CHaft) . S%: kK & Qv,
Sl Gl =
2 2
Omp = BFyEx g, W KA € ap 3 a?
1 0.4 (S0 kgj)
® < R
S /.)n' mex = "/)uo T 2o
A = SeelopiL? we 0,010 €39,2) C4a) ¥ ci72) 9,395 Cya) ¥ C192F) 4304 o>
e = ¥ Ty
24ET 29000 Ty 2o C25000) Ty L, I,
2.0z 1941 © 5 7 ial
— ‘ -
5%
) Seleet  non-cornposite W Seetion
e |
= WLLSE girdtr required wl 2xz 139033 1202 in? oK
i to suppert  gravidy feed T = 1350 mY > 220nY 2K
Prin< s03 KEE > YRl kFt of
BUn - 252 K 2 SU2 Kk sk
Nole; Etebs sed For
lalerat anatygic sei€ wt = Ss pIE - 3.5 psF < Sps€ ok
15, 1S €
- rekr to Moment Frome t
elevohan 1n repak Car
Member 26 due to Combined lederal
and gravity anelysis
Extenise Chicder (a2
PO
vie Wwiynse wl 32 stude
—

= vreGr to excel sprecdcieet Far dezion
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Z8"6" x 40-0" Bay

Exterior Girder G3- simply supponed with 3 point loads and a distributed desd load

ttep 1 Deadload: slab 75 i
DL 10 psf
bm e Howt allow. 5 mf
girler solfwt allaw, 5 mf
wall 250 olf
Live Load: office space 100 psf
Trib. Width: 15.75 #
Span, L a0 h
Influenca Area: 1200 #
[LPY 058
P 343 kips
W= 1395 kH
Sep 2 M= 763 ki 5 @#an
Wy 592 kips % @vn
Hep 3 Assuie a= 2t W2=T-af 265"
sten 4 A Sy e L/240= 2in
[ P— 249 kim
[ 0320 ki
Lo 2703 i
step s umshared strength §M,
Do ad Laad: slab 5 mf
girder selbw allow. 5 il
Live Load: Constr, 1L 2 st
Trib. Width: 15.75 #
Span, L a0 h
P= 202 kips
M= 232 kit S@M,
step § Selact potantial wesh apes
1M,z TE3 R, 1,2 2703 ing, @hMpz 403 ki
W21x57 ¥i= BFL W2 &S5 ¥i= &
Fan 409 ki Fan 229 kips
#an= 250 kit an= 253 kit
@uMp= 434 kh Pohp= 503 ki
b= W = 2020
sten? #af stusks per girder and scanamy
stud strength s kips
W21457 T a2 B0 + 40 studk
econamy 2630 ¥
Waaxss Fon w2 304 - 32 studs
aconany: 520 0
Ty W24x55 wy 32 studs since if's maone ecnomical
stend  chadka
by 133 in
231 in
78 in
rsin| 280 in
Thn= 32 ks
Fig= 4 ksl
baff= 75 i
a= ¥ 085 ¢ aheff) L24 2200 ok
sen9 eha ok AlL, ATL, unshared strangh, M, Vo, and girdar seif-wt assumption
LR 103 ki
e 2m0g i
fy= 0.0 NSy p=1/360=133in ak
A= 185 inghy = 1f240= 2in ak
Umshared strength @hMp= 503 Mz 403 b ak
Fu= T63 KRS @Mn =853k ok
A 592 kips £ =252 kips ok
girder.self wi assumpt= girde rwi/trib, Width= 55 pif15.75f1= 35 psf s5psF ok

Ginder Design:

Use WA x5 with 32 studs
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20'-06" x 28'-6" Gey

composite Flr System vesisn

pozge

A

; [
fF————%

! 28,81

intenor Becon €1

A

c] wez €5k lotsy psE Cloft+) = 200 pif

2,50

max[ %2t 1€ L 5 5

NERY)

WLT §2.2 po€ CUFH T §I8 pif

Wuz 1:2C%03t L6C#ILY = 2ups pif

O pyz Wull | 2.8 C2rs3t_ qg ker
b =
¥ I3
My Wil = AUSEOCERRS) - 35. Mk
L ____.—-———"— -
7 2

® ascome o.:p"' Y2z ah

) - 1
® A 5 By, max =
- 639 in"

Ty 2 cCo.90 v 0.8 )C 285} Ci9:f)
284 C29000) C1,425)

® required Nshore Streagth |, Pomp
b setf - wt ailswonce

L2 czt.:;‘: 130 KEE 2 Bppp

&

Mu =

tL = foo P’f i
= gLy PSF

T
Wuz 1.2€ 95+ Sy pe€ C Iofh) ¢ Lo C2apse)Clabi) = 1250 piIf

Que € Qwe mex = Y5,
Wy CI545) psf Cilof4) = o0.F00 KIf
Thsn- 5 SCOR)C205)T c2t) a5y

T cmm——————
i 3FY C2%000 )CLT2E)

m‘l

130



Final Report GEA JOHNSON | STRUCTURAL OPTION

Bo'- 0" x W~ Bay pase 2 of y

@ select polenthicl W~ shepes
Chmp2 150 FOF | T, 2 63910 Bpmp2 130 KEF T 3 2P inY)
'

wi4x2e: Mz l,‘ ZQn= “”"; I‘»B= ‘uﬁm':l TN mﬂ‘ PMa: 200 Izﬂ.‘ Q’bt"‘p‘t 177 KE+

wlexas: iz ?, 2%9ac ﬁak’ Tigz 64o tn" , T= 30l ¥, Bmpa: 259 Kft, bprp= lbe kFE

A #£.¢ shdsf ¢, end ececonomy

widi30: 117% — 1§ studs ; 30*){ 28,5 ¢+ 1f shds x ‘D“/s’h‘d: 1o3s ¥

1.2 4
ls # =z o F
wt x 2ps! 12 ridle & lshd = 5t

1 . i
wobX26: %k e =y W2 shds |

in.2

dry Wibxap wl f2 stids

@ cheek o
be€C = #s.s¢

as 1% 8.33" ¢ 1" ok
o.9c C4)CES.8) :

@ check e, Br, Bwe, unshored s‘myH\J Mu, Ve b oself- wh assem g tion

A T sCo.w kif)C2Bs FHIICIIW) o100 ¢ Yopais 225" ok

384 C27000 ) ( 640

O = SC o.co f 0,87 Ycam s cir28) | yqu ¢ Yigs 2 L4322 ok

384 (24000 ) (640)

Dwe = SE€ o, p0g YC2mSIY e _ L3t & Y240 oK
389 C29000) (301)

My = 252 kb < Pmnc 285 kf

Vst 385y k & @B¥n:

bm sef-wt = 26 pif 2.4 ps¢ < Spef oK
Twft

use WlbX26 bm wj 12 studs

April 4, 2012 1000 Connecticut Avenue | Washington DC
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30/~ 0" X W -4t eay pase 2 of 4
interior bm B2
Lo e B
7R
.
4 L ] L1y
4
A 4
I . |
Wb
iu.
D wpz CISHIESdpof € 2,08 FH) T £I%s pIF
T T
Sleb b sefe wr
aljowence
W= 100 pse % sa
= #6i6 psf
0,25k 15 _ 0.8F6
max [ss5.5
W,z £F.6 psg CStis) fp = B6Y plf
Wy T LaC8ILS pIE) + Lb (P69 pif) = 2435 pif
@ My = W“L‘: 2. 435 (u,s)*‘_ 165 kEF ¢ dmp = ¢/up = 2, 2 ks Ci2d 4y in?
12 12 i 2.9Cs8) 2
7N
ot Vgs 2425 CT06) | 34,9 k & 8Un
2
@ dyy 2 Anl — ‘/Zlm
Ty 2 Co. 81t a.F64) C255)" Cir2p)
N - = 128¢n¥
384 C21000)C Lyag)
@ select non- compasite w-shepe
ty  Wowigxab 2z 44,2 10> Y9l
Wt L
Tx= 36l tn" 3 125 10" ok
Fma= 166 KEE S 1Ls £ ok
Fvn = 166 (C 3 390 Kk ok
o
= netel WILXL6 required T Svpport sro.vi_l-y load.
Refer fo menent Crames Bond € €levatians in répect For Mmember
Sizes dve to combined laberel nd Grevily endysic

132



Final Report

: ! ’ | '
30'—0" x 2F' ~8" Gay Pase 4 of 4
TN
_ad |
|
|
i
l
|
|
i
%
{
|
|
|
7N
e g
|
4 |
|
{
|
Exteriar Caider éa1
e P e
: il ll’ P |
J:ZIIJ:E]:
- 4
Zo'-0" |

- mreler to excel spresdsheet for design

133



00 % 28°5" By

Exteriar Girder G1 - lboed with 2 paint loads and a distributed desd lesd

Step 1 Deadload: slaby fel
0L 10 f
m s et allow. 5
girder st allaw. & mf
wall 250 pif
Live Load: office s pace 100 g
Trib. Widths 15.75
Span, Lt EN
Influznze Area: a0y ft*
{1 075
Py= 359 kips
Wy 0395 K
e 2 W= 269 k- Siin
W,m 413 kigs s@vn
sep 3 amsume a= 2" Y2=T-4'2=6.5"
step 4 By S By paa™ Lf2a0= 15 in
Prcoora™ 260 kg
A 0320 W
oz 251 W
step & umshared strength #M,
Daad Load: slaty 7ot
girder selfwt alles. 5wl
Live Load: Canstr. LL 0 i
Trib. wadth: 15.75 fi
Span, Lt 3N
P 202 Bim
M= 134 kAt S@M,
Aen & Selact potential w-shapes
A, 2269 M, Iy 2 251004, @EMpE 134 bt
16626 ¥i= [ WG L Y=
Fn 145 kips T
@M= 290 kit @rin=
Fap= 165 Wt BMo=
(e 734 in' =
sten? #of studs per girder and sconomy
stud strangih ns kips
W iga2s FonfOxl 134 14 studs
SOAGTY! 90 #
W i1 Hanfox 105 12 studs
smnany: 1050 ¥
1y W1GA25 w/ 14 studs singe it's mre edonamical
sten# chacka
T o in
216 in
&3 in
n) 12 in
T 145 ki
o= 4 ksl
beff- &3 in
a= F0n /055 fic xhaf] 053 S200n ok
send chack AL, ATL, unsharad strengh, 8u, Vu, and girderselwt assumpton
P, i orad™ 118 kips
L= 7340 i
fy= 021 NS A 0= L/360= 1.0 inok
dn= 051 N5 dq® L2806 = 15 inok
Unshared strength @ubp= 166Ktz 134kt ak
Mu= 263 ks @hin =290k ok
Vo 413 kips 5 V=106 kips ok
girdar-salf wi assumpt= girdorwitrib. Width= 26 plf/15.75 ft= 165 psf s5psf

7
114 Kips
E
203 Mt
756 "

ak

| Girder Design:

s WG x26 with 14 studs 1o supnart gravity losd anky

W 15x2Gw/ 14 studs required to suppam graviy kad . fiefer 1o mamen frame 1 ebwatian in repartior membar
[sizes due o combined lateral and gravity boad analysis
Mote: The beams and girders in the moment frames weare initiallydeign ad a5 composite, but the design was
changed 19 norrcomposite. The marment frame slevations conssts of non-compes Le beam/girdar mamibers
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410" x 28'-6" Boy pase | €4

21

2

1 -

l'-"'L R ? ]
1 28— &

inderjar b 81

28 —p"

1##

g

® wyz Cst 10k s)psh Clo,25 FbY = 923 pif

w = foopsf % 0,50
= 2 opsf

()

0,25 § 15 P
s 12

,’II‘I.LS

WS 21 psf Clo.25 FHis #92 pIf
Wz L2€923)¢ 16 CPi3)z 2536 pif

@ my: 25320530 a5y kp
N S
?
Vuz 2,33 C28s) _ 3 E
z

@ ascume az ", T2z 90

® 4y

"

Quwe & Buc, mex © Yypyo

Wi = €15t 5) psF €U0, 28 FH) ¢ 0,F20 KiF

$Co.922 + 0. #53) C28,5) 7 €1922) Loy n W

384 € 29000) (1. 425) Comg, 354 C 29000} CLY2S)

An’ max = Yaq,

B, sCof22) C28.53 Y crr2p) 245 jn¥

W

2

@ required urishaee shrength, @, mp

i Wus L2 C2545) Clo.zsy + L6C20) Clo2sy = 1312 pIf

2
At b C203) o u3s KOE 2 Ppp,
§
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Final Report GEA JOHNSON | STRUCTURAL OPTION

Yi'- 0% x 28'~0Y Bey pase 2 of ¢

© select potenthat - shages

Cdmp 2 252, By 2 as2 m‘i‘ Bhmp > 132 k€t T 3 2495 in9 )

7

e

Wiaxse: Miz3 ) $@5 sk, Tz RInY | Tz 340, PMaz e EEF Bpmpz 205 KFH

wilsx2e! WZTé . EQnz 145k i tts: s ,,\'1[ Cc 30l inY, pm, =z 29 ke, Bomp = Ike ke

wlex3t: W2, £Gz 1y Kk, gz 193 in4 ,Te %23 “‘"1 DPMaz 203 k€, Py mp. 202 LE}

@ # of “d:/&m eng  econoray

Wiz 05 o g6 shds < 205! ok zq # x kst b 16 sids X %) 1d: 29 ¥

12

Wiex 26 ; 145 o 12 shds <€ 2880 ok 26 F xae s 4 1p shds X # joyd © au #
ezl = I
1.2 . &
1 = Y
wWibx B N o =y 1M shds € 2050 o 2 ¥ x 225 + 1u shds x 12 [g.d o
1.2

dry Wb X26 wd 19 sidds

@ check o
ac 14s _astcih ok befp =|1X 285 Cia) - #5.8" &
~~ —_— e

o.85¢4)( #5.5) -

1

2y | Cro.253€:2)

min 2

@ cheek 48, by, B wnshaed siensth, Ma, V&, bm self- wi  assumpi.
' 1] c, ’ ’

4 = sCeri3)( 285V cr2d) | 0,60" ¢ Y3 - o,as" ok
L 5 0
289 29000 ) €165 )

= 5COFI31 0,123 C205) T Ca) . L ¢ Yoyo ° L¥3" 2K
z84 (29002 )( Tis)

Uy = SCORN DT C10s) W39 ¢ 4, ok
229 C29e00)( 351)

Unshored stensth: i = 133 E6F ¢ Ppmp = 166 EEF ok
My T 28D leét f ﬂﬂ{\= %6 kEF ok
Vus 260 K £ dVaz ol ok '

R bm seif-wbz Wpif _ sy psé <& Sesf€ ok
10,25 £1

"’* wibx 26 wi 14 shdsj
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interior bm g2
e —————

-’

4 1 {
1

B

28’ -6

O W= Cast roh S)psf C1o.a2s £F) = UL pif

Ltz oo psf X 0.56

oficip af = #2.4 psf

\}f".u

wy T 829 psf Clo. 125 €} = #85 pif

2 9,84
max

wa= t2CaN) Lo COES) = 2509 pif

@ myz Vat?

<

i 1z

V= nsod kif C2hs) o 35,8 K £ Pln
———-———'—"—‘ e
7.3

O g £ b7, mex T Yoy,

T, 3> Coau o ree)(this)cirae) - ks in
2f4 C25000)C 1 Y2s5)

@ Select non- camposite W~ shape
2 3
W42 bm requiced ¥ Suppert wi 2y N3 AT 2 Y52 n
et ;

e |
sravity load T 2 ™ 3 129 in

41'- 0" X 23 .6" Eay

2.509 KIf ctr,sF”‘: 1o KEt 2 PMg =

page 3 of b

Fmp => 2x 2 o) 3
oo

0.1Cs2)

43,3 yn

o
ok

Bymp, = 177 K€D 170 K€ of
BVnz 12 K > 352 K ok

- refer 4o moment frame g <levatien
n repact fo- mepler gines dve +2 combined
{atera| and gravity anelysis

137
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Hl'eot x TF -6 Bay Fat€ 4 of b

L exterjor bm  BZ
|
|
|

P
S Y Jg
!
[ x . X
27" b
@ wps skl s)pof Cobis €F) b Lo pif = 546,25 pI€
{
Wz 160 ps¢ Apz Clo.2st Ls) F+ (2o @) = 335 £ c w00 F12 2, W reduchon npb reaviced
|
W = loopst C bbzs £+ be2s plf
Wy = L2 CFY6.25) % LéCbbrs) = 2076 plf
| ) el .
® myc 207 Cranrt _ 191 BFF £ dan=drp = Bp NN wcin®
—_———— 0,5 (5o}
1
Vo 207 C285) | 29.6 k 2dvn
2
Vi ‘
_ _ 2R.5Ciz)
e Bt = Db wmen = Yaus T AR
|
‘ Ty 2 Cogust o.663)C2hs)” cined) _ fof int
284 C1900) C 1. 415)
@ select noa~ Composipe  wi~ Shape
WiYxze bm resviced o suppact Wl Tyz Yo m? 5 e in? o
= - y
Soevily load Tyz 245 in' > 10f in (39
Pop, = 151 KB D 19 KFL o(
Dz 186 K 3 2% K of
|
- refer 4o mament frame Al tlevation
[ repoct for member Sitee dve 10 com bined
‘l laf, and gravity onalycin
|
[
[

138
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)

T

‘u’-o”_i(_}f':bf’_&:y peaze S of b

interior girder &I

it o A |

sirder setf-wh allpu.

L
® Wopz Cistiotsis)pef = 15 psf

1
o
allow
LL= 100 psf x o.50
- SS9 psf
e.254¢ U5 _ g4y

\ ]1‘03.5

WuT L2C9s pof) ¥ LeCsuy psp) = 200 psf

Pu= 20l psf ( st 3:) £+ Clo.2sf)= 65. 4 K
1

® nucosopL T asoCusy )C UF )z 1341 KET @ asume ac 2", Yribst
VuztsPz LsCés.qy) = 981 k
® & = dTL,m,( =, Tlyrs = “u c"’/z,’a - 2.087

K
Ty 2 9-9%0 (b6 IOCUF) W) yeu g at

z‘iooaéz.a:)
@ reavired wnshored  strengrh | @b mp
Puz L2 Ec 1545) psf Clo.2s £43) €305 F1) + L6 Czo)Clo.25)( 3L25) = Ui, Tk

Mgz GSeCULARYCUfE) - £S5 k€t 2 P mp

© select potentral W shepes

CPma 2tz k6, T, >H06F 187, Pypmp 3 755 k€t)

w2y xdy: Wb €@,7Ye | Pp,:tuse KFH, Pump 53 k€t, T pzSlit0in”
W2I P9I MTé EQn: s K, Phaz Mo KEE By oz Ns kF), T gc St ind
@ #of shds [ gp-der end cconomy

WRUXA4 Y63 o 44 shods quBy upt 4 9y shdey o™ fohd = 4214 F
25K

o 44 shds P4 B b oy shds x [oF [shd = 38894 F

WX P yg,
et KL

sk
dry W2IXFY w] M4 shds Since it mace €conomical
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'~ 0 X 28 ~ b7 Bey page & of 6
@ check a
£
ot az Ysa LOSY ¢ 2 ok beef = | 2x Y€} = 123% & contls
o, 8sC4MC123) © &
L canscny ¥ L C3sdcu) 5 3487
min ) 7T 2z
m:u.l 4 1 camsicn) = bls + 1= 232,87
T
WY L 1 gasyen) £ St LoD TILST
' T
@ chectc o, ATL, ) unghared strength s M, Ya, sicdes self-wt asium phan
B = 8850 CAKYCHIEDT CD2R)_ 0.87% < Yz 1394 of
21000 € 460 in4)
2
G = oosa CHEL KRS CuIE) EME) oo Yaup = 205" 0K
24000 CS460in")
unshaced Shrensth 1 Py = b2 [ CrspstiC o5 £4) 4 £4p1€ ) 31,95 £4) + MeC20psp) Clo.25) C2005y = 42,9 &k
Mz aso (12,5 KYCUFEY s 299 KEE £ Fpmp= S K =k
)
i Mz 139 K5 £ dpaz 920 KFE 0K
Vs 900 K £ dvaz 368 £ oF
girder self- Wt = £4 pif _ TS pst < sps€ assumed of
BLIs Fi
[;e W2 X 84 W 4y ﬂudx,
E&‘l‘ﬁar Cairder 642
— refer to €xcel spresd shect for design
7~
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410" x 28-6" Bay

Esterioe Girder G2 - liwed with 3 point laads and a distributed dead load

Step 1 Deadlaad slab 75 paf
soL 10 gsf
T sebowe allow. 5 pat
girdar salf.wt allow . 5 paf
wall 250 pif
Liwe Load: office space 100 psf
Trib., Width: 1535 f
Span, Lt 4100
influence drea: 1230 &
Ung A58
Py= 34 kps
W 0395 kF
ANen 2 M= 04 kL s Gin
Vim 05 kips = @in
step 3 amsume a2 ¥2=7-a/255"
step 4 2 By pw™ \f2a0= 2405 in
[— 255 kips
W™ 0329 ki
i a1 @t
sten § unshared strength @M,
Dead Load: slah 5 psf
i er sl oal allow . 5pd
Liwe Load: Constr LL 20 psf
Trib. Width: 1575 f
Span, L 41n
P= 207 ks
M= 465 kf = @M,
step 6 Saledt potential w-shapes
(P, 2 504 ki, a2 SEL ind, @Mp 2 265 kit
W60 ¥i= 4 WS Y= i
Tan 325 kins Tin 274 ips
hn= 509 kit = 523 Wit
Huha= 74 WA PuMp= 24
b= 1200 n* = 1539 "
step 7 #afstuds per girder and scanamy
stud strangth 115 kips
W10 Fan#0 a2 023 + 32 studs
BT 1950 #
W ida0 Fonfez FoE » 26 studs
sennany 100 ¥
try W1ReAwy 26 studs singe b's more aconamical
send chacka
Bor= 123 i
2325 in
MEn
rin| 189
Fan= 74 ks
fe= 4 sl
befif= TE @
A= F00/10 85 ehaff) 1015 200 ok
step 9 check ALL, ATL, unshamd strengh, Mu, Vu, and girders el tassumptian
pere— 1049 kps
he” 15100 *
= 030 115 8y, = /360 = 14 i ok
fn= 079 N5 App= L240= 205 in ok

Urshared strangth

PAuMp= 294 ki = 265 kR

ak far nasharing

Mu= 504 khs @Kn = 523 ki ok
Wu= 605 kips 3 @Wn=106kips ak
girder-salf wi assumpt= girderw it Width= 20 pif /15,75 fi= 254 psf shpsf ok

Girder Design: Use Wiad0with 26 studs to support grawity koad only |

W 18w ey 26 3tuds requined 1o suppan graviy load. heter to mament frame 1« Bvatian inrepartiar member |
sizes dive to comdin ed lateral and gravity kad analysis

Metae: The beams and girders in e mansent framses ware initislydeigned o composite, bt the design was
changed to nan campasite. The moment frame el vations cansists of nan-compes te beamygirdermembers
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Mi'—o" x 35'-0° Bay pase | of S

o >

v
b
4

4

w2Iix P4 %)
(oY)

interiar b gy

@ wpr CskiotSipsf Cloas f4) = us pif

L= 100 psf

et
P
fo—
& e

T)b—

?‘I’AI)
T oo psf x 6.50
= £ psf
CRER ST o, 81

-

4 Jas .
WL T 8lopsf € 10,25 €7) = £30.28 i€
| .
| Wu T b2 (1205)+ 1.4 € RF0.23) = 2435 pif

® pmo = Y43 KIF CasFE)Y 273 kFE £ P
&

Vi = 2.425€385) _ H2e k £ Py
5 =

s b
@ assume arl"/ Yes %

® o

"

41, mex = Yoy F 1" Bue £ Oue,mex = Y240 |
g Casts) psf C1o.25 €4) = 0, P2o luf
$C0,922 + 0.$3:)(#s)Y Ci12#) _ Ulbe 1nY Tan- 3 SCo.P20) C35) 7 Cio28) | sue nt
284 € 249008) €LIs) ceMy, 389C25000) €175 )

Wee T

e

l Teg

i @ reagired wnshared glptm}h' G‘,,ﬁp
Wuz L2 Casts)to.1s) ¢ 1.6 C2odClo.2s) = 1312 pif

Mz L3123 2ai k2 By,
P
¥
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Hi'c 0¥ X 35’ ~of Bay pase 2 of S

© select potential W shoges
C Spma 2 273, Tip2 iise Y, Py mp s 20 kFF, T 2 T4 )

T= 586 1%, QPua: 169 K€+, Py mMp: 305 kF

Wb ys: MNls 1’ Q. lut‘ Tig s W0 iny

WiP X YHo: Mz 1, TG l‘”lll Tips 2o in® Tz b2 in,  Pmuc 96 Lt Bypmp= 294 ker

O #.¢ Shdsf 4, e ecnomy

Wik 45, 18kf 2 = sheds < 357 ok Us? g 357 ¥ 20 shdsx 1% ol 4 s 1728 ¥

1.2k

3 v # #
Wpk b6 148k =3 1# stds < 357 o : YoF x35’' F 12 Shds 4 10 ¥ fop g = 1550
12.2 &

dry wiéxbto wl 1f shds singe it's mue econamicai

® Checjc o
az [E14 oM gt begez|2X 25Ch) . los” —
- m—
o,&s Ce)( tos) #
2x | Clo.25)Ciz) £ 123"

min 2

23512} + 4 cleas)c) T L
&

@ check LTS AW“ vtishored Wﬂ&ﬂ\, M, Vi bm sefe b assamplion

4
A-.L: £(0.830)C 35) Cﬁl?)- o, 80" < Ll!ﬁo"' L19" ok
284 ( 21%00) (1216]

4
ap = sc1as3) )T Conr) L 187 ¢ Yy, s 1as” oK
284 C219000)C 1205

A
Aupe = 5CaF2YC 23 Crzel S ey &b neh
384 (29000) (o12)

unshered shrength ! My = 2a1 k6 £ @pmpz 299 KFE ok

Muz 373 k€t 2 DM Y4 kCE of

Vo 426K £ Pnz 167K ok

ben safeut = Y0pif 3.4 ps€ < Spsf assumed oK
1256y

lum WifXi0 W 1§ shrdsj
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Y)'-af X 3¢'—0" thl pase 2 of S

interiar bm 82
Bl ot I L

T |
d Ll d
| £
7
| /
|1 -
as'-af
O woz €5t 10 +5) g Cro.tzs £1) 2 U2 pif
L, = Ioa psf
< loo psf X 0,58
= #L2 pof
oxst 5 . a3
J‘l»?.'ls
C oWz 8Lz psf Cronset) = F22 pIf
S WazncuLas) b L C 823 2400 pif
‘@ Ay T 240 ki€ C”*’“': 246 k€H 2 Pmaz Pmp = Ty 2 246 <) 656 ad
i | 1 0. 9350}
= Wz 2o () - v K & g
e e
| 2
@ by £ g, mex T Yagp = 1387
{
I, 3 e t0.£222)€35) 9C1728) _ 231 jnv
254C2%000)C 1.95) i
@ Select agn - €orn posite W- shape
|
WiPX3S b requiced 10 Support wl 2,z 66sin? s 656 in° ok
Rl N
| VAV,L, load Txz Sto iaf 3221 in 1 of
| B Mpy = 245 KFE > 246 KEE of
i ) BUaz 1591 5 422Kk oF
i"“"' to Mmomat Fieme B elexclion
0 regact for meember zites due b
N | combiced lat, end gravity easlysic
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Final Report GEA JOHNSON | STRUCTURAL OPTION

Yi'« 8" X 3¢~ 0% Gay pase 4 of S
\0terise gicder Cat
RSP ¢
s
— W ar -

A

Lirver self- wh alisi,

O we = cvsﬂnni} t 49 psp

W = los psf x Sisa S, 1 psé
2 = L1 ps
st 15 - 05y

2685
wyz L2C9s)F LeCs%i) = 2006 psf
Fuz 2906 psE < 204 xs) fr (lo,as £t) = 667 K
2
@ M= askLE 0.5C66F KICUFH) 2 1369 KEF
Vy € Lspo 1sCbb, 2 )z 100
® assume azz, Y2z bst
@ Oy £ 4r&,m=x: ‘19»_,0 = Zos?

Tog 2 0050 CH1.2L)CHIAN COE) . 4977 1nt
29000 C2.053

@ vnshared steasth, @, mp
Pz IR EC‘INS\p:F Cloaskh) C325 6£4) & 14 C2o) 10.26)( %2.5) = 426 K
My T 0useCH2e k) CHIEH) = £72 K £ P,

@ Select polenhel Wo-shepes
CPmp 2 1269 kfE, Ty 2499Fm%, Spmp 2 823 (229

wauxdy: Wb | Tz Sivom®, [ PERLYS KEh, Bpppc 1S3 REE | £Q= M8 K

waax 84 Wiz b, TGz 2K Typz SYo ', Bmg - 1426 KB Bpmp o Yic kEF

i

@ #o¢ shads [ girder end ecafiomy

Wauxays 6Ky 14 stodg s WEXU 4+ Y shds K 1o B stedz 4299 F
s ke ¢
=, # = #
warg sy IS2K ) 5 Y4 shds ; TY Byur oy shvas x 0 F [shd 2 2FFY

2,5 £
dry waux Ay w4y shds
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G- 0 £ 25" ~0" Gey pose Sof S
@ check a
77N bece z | 1x ey | 1234 &
az 45 L6E" ¢ 2% ok 7
o.fscud(2z) ” A czeyi) + 1 (Bo)cui) - 370
- T
@ checic b, Oy, uns hored s‘h-u\ghl' #a, e, sicder sif-wt Assemphon
e
Q= o050 CIEEYCHL €Y cnzr!__ o6f" 2 “1ge= L3227
‘ 24000 ( 5960
2
ap = 05a €I BCUTHT O | (727 2 Y240z 200
29000  S46¢)
unshored streagth: fuz w2 DIspseCuoser) F 849 5107 L3z spiy + he C2o psfl Clo.asy Co2s) = 429 K
M= 054 CUBIDCUEANT G0 K6+ < Bpgs s KEH 0K
My 1365 KF+ £ @Maz 1920 EEE of
Vi = 100lC € BVnz B6FE of
grder: deif- vk = ,__ljﬁ_f- _ 2.SF psf < Sps€ assumed oF
32,5 Ft
Z N

Juse waax gy wl T shds |

Exterior b 23

T vekr to excel Sprecdsheet For design
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41-0"x 35-0" Bay

Exterior Beam B3- fixed with a distributed load

Step1l Dead Load: slab 75 psf
SDL 10 psf
bm self-wt allow. 5 psf
girder self-wt allow. not applicable
wall 250 plf

Live Load: office space 100 psf
Trik. Width: 8 ft
Span, L: 17.5 ft
Influence Area: 280 ft*
Loy 1.00
P, 0.0 kips
W, 2.44 kiIf
step 2 M,= 62 k-ft = @Mn=@NMp Zxz
V= 21.4 kips =@vn
step 3 By S By = L/240=  0.875/in
Puntactores™ 0.0 kips
Wontactores™ 0.970 kIf
1,z 16 in*
step4 Select non-composite W-shape

W 12x14 required to support gravity load
note: refer to moment frame A.1 elevation in report for member sizes due to combined lateral and gravity

analysis

16.6 in’
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440" x 30/ ~p" Ba pase | of &
|
4 ’ “l-;u [
| > = P LI Lol
| é
’ >
! 3 - |
| < i
| . S B
| ;‘..': s
] 3 e :..
“ - i A
i |
! H
| |
‘ T
? } ‘(
| gl e
‘: 3l {
n‘
|
|
| inkeror b &1
K
: 3ol " T
i@ Wo = €84 lots) psECla.2sfH) = 922.5 pif
|
i L,z [0 psf
%
s wopsf x| 0o
| S o
1 0264 I . opss
51
| wy o 8s.spsf C10.2 £+ 16 if
|
Wy o L2 C 922,80 LsC #26) T 2504 pif
|
@ myz 2ses (30 o 281 K6 2 DA
4
‘i Vy = 2.505 C30) _ 294k £ BV
o A .
| . 7
i® ascome &= 0 , Yz
i
\Q A’n_ﬁ AT jMmay © Lliqn :_Effﬂ o lg B & Aw"mx‘. ‘il‘”-
240 Wz et sf psk (1025 F6) 2 0,820 kif
Tip 2 £€09234 0,8%)(30)Y (1228) 59 00t Tam- 5 SC2820) (3019 €2222) . 344

289C29000)( t.5) . camp 284C 29000) € 1.5)
>
@ unghored strengih , O
Wy o L2 Casts) psf Cio, 253 €% F 16 (20 psf )C 1025 64) = 312 pIf

My 13 (200°  4p s di s
s
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4'-a" x 20"~ o" [ pase 2 of &

©® select polentiol w- shepes
S COmn 2282 kP Typ 2 259 w4, Pomp > 1% KB, Ty 2 399 ia%)

Wiexzi; UzT Q= Nk, Typ:7#2 m4, T3 in", Papz 22 kft, Fhmp = 193 k€

O #of studs] brn ead €conomy

wipgz;, g o shds < 20! sk 3y #x 200 + 14 shdsx 8% fschi; 1070 #

M2k
® check .
a: N4 _ 0337 1" ok becp = 2x Focn) 10" o

s o
2.85C4)( 15) L4

R U% Clo,25)Ciz) = 1237

3‘c‘l)+ A C1a,26)C02) = 106,57
= 1'%

7N
@ checl n“' nu’ 4w‘;, unghored rhmgrhl M, Vu, bm sed-wt atmption
By = gco.nucga)"a-m)_ SFa® 2 Yoo 1 GF
384 C21000)(242)
Oy = 5CL§8)C23)Y Cv2s) i
- - - o 4
359 Cirmeal Capny = W47 ¢ ez st ok
Bue = 5€0-325)C20) " ¢r2s)
Lz # 2 L
3 Creaicaasy = 0 ¢ Hewez bt oK
Unshaved shreasin : My: 147 ket ¢ Fpmp =203 KFF oi
Mz 282 KEE & SMa= 33 KEt of
Vaz 326 KOt = Gln: 121K of
hiy weg-wf = Myl _ 3,02 psf < Sps€ assumed ok
lo,28¢y ©
s

!ug wiex2l Wi 14 fhls}
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4'- 0P X 2'- 0" By pase 3of 6

‘ interisr b g2

N ‘
| /
e =
19 = 4u
@ woz €5k lot S) sk Cloas 1) = Hlas pif
Loz 100 psf | T.A.z Claaship) FHCit3z8ihz 2y F7 < woftt 2 UL reduchon not vevied
i B
W, T e Cisas)z 01as pif
wyz L2C UL 28)H Lg € lo12.s) = 2784 pif
O Muz 2wy KIFCI3D _ pus pey ¢ Bpy = Do D B2 FLTCA aag i
12 - °.9¢5s)
Vus 29 kIf C19.524F) 24,2 k £ PVn
2
=
s ® Br € BT, mex T Yag 2 9170

Ty 2 Co.tut I-ol?)(l‘i.??)“(l?zt)‘ g
2FY4(29000)C0.17)

@ setect N6A~ Lam posite W~ Shape

WI2xIs bm reayiced to Suppackt W BxT 24.7in% > 05 in 3 sf
srevibly losd = 26 inY 3 Y4z ja ok

Do rpy= 6 KA D FUs KA oK
dipz T T2 K oK

~re€er to momeat Greme B 2levation
iN report for pember Sizes due to Combined
let, end gravily loed caalyzic
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qi'- g4 & 30'X 0" @ay paoe 4 of &

| inlerir b 82

o e e

|

o'~ g4

i
|

@ woz Castlots pst Clo.t2s FHz T, 25 pif

Loz (00 psf | T.az Cloc2sd (o )64 CUO.82 €4) o 206 €47 ¢ Yoo £17 /. U redechon nst e aviced
|
| Wz Moo psf Clouas @4 ) 1013,5 plf -

Wy L2CUL2s) § L6 CloILs = 2910y pif

2
@ mgs 29 KIF €106y £H) - 0 ket € Bag=Bpp = BTx2 287 €2} 6. 14a?

12 0,9 Csao)

Vs 29y Clo.&2) - 195k ¢ $Ya
Pl L s B
2

® A £ B ey & Doy - 2537

Tig 2 CoYat Loiz)(1o.62)1C1228) | 2.2 in®
289 2900p) € 0:53)

@ Select fon~ Com posite W~ Shape

WEXI0 bm reqiced 4o Suppset w1 Byz B3 % > &9 in’ ok
srevibky lood Tyz 20,8inY% 3 w2 inY of

Brrpy = 32,9 k€E 3 255 KFE ok
' BUnz 402 K > 115k ol

= refer o monent Freoe € elevation
in repot for member Sizes dve o combined

lat, cad sraviby Jocd enalysic
|

|
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Gle g o Z4'< gh oy pase S of b
inferior gurder fai
N
1‘ f j ]
F - A
[V sl
1 {
q'-o "
irder self- wh allpw.
@ wo=z 15t tot ‘*}3‘—‘ S psf
T
bo
whk.
a lisw.
L= 100 psf %%o
it i . < 56,6 psf
Mmay WwSs
Wiz L2 (455 L6 s6.6) - 2049, 6 ps€
Puz 2046 psf /2ot 2¢ );&Cln.uﬂ-): $2,7 k
2
@ puz 0sCSTIR0FRY: NER KA < By
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® A £ ATL‘M £ Yyt nosv
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Mz S0 38,1 kIC Wbz o £ Bymp ‘
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CPpup 2 UES ket T, 2 23340 , Pomp2 T kf+)
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é
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— f
az 3a4 R I PR ber =] 2 x O _ 234 o
i : o.85 €I 123) ok £
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Lo t L usycny o ¥ ‘.
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|
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Oz %osa KV CUERY €nzp) 068" ¢y, L 13 o
2000 4630 in ")
by = 2.050 Cry ENCHIOHV Cnar) | 1,827 & Yy, z 2ioe oK
| 2 %o0n ¢ 4Foo0 in't)
| veshored streagih: Pu = L3 Cers pseiCiorcpi) b Fpf] €205 €4) § 16 C20 poplC to2o0) Cavs i) = 32.2K
’ Muz 0.56C27.2 K)CHULFEY = 62 ket < Ppmp: s EEE ok
Muz ME3 <« Ppps 1200 KFY oK
Vs B4 K < Blgs BERE of
sicder setf-wk s _fUpE 3,08 pof < Sps€ assumed ok
| 27.5 €
7 i
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P e
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W, = csts) psf C1o.25 €4} = 0,820 kif

S 2
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41’ g% % 2s'-p” Bay = g ) fe‘“_,l,i{ s ol R B
!@ seleet polenhel Ww-shepe {
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n Soi " te po€
ben s21€- wb allow- spef
sicder setf -k altow- £ pof
live lsads: office space ~ lso pof
mech, ron ~ iso0 pst
rMax U in Co) 14
—~ foad the 28'-0" spon wWith bBL ead LL
~ load W'-6" cpon with bL ey
26~ LM span ; Wo = 15 psf (1012 FH) = 162 pif o
w, T b2 W2): Nigq pIf o~
2 tisy C2hs)?t
FEn et 9 Kt 8 o
2 G L)
L%
35/ 4l Speni wow 162 pif 5
A Cle, E T > Yo ft? o wveduce WL
flence areat Clo2st (o) FrC3sfH)s 109 1 e UBm = 252-7F5 14
T
Woeed = 0.5
ey | VB con
\,"n"l
W, = 0.1 Cloo ps€ IC 10u3 Fi)e 821 pt€
‘ FEMm <= 2,'“?(3532 s2 KEF
Wy o LaC 1234 Loer2 )z Ul pif i PR
1
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GEA JOHNSON | STRUCTURAL OPTION

Final Report

Estimete <olumn sive moment Grame 2 pase € of 1B
max UBM in ¢4} 11
~ S N ~ load 2s'-0" Spoa with Wi and (i
- lozd 19'-4% Son with 0L zaly 108
N
25'20" spen! FEmsz 252 KEF o =
G J

)
12 4

199 < 4" gpen; Wz 5 psf C 1oz fi) = %2 pUf
Wy z e ¢ B62) 2 MEY pIf
FEm= Lisq C19.32)2 _ 36 ké€y

UBM T 1§2-36 7 26

1

Mex UBpr jA eal (&
~ load 19'-4# s5pea withn ot end LL

- load o'~ #7 span with oL ealy

19°=4" cosn: wgy = %2 plf 22
WL = 150 psf C 12,13 Fidz 1520 pIf )
Wy Ttz €It 16 1520) = 35F6
FEm=z 3, SF6 C14323% _ 112 kft U 55
SR G J
’Usz,%

16! ~6" Spon: wp = 95 pSCCSuzFrY= 4TI pie
Wy T L2 CY4€2) s SP9 pif i

VBm T W2-Ssc los s
FEm= 8,584 Clo.67) 2 _ s.5 Két

(RS

max ugm in Cal 19
- loed 42'- 6" spon with QL aad W

span with DL oaty

~ load ta'-gu

H2'~8Y spen: WoT %2 pif
influence area: 2o.2s FF € 425 FH)z 7ot FEP s G0t

W, gz |oss
7

gt 18
— = 0,76
Foy
5.5
G

876 €100 psf 3C 10,3 F3x Mo plF

-
W,z L2 € W) b Lo € o) 2356 pif
FEm=z 2.286C42.53% _ 259 Kt Up
e ———— %
77

iy

la'- g0 Spent FEmz S.5 ket
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Final Report

Eshmete Colvmn Sizes monent frame @ psse & of 12

max UBm for Cel 20

s ~lacd Y2'-4% Spen wWith kL aad Li
~ 1044 30'-0°* Spen with pi oaly
"l 1362
42'-b" spen; FEmz 35T KEG mn
257 £o.4
20’ g Spen T wg = 62 pI€ ()
Wy = L2 C62) = USY pif b.g"l
= 2 5,6
FEm= Lisy € 2o} o £ k€Y uBm = 259-Fbe = 2729 KEF

12

May upm for Coy 21
- load 20'-0” spen with bL ond L&
= load 19-%" spea with BL anly

20'w8" spon; wp = 182 pif
INFluence ama = 20,25 f+ CIoft = 608 F1% > w00 F12 Ll redvchon veguired

WUpd = .50

ot IS
— O, S

Max NIYY3 ’ m

s Wz o0.86 Cloo psf)Cloz €)= §7/ pIf x"l( )
Wz L2062 ¢ L6 CPUY 2 2598 pif >

FEm=z 2,598 C23% _ ya; pet

12 278

Vs = 1~ 2% = IS5 KFE

19'- 4" cpen i FEmz 26 KFF

max ¥Ban <ol 22
- load 19'~4" Span with 8L and LL

~ loed o'~ 8" spon with L oaly

1940 spoq; Wy z 462 pi€
inflvence orcas 20,25 €F C14.32 )= 291 < 0o Fi? , L redve fion ot epplicabte

w,_ = 100 psf Cleasz fty: 1a12mf .
Wt L2C W Lacioz) s 2275 pif /\%S
FEMT 2.25C11.32)°% #6,9 K&

iz
O]

gy

o to'~ 89 spen: FEmz 515 KFH
Yo.s

uBm= Fbg-5,5 : §I KFE
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Final Report

Estimale  €sluma Sizes Mmoot fape B s sl

mex UBm an eq) 22
7N ~ laad 42/~ 6% spen with Of eond (L

=4
| = loed lo'-gv spen with oL oaly g ;
42i- Y spon: FEmz 39 KEH 55 ( ) 359 {
| ' |
| 10'-#Y spon: FEM: S5 K€} : ‘ |
| P - 16,8 ‘

vBmz 3S9-5.57 3535 KFE
|

raax Y@M en cal 24

|
! — locd 4“2/~ Spen With  bL ond L(
174.8
H2'- ¢V spont FEms 359 K
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Final Report

Echimate  Colvenn Siles maonent Frame C pase £ of 13

max YEM jn Col ¥ o pefee te col 16

max am in Col 26~ refem P o 1y

l

Mex ygm i cel To - eoler fo col 18

I

Mot VBM N eol Bl reRe to <ol 15

I

max vBm in col 33~ relee to <0l 20

max wem in co) 33- refr te Cod 24

max vBm in csl 24~ pefer o €@l

maex vBm jn ¢o] 35
e T
~ load to'-Fu span with bl end i

10~ 8 spen; wy = VSPSECLIS ) = 91 pif
influence 6rea = L.5FF C10.62AH) - 101 £t 2 oo £+ | UL reduction nak wpplic akle
W = 100 psf €. 75 Ft) = 475 pIF
we oz L2¢SDE e C Y8y 1281 pif
FEmz L 301 cna.n)‘: 12,2 K6
(k3

6.2

L
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Final Report

Estioncte Column sizes morent frame £ pase T of 13

) @ & i
| ik 4 A mex g in cab 49 and $I
| - load 28°~6" spen with 9L cas LL !
| |
: Wit speat wy e 9 psf CGSF): G0 Ly I
i influence creaz 1S C2@s Fi)z 328 Ft? ¢ ‘u[%ﬂ"
| v
| /° L reduction nof
| appli cable
|
| {
l W,z 1oopst Chsppy- 650 pif
l: Wz tacbie)E 6 (bS8 = 17182 pif
' ‘ FEne 102 C2Ws)E 20 Keh
| SIS Ly
e Ll = i
| bo.3
) & L a
1 284" 28" 1 ) 124
: 4
N
to.s
7N |
max VEm in €ol SO
e - locd are of tle 27'-6" speps with Bl end (L
= load the otber 28'-00 spon with oL only
| 35,8
| 7
| 28'-6" spen Cot aniy )i Wg T ©If pif -
. 142 pl 121 {
' wy Tl Cotf)z pIf ( %
| FEmz ©.7%42 ( 28.5)2 _ so Kf} > é
{ iz
| 353 |
| 2W'ot" spen € BL ad LLY 0 FEMT 21 KFt I
| vBm =z 21~ 50> m KF}
|
|
i
7
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Final Report

Estionzle olumn Sizers mopment frame | pase 1o of 13

e} @ ) 1 o>

i 1 i |
s 0 . 2 ﬂr 4
{
|
{ } ol
{ } |
N « L7
TR i
| |
i
§ i
I
i 7 755 iy oﬂ’—-
NI [ " x e
qp' —p® 2ol gtr 2 -6t 4p'-o"

mex uBm an Cel |
- load 4'~0! Span with Bl end L

W'-0" spon i Wg T Spse Cis.s FE) T 14 pif

Py
TA7 C22s bt Cfble 1230 £1Y 3 Yoo Fi2 , L reduchion requiad
t.i.rg,l z 0, %a
2,25 ¢ 15 .
max = T 0,69 246
{230
e
W, T 9,68 Cloc psF)C 15,05 FH) 2 10 pif -
Wy z £2C 1Y% 3§ LeC o) = 3507 pIif L)
FEm= 2.505 C)Y_ yap e} 4y
12
246
max UBm in Col £
- loed 4i'-0Y gpen with bl ead UL
~ load 2o'~6? spen with BL only
,1?-8
Ww'- o cgen: FEM T Yd1 Kt 7
-
1 i) qql
20'<0" spen: Wp T 14% pif C é|z$
we T L2CHTef e 1V il 5
FEmz 41295 (203 _ 135 KfE
~ i v
1768

vam T 492 ~ 135 = 350 KFE
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Final Report

GEA JOHNSON | STRUCTURAL OPTION

Esheacte cslemp sites moment Frace | pese 11 of 12

max UBM in €al 27

Shhc W
— = laed Z'-0f' span with 6% aad L{
= load 22'-4% cpon with &L gnly
20’ ~0" spon: Wz 1996 pI€
T.A.z 3246t C3sFt) = 90 £+ > 40 £t2 LU yedvchon retuired
‘-Lred = 9.50
s.as b If _ e.7s
LoRX Q00
w = e.as Cioa)C 15,25 = 1IBI puif
we T L2C1993 ¢ Lo ClR)s 308 pif
2.5
FEMm = 3.685C30)Y _ 294 KfF /.’\’
P s SN
12 L
270
( )lll
28'-46" spoai wp T H196 pif > <
Wy = L2 et} 7 1745 pie
FEm= 1795 C22532 1o e U
—_— T 2
¥ TS
Upme 22b=1217 1SS KFF
S

méx ¥Ba in cob BE
e ——

- foad %0'-p" gpen with DL and Li

- load 28 -4t spon with pL ealy

40’ ~ 6% spenl W T 1Y16 i

T4, = 3ofr CHofH = 1206 FE? D Y00 FrY, LL reduct, req'd

Woed 2 | %50
o.15¢ (5 - d.68
e Jizso

Wz 9.62 Cloo)Cs,35) ¢ 1071 pif

Wz L2 Q1993 F L6 Cioae) = 3509

FEmz 3.8a9 CY0d _ H46F i€t

B e

LR

3.8

Ubmz 46p- 123~ 397 Jeft
6" cpeai FEM= 124 fCE}

max viBm in co) 4%

- loed Ho’~0! span with bL and LL
239

Span Ye'wsbr i (FEM: Yok kEF Yok

234
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Final Report

moment frame | pege 12 of 2

Eshimale Coluemn size

@® ® @f)

t—.(v.;\

@
g 1 i /l'
Lighm Ll T
|
i
N -~ S——
!
| |
| ! |
1 i : i
i 77 7T 7%“ T
f
s ¥ Vg X Tl P |
32 -0 Bel mat 24’ ~p"

max uBm in cal 1Y
~ loed 25! ~0" zpon with DL ead LU

35" ~0" spen: Woe 1S psf C11 fH) s lois pif
LAz 3.5 PHCocp): N3E FE? > 90ft? Ll weduetion reg'd

LL. | oiss
- red 194.5
st Is 6,64 &£
i B G
may Jnsz )z:—q
-
Wi = .69 Cl00)CIN) = 1172 pIf by
Wy, z L2aClbish b té €ua2) = 391S pi€ 17
FeEmzo 3NsC35)Y 395 Jcfh
12
Max vpm (n eal 26
« foad 3'-0" spen with g and L
~ load Zo'-0" spon with 5z anly
3s'~0" span' FEmc 385 KEF 122
oleptr g e
20'~0Y spen o< Ibgs ptf 285 2 e
Wy = Ly Cleishz 19%F pie C)
FEmz 1938 3652 _ 145 kot
T v
122
UBM s BFG 145 T 1Yy K€}
=
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Final Report

Estimate Colemn 51265 moment Lrame 1! pase 12 of 12

Mmax UBm jn cot 22 |

S = load are of the RTo'-a' Spons with B end L{
~ load +he other 36'-05U spen with bl only
il

[‘ 20'-0" spon Cot oney ) FEM: dus Kft

' —o" spen CoL end LL): Wt lbis pif
T4, = 32,5 £ C3ft) = 975 FF2 > 400 FE1 | UL veduch, veqtd

Lyag = | 958 45
o
et 15 . O%3 =t
= 145
- Jias 294
G J

Wiz .93 CloodC1a) = 1241 pif

Wy b2Cleis)t :.‘cu‘m: 29 pif u-m,;
Emz 2924 (3a) ]
F 2. e VB D279 =45 2 195 KEF
|
|
|
C max veBm in <ol Yf
Bt oS W
?- loed 28'-0" spon with bL and L
~lasd 24'-6" gpon with wt saly
100.¢
| =za'=* ; FEmc:T 214 7))
Pon
e ' -
3 294
q
et 24! —0" spon: Wg =z l6is pif ¢ ¥
2
‘ Wyz 1938 pif
| s L9zeC)l | 93 ket
, FEM Bdet LRl AL s

i
vBm e 219 -%2 z 2ol MFE

mex YBm o in Coj 55
e
—lead 240" spen with bl end LL

Y -06" Spen: Wyt Ibls pif
LAz 32.5 £ C24FH): 280 £ >S40ft LU reduct, regid

L z 9,50

e.25t (g . 0,98

mex NETS as

‘ MW T 926 Cloa)Cind = 1343

| 116
Wy L2 CI8IS)E 1, 6C 1243} 2 Yo#d pIF Ve
2
- @
FEMT 4,087 € 24) s 1% K€t
1 2 Xir




Final Report GEA JOHNSON | STRUCTURAL OPTION

Eshmele Columaq Sizes

Moment Frame Column PeSign eolunn line Al P |of 2

column i
e

N T H tribudery oces pec flose o0 vsof e 220 C15,95 f4) = 3465 FH2
' B
iNfluen e acex per flooe = 2.5 Pt C 2aft} ¢ 1275 #°
- - * Load abave level 12° roof & | floge
|
l = Llpeg = .50
d.25% IS = 55t
Pex NI
flose fevel ain €
TN —~—
P = .67 (100 ps) C(346.SFt2) t 20pse C39. 5 FH2) = 326 K
Poc 15,95 ps¢ C 344, 5 ft3) = 55 3
#y < CSt0) psf (3965 n'u-w;»sr Caves Ft2) = SR 9k
i
Main Fpof Flogr lewe(
Puz: L2(SES E) 4 LeC23, k)b osCssp) s 1272 K
o Load above level 19 roofy 3 flooes - Load eabsve feve; B! roof ¢ S Flos
Llpeg = 9, Yo o @ 0.4s
8.28¢+ 1is - 0,44 p— 0,28t IS #0054
A - Txiias Jsxins
# z(0.49C100 psPYC 2 Fles) + 20 psf Y3465 Fr2 o 6L3L P = (044 Cloo)(sfusy ¥ 22) F46s = Fb. bk
P T 1535 (3%6.5) = S5k Pz S50 K
Foz COSpse C3Flrs) + 5 psf ) 306, F82 = 100.8K Po: CFCsFis) g #0) P65 = 176K
Pu> b2 Curp) + hoCoL2)¢ asCas)s 4.2 K Puz 1.2C1695% 14 Co.L Y § 0.5CS,5) e 2824K
* Load abave feve] ®! roof + 7 fug o Lead above fevel 4. rosCt 1 flrs
W= [0us P = CaY0Cloo)Ca)t 36) 3465 = 351K
o 0,254 g _ o4y Psz 5.5k
. Jaxiaas Py < CPsCa)t es)34s.5 - 295K
£z (0.4 Clea)(7) F 260) 24652 1695 £ Pyt LAC290s)f b6 CI3s ) b 05 Cos) e S92, 3K
Pz SisK
Poc CESCAVE Fs)24bs - 235.6K
Pas L2C 235604 L6 100.7) # 0.5CSis): Yol 2k
=

» Laad abave level 2: roaf 3 1 flrg

P = Coy Croo) Clr) §30) 2465 = ler,af
PS= s.sK
Po= (Ps Cult Pe) 346is = 253, 4

Py 202534 Lb Cle2s)t as(ss): 685K
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Final Report

Echmate Columq Sizeg
Moment Frome Column Becisn pase 2 of 2

) - re@r dv excel spercdsheric for the eshmated Colump Sites in moent frames Ad, g €, €, 1, 4nd 1’
e based on growily foad easlysic eal,

- refee 1o moment frame elevehions for Morent frome eolumn fizes bosed on Combiced srewity end taleez)

loads anclyses
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Moment Frame A.1: Estimated column sizes based on gravity load analysis only

|Calumn 6 |Calurnn 7
Tributary Area Tributary Area
505 &F per floar ar reaf= 505 # per floar or racf= 62344
1861 Influance frea= 1881 ' Influance Araz= priil g
{slabS0L+memn. seff-wts) 85 pf Floar Desd Laads {sla5+50Lmem. self-wis) 95 pof Faar Dead Loads= [slab5DL+mem. sf-wts) 95 pof
Roaf Dead Loats= (slab ST +mem. set-wts) 55 pif Fioof Dead Loads [slab+SDLtmem. selfwts) 95 psf Poof Desd Loads |0+ SDLmem. selfwis) 95 paf
Floor Live Load= {Office Saace) 150 psf Floar Live Load= [Office Space) 100 pof Fiaar Live Load= [DFfice Space) 100 paf
Roaf Live Load= [Green raaf arza) 30 psf Fioof Live Loac= {Terracz) 100 paf Roof Live Loed= (Terrace) 100 pat
Roaf Carstr. Live Laad 20 pef Feoof Constr. Live Load, Lr 20 p=f Roof Canstr. Live Lezd 20 pef
Load above [evel 12: Foof + Laad shove level 12: i+ Laad sbove level 12: Roof +
1 Floor 1 Floar 1 Floar
Lag 0.60 LLne 060 Lo 057
P= 45.2 kips P= BOLG kips R= 7.8 kips
P= 95.0 kips Pe= 86.0 kips = 1154 kips
P 101 kips R= 101 kips P= 12.5 kips
Fy= 1926 kips Py= 248.1 kips = 304.8 kips
Urbalarced WMament, M= 35.2 kAt Unbalznced Moment, M= 352 kfx Urbafanced Mament, M= 537 kft
CalumnShape= W1z Calumn Shage= WL Calurn Shzpe= Wi
Calumn Depth= 1a0in Calurnn Death= 14.0 in 1a0in
Effective Length, k= 10 Effective Length, k= 10 10
Calurn Length, L= 1507t Calumn Lergzh, L= 150 ft 150
Equivalent fsl Load, Pug= 153 Equivalent Axial Laad, Fay= 303
Estimiated Calumn Size: Wili3  PP,2092k Estimated Column Size: WiteE  PPalk Estimated Column Size: TP S0k
Load above [evel 10: Foof + Laad shove level 10: Roof + Laad sbowe leved 10: Roof +
3 Floos 3 Floars 3 Floars
(1) 045 Lo 043 . 043
P= £33 kips A= 1166 kips P= 143.5 kips
P= 1918 kips = 1819 kips = 2368 kips
= 101 kips P= 101 kips Py= 12.5 kips
F= 3666 kips = 4251 kips = 520.0 kips
Urbalanced Mamert, M= 352kt Unbalanced Moment, M= 35.2 ket Urbalanced Mament, M= 537 kit
CalumnShape= W1z Calumn Shage= WL Calurn Shzpe= Wi
Calumn Depth= 1a0in Calurnn Death= 14.0 in Calumn Depth= 1a0in
Effective Length, k= 10 Effective Length, k= 10 Effective Lengtn, k= 10
Calurn Length, L= 1507t Calumn Lergzh, L= 150 ft Calumn Length, L= 150
Equivalent Aial Load, Pp= 429 Equivalent Axial Laad, Pyy= 485 Equivalent izl Load, P= 612
Estimiated Calumn Size: WidsEl PF.=593k Estimatesd Column Size: Widkil  DRSA3k Estimeted Column Size: WIAkEE  PPEET k
Load abave level & Faof + Laad stove bevel B: Roof + Laad above lewel 5 Racf+
5  Floos H Floars 5 Floars
[LE% 040 L 040 Lo 0.40
Pi= 117.3 kips P= 1527 kips = 1670 kips.
P:= 2570 kips Pe= 2679 kips = 355.3 kips
P 101 kips P= 101 kips = 12.5 kips
P 538.2 kips P= S84.8 kips P= F3L8 kips
Urbalanced Mamert, My= 332k Unba'anced Moment, M= 352 ke Urbalanced Mament, My= 537 kit
ColumnShapes  W1d's Calumn Shage= Wids Calumn Shape= Wi
Calumn Depth= 140 in Calumn Death= 140 in Calumn Depth= 1401in
Effective Length, k= 10 Effective Length, k= 10 Effective Lengtn, k= 10
Calumn Length, L= 150 % Calumn Lergth, L= 15.0 £ Calumn Lergth, L= 150
Equivalent Aial Load, Puc= 589 Equivalent Aial Laad, Fay= 633 Equivalent Axial Load, P 524
Estimated Columin Size: W6 ﬁ,:ﬁﬂﬂk Estimated Column Size: Wids7a IﬁPn=657k Estimated Column Size: Wilaxs0 ﬁ,:ﬂﬂmk
Load sbave level 6: Foof + Load shove level B: Roof + Laad sbowe level §: Racf +
7 Floors. 7 Floars 7 Floars
L, 040 0.40 0.40
P= 1566 kips 1309 kips = 236.9 kips
P= 3836 kips 383.8 kips P= LT3 kips
= 10.1 kips 10.1 kips = 125 kips
Pu= 716.1 kips TFI27 kips Pu= 953.8 kips
Urbalanead Mament, M= 352 kit 35.2 ki Unbalanced Mament, M= 537 kit
ColumnShapes  W14's Wid's Calumn Shape= Wis's
Calumn Depth= 140 in = 1408in Calumn Depth= 14.0in
Effective Length, K= 10 Effective Length, k= 10 Effective Lengtn, k= 10
Column Length, L= 150 ft Column Lergsh, L= 150t Column Length, L= 150 ft
Equivalent Auisl Load, Po= 776 Equivalent Asial Load, P,,= B33 Equivalent Auial Load, P,.= 1046
Extimated Calumn Size: WLax00 (P,=1000 k| Extimated Column Size: Wisa0 $P=1000k Estimated Column Size: Wiaks  QP=1100k
Lozd sbave level &: Fioaf + Lozd zhowe level 4: Rioes + Load zbowe level 4: Roof +
9 Floors. 2 Floars 9 Floars
Lus 040 Lo 0.40 Lo 0.40
= 197.0 kips = 2323 kips P= 2B6.8 kips
Pr=  ATOE kips Pe= 4708 kips Pe= 5922 kips
P 10.1 kips = 101 kips = 125 kips
P 895.9 kips P.= 952.4 kips P= 1175.7 kips
Urba'anced Mament, M= 35.2 kit Unbaanced Moment, M.= 352 kR Unba'anced Mament, M=
ColumnShape=  Wid's Calumn Shage= Calumn Shape=
Calurmn Depth= 14.0in Caluran Dot Calumnn Depth=
Effective Length, K= 10 Effective Length, k= 10 Effective Length, k=
Column Length, L= 150 #t Column Lergsh, L= 150t Column Length, L=
Equivalent Azl Load, Puc= 56 Equivalent Asial Lozd, P,y 1043 Equivalent Axizl Load, Pye=
Estimated Column Size: Widx80 (P,=1000 K| Extimated Column Size: Wihas P =100k Estimated Column Size:
Lozd shave level 2: Losd smove level 2: Rioes + Laad shove level 2t Roof +
1 Floars 11 Floars
L .. 0.40 (1 0.40
P= = 2727 kips A= 336.6 kips
Pz P S75.7 kips = TI0T kips
= = 101 kips = 125 kips
P Pu= 1132 2 kips Pu= 1397.7 kips
Urbaianced Wament, [,= Unbzianced Momant, IM.= 352 kR Urbzianced Mament, W= 537 kit
Calumn Shape= Calumn Shage= Wid's Calumn Shape= Wid's
Calurmn Depth= Caluran Dot 140in Calumnn Depth= 14.0in
Effective Length, K= Effective Length, 10 Effective Lengtn, k= 10
Column Length, L= Column Lergsh, L= 150t Column Length, L= 150 ft
Equivalent Awizl Load, Po= Equivalent Asial Lozd, P, 1103 Equivalent Azl Lead, P,.= 1420

Estimated Column Size:

W10 PPR=1210 k

Estimated Column Size:

Wid109  DP=1210k

Estimated Column Size:

Wid1d5  DP.=1650 k




Calumn & Calumn® Calumn 10
Tributary Area Tributary Area Triluzary Arez
per ficor or root= 6234 % per floar or roof= 505 #* per floor or rocfs 505 7
Influancs Arez= 221 & Influence firez= 1861 #F Influercs Arez= 1881 #
Fioor Dead Loacs (slab#SDLemem. satf-wts) 95 psf Floar Dezd Load= [sab45D0L4mem. self-wiz) 95 psf Flocr Dead Load= [slabsSDl+mem. sefuts] 05 pof
Fioof Dead Loads |dab4SDL+mem. self-wis) 95 psf Roof Dead Loads [siab+SDLtmem. self-wis] 55 nsf Ftoaf Dead Loeds (slab+SOL=mem. seif-wts) 55 st
Fioar Live Loads= [Office Space] 100 psf Flgar Live Load= (OFice Space) 100 asf Floor Live Laads= {Office Space) 100 psf
Fioo? Live Load= [Terrace) 100 psf Foof Live Load= [Terrace) 100 asf Floaf Live Load= [Tarracs] 100 ozt
Roof Carstr. Live Load 20 paf Roof Constr. Live Load 20 psf Ftoaf Canztr. Live Losd 0 psf
Lot zbowe lwvel 12: Raaf = Load zbove feval 12 Roaf + Lezd sbove lavel 12: Roaf +
1 Floor 1 Faer 1 Fiser
Ll 057 Wt 0.60 Llns 060
m= 7.E kips P= B06 kips F= BE kins
Pi= 118.4 kips o= 96.0 kip: Fo= 96.0 foim
Fu= 125 kips Fu= 101 kips Fu= 101 kins
Py= 304.E kips P 2491 ks Pe 2481 kims
Urbalarced Mamers, M= 537 kit Unbalanced Mamens, b= 35.2 kit Urbalareed Mamers, M= 352 ke
Calumn Shape= Column Shape=  W1d's Calumn Shape=  Wid's
Calumn Dapth= 4.0in Calurrn Depek= 140in Calurmn Depth= 1400n
Effective Length, K= Effective Length, k= 10 Effective Length, K= 10
Calumn Length, L= it Column Length, L= 150 f Column Length, L= 150
Equivalant &zl Load, Pu= Equivalent izl Load, Pug= 308 Equivalant izl Load, Pu= 308
Estimated Column Size- WLlxEl 0P, 583k Estimated Column Size- Wiials  QP=331k Estimated Column Size: Wliis  OP,=331k
Loat zbowe level 10: Faaf = Load above fevel 10 Foaf + Load above level 10: Foaf +
3 Floors 3 Foors 3 Fsors
Ly 43 LI 045 Loy 045
F= 1435 kips P= 1186 kip P= 1186 kins
Fi= 236.9 kips Fr= 1919 kpe F= 1918 o
Pu= 12.5 kips Pu= 10.1 kips P= 101 kins
Pu= 520.0 kips P= 425 kips P= 4251 lips
Urbalarced Momers, M= 53.7 kft Urbzlanced Momens, M = 35.2 ikt Urbalarced Mamers, M= 35.2 kft
Calumn Shape= Wid's Column Shape=  W1d's Calumn Shape=  Wid's
Calumn Dapth= 140in Calurrn Depek= 140in Calumn Depti= 14070
Effective Length, K= 10 Effective Length, k= 10 Effective Length, K= 10
Calumn Length, L= 150 Column Length, L= 150 f Column Length, L= 150
Equivalent &ial Load, P= 612 Equivalent &l Load, F,.= 485 Eguivaient &cal Load, P= 485
Estimated Column Size: Widkes  PP.E6T k Estimated Column Size- Wil PP=543k Estimated Colurnn Size: Wikl OP=543 k
Loat abowe level 5: Faaf = Load above fevel B Foaf + Load sbove level &: Foaf +
5 Floors 5 Foors 3 Foors
LLas 040 Lot 040 Llag a.40
Fi= 157.0 kips B= 1527 ki F= 1527 kins
Fi= 355.3 kips Po=  257.9 ks Fi= 2678 os
F= 125 kips Fu= 101 kips Fu= 101 kins
LS TILY kips F= S04 kip: P= 5948 kns
Urkialareed Mamare, = 53.7 kft Unhalancad Mamens, I= 352 it Urisalarcad Mamers, W= 35.2 fe
Calumn Shape= Wid's Column Shape=  Wi1d's Calumn Shape=  Wid's
Calumn Depth= 140in Calumn Depeh= 140 Column Depti= 14070
Esfactive Langth, K= 10 Effective Langtn, K= 10 Edfactive Langth, K= 10
Calumn Length, L= 150 Column Length, L= 150 % Column Length, L= 150 &
Equivalent &ial Load, Pu= 824 Equivalent &l Load, Fue= 655 Eguivaient &cal Load, Pu= 855

Estimated Column Size:

W1dx50 }=1000 k

Estimated Column Size-

Wlda74 =667 k

Estimated Column Size:

Wiak7a QP61 k

Load sbove lewe 6:

L,
Pz

Fo=

=

Py=

Urbalarced Mamere, M=
Calurn Shape=

Calumn Depzh=

Effective Length, K=
Column Length, L=
Equinabent fial load, P =

Faaf +
7 Hoos
040
2368 kips
4738 kips
125 kips

Load sbowve level 6:

Unbizlaread Momens, W=
Calumn Shape=

Calumn Depeh=

Effective Length, K=
Colurn Length, L=
Equivalent &zl Load, P,=

Foaf +
7 Aoors
040
1010 kips
383.8 hips
101 kips
T72.7 kips
35.2
Wids
140in
10
150
533

Load above level &:

Loy

Pz

F

P

Py=

Urlsalareed Mamars, M=
Calumn Shape=

Calumn Dephe

Edfective Length, K=
Column Length, L=
Equivalent sl Load, P =

b

Roaf+

7 Fioors
.40

1919 kips

383.8 wos
10.1 &ipz

TILT kips
35.25f

Wid's
1400

1o

150
B33

Estimated Column Size: W53  $P=1100k Estimated Column Size: W20 $P=1000k Estimeted Colurnn Size: Wit OP=1000k
Loatt aboe level 4: Foaf = Load sbove bevel & Foaf + Lozd above level 4: Foaf+
5 Floors % Floors 9 Fioors
s 0.20 s 0.40 Loy 040
Pi= 266.8 kips F=  2323kps F=  2323kms
Po= 502.2 kips o= 4798 ps Fo= 4798 kip
Fy= 125 kips F= 10.1 kips F= 10.1 kins
F= 11757 kips F=  o524%kps Fm 0524 kips
Urbalaresd Mamers, M= 537 Unbalanesd Mamens, M= 35.2 it Urbalarced Mamerz, M= 35.2 e
Calumn Shape= 14's Calumn Shape=  W1d's ColurnSnaps= WLz
Calumn Depei= 140in Calurmn Depeke= 140 Calurrn Depehe= 14000
Esfactive Langth, K= 10 Effactive Langtn, K= 10 Edfactive Langth, K= 10
Calumn Langth, L= 1504 Celurmn Lamgth, L= 15.0 % Celumn Lengtn, L= 15.0%
Equivabent Szl Load, Py= 1268 Equinalent Szl Load, Pyg= 1013 Equivalent Axial Load, Pyg= 1013
Estimated Column Size: Wiak20 9P 1380k Estimated Column Size- WikE3 GP=1100k Estimated Column Size: Wilhe OF=1100k
Load above level 2 Foaf = Load above level : Foaf + Load above level 2: Foof +
11 Floors 11 Foors 11 Fioors
Loy 040 L) 040 Ly 0.40
F= 336.6 kips F= 2727 kips P= 727 hips
Py= i Pi= 5737 hips Fi= 5757 ks
Fi= 125 kips Fu= 101 kips Fu= 101 kas
Po= 13977 kips Fo= 11322 kips Pie 11322 kips
Urialareed Momers, M= 53.7 kit Urizlanced Mamers, M= 35.2 it Urbalarced Mamers, M= 35.2 kft
Calumn Shape= Wid's CalumnShape=  Wi1d's ColurnShapes  WId's
Calumn Depeie 140in Calumn Depeh= 140 Calurn Depehe 1400
Esfective Langth, K= 10 Effective Lengtn, k= 10 Effective Langth, K= 10
Calumn Langth, L= 1504 Colurn Langth, L= 15.0 % Column Langth, L= 150 f
Eguivaent &al Load, P o= 1430 Equivalent &al Load, P, = 1183 Equivaient &xial Load, P, = 1183
Estimated Column Size: Widx1ds PP.=1650k Estimated Column Size: Widai0d $P=1210k Estimeted Colurnn Size: Wids109 DP=1210k




Column 11
Tributary Area

Column 12
Tributary &rea

per floar or roaf= 5234 pesfloar ar roaf= 563 £
Ifluence Area= 20w Influence Area= 1361 7
Fioar Desd Laacs (sisb#SDL+mem. self-wiz) 95 pef Floor Desd Loacs |dab+SDLmem. self-wss] %5 asf
Rioof Dead Loads |2a545DlHmem. self-wts) 95 pef Fioof Dead Loads [#ab+5DLmem. selfwts) %5 asf
Fioar Live Load= {0%Fce Space] 100 paf Floor Live Load= [OFfice Space) 100 oz
Rioof Live Loads (Terrace) 100 paf Fioof Live Loacs (Terrace) 100 oz
Roof Constr. Live Load 20 pof Fioof Constr. Live Load 20 asf
Laad zsove level 12 + Load showe fevel 12 Reaf +
1 Floor 1 Fioor
[T 057 Ll 058
B= 57.8 kips R= 1033 kas
Bo= 1184 kips Fo= 12600z
b= 125 kipz F.= 13.3 kime
Pi= 3048 kips P 331km
Unbalaniced Moment, M.= 537 kit Urhalanced Mament, M= TL5 kf
CofumnShages  W1Z: Column Snape=  WIds
Column Death= 140in Column Dephe 1407
Effective Lengzh, K= 10 Effactive Length, K= 10
Calumn Length, L= 150 ft Column Lengtn, L= 150 f
Equivalent fial Load, Fay= 397 Equivalent &al Load, Pu= 247
Extimated Calumn Size: WilkEl P53k Estimated Column Size: Wikel P =583k
Load sbowe fevel 10 Roof+ Load sbove fevel 10 Roaf +
3 Floors 3 Foors
L 0.43 Ly 043
B= 1435 kips F= 1515 nc
Py= 235.9 kips Py= 2519 ks
Pz 125 kips = 13.3 kips
Fi= 5200 kips P= 5513 fnc
Unbalanced Moment, M= 537 kit Urhalarced Mamers, M= 715 &
ColumnShases W14 Column Snape=  WId's
Column Death= 140in Column Depehe 1407
Effective Lengzh, K= 10 Effective Length, K= 10
Calurnn Length, L= 150 &t Column Length, 150 &
Equivalent Asial Laad, F,,= 612 Equivalent &xial Load, Po= 576
Estimated Calumn Size: Widk7d P66 k Estimated Calumn Size: WlkaE2 OF.=T35k
Laad sbowe level B: Rocf+ Load showe bevel 8: Roaf +
5 Floors 5 Foos
[ 0.38 Llng .40
Bi= 1846 kips F= 1909 ko
Po= 3553 kipe Pz 3778kmc
b= 125 kips F= 13.3 kips
Fy= 7281 kips Fy= 7764 kims
Unbalanced Moment, M= 537 kit Urhalarced Mamers, My 725k
CofumnShapes  W1Z: Column Shape=  WId's
Column Death= 140 in Column Depthe 1400
Effective Lergzh, K= 10 Edfective Length, K= 10
Calurmnn Length, L= 150 f Column Length, L= 150 %
Equivalert Axial Load, Pay= 20 Equivalent Awial Load, Pus= 303
Estimated Column Size: WiAk30 OF,=1000k Estimated Calumn Size: WIS OF,=1000k
Laad zove bewe! 6: Roof + Laad saowe bevel 6: Roaf+
7 Floars 7 Foos
040 Ly 0.40
236.8 kips F= 2519k
4738 kips P= 5039 ks
125 kips Fu= 13.3 kins
953.8 kips Pie 10144 kins
537 kit Urkialanced Mamenz, M= 725 kit
Wi ColurnShapss W4
140in Calurn Deprhe 140in
10 Efective Length, K= 10
Calurmn Lengeh, L= 150t Column Lensth, L= 15.0 f
Equivalert fuial Load, B,,=  10MB Equivalent fial Load, P 1139
Estimated Calumn Size: wiidkgs GP=1100 k Estimated Colurnn Size: Widai0e $P1210k

Laad 2howe level 4: P + Lazd zhowe bevel 4: Roaf +
4 Flears 9 Foou
Ll [ ] Llng .40
= 2068 kips Bz 3050 kins
Po= 382.2 kips Po= 620.9 kas
= 125 kips Fi= 133 ks
Py= 11757 kips P 12504 kins
Unbalznced Moment, M= 537 kft Urkialanced Mamenz, M= 725 kit
CofumnShaze=  W1d's CalumnShape=  WIdE
140in Calurn Deprhe 140n
1o Efective Langth, K= 10
Calurnn Lengzh, L= 150/ Column Length, L= 150 f
Equivalent Asial Laad, Fy= 1258 Eguivaient &x7al Load, Pu 1375
Estimated Column Size: Wiga20 OP=1530k Estimated Column Size: Wlax132 ﬁp,.,ﬂ.ﬂﬂk

Laad z5ove bewel 2: Riosef + Laad zaowe bevel 2: Reaf+
1 Floars 11 Foors
Loy .20 Loy 0.40
F= 3366 kips Fi= 3560 kins
Fo= 7107 kips F= 7558 ms
Pu= 12.5 kips Pu= 133 s
Py= 13877 kips P 14864 kins
Unkalanced Moment, M, 537 kft Urialarced Mamers, M= 725 kft
Column Shase W1 ColurnShapes W4
Colurn Deat 148in Calurn Deprhe 140in
Effective Lergsh, 10 Efective Length, K= 10
Calurmn Lengeh, L= 150 ft Column Length, L= 150 f
Equivalent Auial Load, P,,= 1450 Equivalent &l Load, P 1611
Estimated Calumn Size: Wiax145 P,=1650 k Estimated Colurnn Size: Wida1d5 @P.~1650k

Note: Refer to Moment Frame A.1
elevation in final report for column
sizes that support combined gravity

and lateral loads



Moment Frame B: Estimated column sizes based on gravity load analysis only

[Calumn 15 [Caliima 16 [Column 17 [Calumn 18
Tributary Area Tributary Area Trautary Arez Trbuary Area
per floor or ragf= 530 #' perfiocr ar roaf= FTECE S per floarar roc: 9645 #' per fiaorar roaf= 45255
Infiuence Ares= 2130 # Influence drez= 45085 #F Influence Area= 3057.4 4 Infiuencs Area: 1810 8
Flaar Dead Load=(slab+50L] 55 paf Floar Dezd Lasd= labtSCL) 95 asf 45 pat Floar Dead Loads [szb+SDL 5 puf
95 paf Focf Dead Lozd= (254501 95 acf 95 pat Raaf Dead Lozd= (slab=5DL) 95 pif
100 paf Floar L Lozd= (Ofice Saace) 100 acf 0 150 paf Floar Live Load= [Mech. Racm] 150 pif
30 paf Facf Live Loac= [Coaling Tawerz] 150 acf Fioaf Live Lozd= (Codiing Tawerz) 150 pat Paaf Live Laad= [Misch. Faam 150 pif
20 pat Roof Conrr. Live Load 20 st Fioaf Canstr. Live Lozd 20 pat Raaf Constr. Live Laad
Load sbove level 12: Ract + Load siove level 12: Roaf + Load abave level 12 Load shiove level 12:
1 Floar 1 Foo
058 e 050
459 kips = 252k
105.2 kips Fi=  1alkp:
112 kips s 25kps
2113 kips = 6B0kps Pe 6325 kips
Unbalanced Moment, M= 1785 kit Unbalanced Moment, 1,= 7.0 kk Unbalanced Moment, M= 108.0 kit Unkalanced Mament, M=
ColumnSkapes  WISE ColurnShape=  Wils Column Sheges W3
10 100 ColumnDeath= 140
Effective Lergeh, K= 10 EFective Length, K: 10 Effective Length, k= 10
Calumn Lengeh, L= 5o Calirrn Length, 15B0% Columnlengh,l= 150+
Equivalert fial Load, P o= 517 Equivaler Axisl Load, P, .= 77 Equivalent fuial Loat, P = E75 kipz Equivaien: izl Load, Pz 451 bips
Estimated Column Size: WiakEl PP =ik Estimated Column Size: Wisan PP.=1000k Estimated Calumn Size: Wiaa0 PP,=1000K] Estimated Calumn Size: WldaEl PP=oa3 k
Laad shove level 10 Aot + Lazd shove level 10 Roaf + Load sbave level 10 Rack+ Load shioue level 10: Fat +
3 Floars 3 Fioos 3 Floors 3 Floars
L D4t (1 .40 W 0.50 050
A= 0.2 kipz P= 304.3 lops Pz 2019 kips 2308 kips
Po= 2124 kips Fo= 4203 kps Pi= 3665 kips 1720 kips
Fu= 112 kips Fe  225kps Por 193 kps a1 kips
F=  ADLEkips P 10120 kps Pr 12365 kips E14E kips
Urbalanced Moment, Mo= 1785 kit Unbalznced Morment, M= 57.0 kit Undalanced Moment, M= 1080 kit Unbalznced Wamers, W, 3k
ColumnSkapes WISk CalurnShpes  Wits CoumnShage= Witz Calumn Shape=
Column Dept 1200 Calumn Depth= 1300 CoumnDegth= 140 Calumn Depthy
Effactive Lergeh, K= 10 EFective Langth, K= 10 Effacive Length, k= 10 Effectue Length,
Calumn Lengeh, L= 1507 Calummn Length, Columalengh,l= 150+ Column Length,
Equivalert fial Load, Puc= 1 Equivalert sl Lead, Py Equivalent Auiallosd,Pa= 1422 kips Equivalert &zl Laad, P
Extimated Calumn Size: wimE2  DP.=735k Extimated Column Size: Extimated Calumn Size: Wi1a132 BP.=1230 k] Extimated Column Size: witxgz  $R=TI5 K
Laad sbove level 5: Rack + Lazd sove level B Roaf + Losd sbave level & Rack+ Load shave level B: Foaf +
5 Flears 5 Foor 5 Floars 5 Floars
189 00 e 000 Ly 0
= 1256 kips F= 35k F= R4k
3186 kips Fo= 642.2 lops Pz S90.8 kips
112 kips s Ii5kps b= 183 kips
5857 kips = 18133 kps Pe 183635 kips
Unbalanced Moment, M= 1785 kit Unbalanced Moment, M= 7.0 kk Unbalanced Moment, M= 108.0 kit Unkalanced Mament, M=
ColumnShapes  WildS ColumnShape=  Wil's Column Shage=  Wilds Calurnn Shape
Column Depth= 10in Calumn Depth= 140in CoumnDeath= 140in =
Effective Lergeh, K= 10 EFective Langth, K= 10 Effective Langth, k= 10
Calumn Lergeh, L= 150 Calurrn Langth, 1B0% Coumnlengh L= 150+
Equivalent Auial Load, P.= 000 Equivalent fodalload. Fy= 1562 Equivalent Axialload. Pue= 2012 kips Equivalen 983 kipe
Estimated Column Size- W10 PPALNOK Estimated Column Size: W1dx145 QPy=1650 k| Estimated Column Size: Vildds3 QP.=2210k| Estimated Column Size: Wik OPFL000K
Losd shove level 6 Roof + Lazd saove level 6 Roof+ Loz stove level & Rogf & Lazd saave level 6 Foaf +
7 Foor: 7 Feon 7 Floars 7 Fioar
04 L.  odo L, 050 050
733 iz = 6 kpe B= 9549 kips 4280 kips
4248 kips Fo= 55635 s P 7330k 323, kips
112 kigs B 225 kipz R 183 kips 9.4 kips
7527 kips = 15145 s P 24170 kips 11887 kips
Unbalanced Moment, 0 Unbalanced Momens, M= 1080 kR B3k
CalumnShapes W14 Catumn Shage= wiar
Columa Deptr= 110m Calumn Death= 100
Effective Lengeh, = Effective Length, K= Lo Effective Length, k= 10
Column Lergeh, L= Colurrr Length, L 1505 Column Length, L= FELES
Equivalent Al Losd, P, Equivalert fvial Load, F= 1364 Equialent Avial loac, Pu= 2602 kips 1260 kips
Estimated Column Size: Widx0s ©OP,=1100k] Estimated Column Size: Widd76 QP=2010k Estimated Calumn Size: Wilak233 QP =2680K] Estimated Calumn Size; WLA120 QP =130k
Losd shove level £ Roof + Lazd soove level & Rooft Lozd stove level 3 Rogf & Lazd saave level & Foaf +
®  Foor: 9 Foon 5 Floars 9 Fioor
04 ad0 1) 050
2180 kips 5748 i Pz 11063 kips S56.6 kips
5311 kips 1070.7 iops P 9163 kips 4299 kips
112 kips 225 kipz P 183 kips 9.4 kips
B=  58L7kip 22157 e P 30073 kips Fu= 14256 kips
Urbalanced Moment, M= 1785 kit Unbalanced Moment. 0 Unbalanced Mamens, W= 1060 ki Unbalanced Momens. W= 53 kit
Calumn 5k ColumnShapes W14z CoumnShages W<
Calumn Degtrs Caluma Deptr= 110m Calumn Death= 110
EFfective Lengeh, Effective Length, K= 1o Effective Length, k= 10 Effecte Length,
Column Lergeh, L= Colurrr Length, L= 1505 Column Length, L= 1504 Colurn Length,
Equivalert Avial Losd, Puc= Equivalert Avisl Lozd, Pu= 2365 iops Equialent Avial loac, Pu= 3182 kips Equivaiers sl Load, Pu=
Estimated Column Size: WiAx20 ©P=1340K] Estimated Column Size: Wik211 Q=242 k Estimated Column Size: WLARZES DP=3270k] Estimated Column Size: W1an1d5 DP=1650k
Losd shove level I: Aot + Lazd soove level 2: Roof+ Lozd stove level 2 Foof & Lazd saove level 2: Foaf +
11 Foars 1 Foo 1 Foars u Foors
04 L.  0d0 ., 050 050
2627 kips = esds e = 18178 kips €55.2 kips
6373 kips Fo= 12545 s P= 10865 kips 515.5 kips
= 225 gz Pu= 183 kips
P 26169 kp: P~ 35076 kipe
Unbalanced Momert. 0 Unbalanced Mamens, W= 1060 ki Unbalanced Momers. W
ColumnShapes W14t Catumn Shage= Calurer Shape
Column Deptr= 110m Calumn Death= Calurmr Depthe
Effective Lengeh, K= Lo Effective Length, k= Efective Length,
Column Lergeh, L= Colurrr Length, L= 1505 Column Length, L=
Equivalert Avial Lozd, Po= Equivalert Avisl Lozd, P= 2766 ks Equivalent fvial load, Pu= 3783 kips

Estimated Column Size:

Widkld5 OF,=1650K]

Estimated Column Size:

Wia257 QP=2980 k

Estimated Column Size: Widk342 $P,-3980 K]

Estimated Column Size:

WLAd76 QP =2010k

Tributary arez per PHi
Influence ave3 an PH raofs
Foaf Deat Lozd= zlab+50L)
Roof Live Load= [green racf arez]
Srow Loz
Fioaf conzr Live Laad=

208
53517

Lazd saave main roaf: ]
0 Fioor
5.3 kips
185 kips
2.2 kips
347 kips
Unbalznced Momers, M= 00 kit
ColumnShapes  WId's
Colurmr Depthe 1200
Effective Length, 10
Calurn Length, w57
Equivaier: izl Load, P, = 35 kips
Ectimated Column Size: Wikt QP16 K




Calumn 18 Calumn 21 Calumn 22
Tribusary rea Tributary rea Tributary Area
perfioor ar roafz 1052 perfioor or reaf=
Infiuence Are; 4168 # Influerse Ares=
Flcar Dezd Losc o5 acf ab=50) 5 pof
o5 asf Roc Dezd Lose= {34501 95 pof
100 psf Faor Live Losds= [0ffce Space] 100 psf Floor Live Load= {0¥fice Space]
150 paf Roct Live Load= (Mech. Rocm) 150 paf Rioof Live Loscs (Mech. Roo]
ERE Roo Carstr. Live Losd 20 psf Roof Consir. Live Laad
Load sbaue level 12 Laac sbove level 12 Foof = Losd shove level 12- Root + Foof s
1 Flor 1 Foor Fioar
W Uy Wy asz U 0.50
B A= P 207.7 ki Fi= 851 kins
B [ e 195.1 e Pp= 850 kins
- [ 212 kige Fs 205 wips F= ©.1 ko
= R 6EES kinz e 635.8 g Pu= 2945 kips
Unbalanced Mament, I, 1362 M Urbalarced Momert, N,z 7754k Unbaianced Mamert. M= 405 kit
Calurrn Shape= ] CoumnShapes  WId Colurmr Shape=
Calurra Depth= 10 Coturn Degth= 110m
Efective Lengeh, K= 10 Effective Length, k= 10
Colurr Length, L= 1504 Caturmn Lergth, L= 1508
Equivalert sl Lazd, F,,= Equivalers &l Lazd, Fy= 822 kins Equivalent Axial Laad, Py E Equivaient ol Losd, Fp=

Estimated Column Si

Ectimated Calumn Size: Witeo OP=1000k

Ectimated Calumn Size:

Wiakso OP,=1000 K

Estimatad Column Size:

Lead above level 10 Load above level 10: Roaf + Load above level 10 Roct + oe level 100
3 Floars 3 Floors
0.40 Loy .41 Ly
2867 kips. A= 795 Wps P=
4035 kips P 3303 wps Po=
L Fi= 205 Kps F=
P s 954.9 kipx F=
Unbalanced Moment, M= Unbaanced Mament, Uribalanced Moment, M= TIS R Unbaanced Mament. M=
Calurmn Shape= Colurmn Snape= Cofurnn Shape= Wi Calurnn Shape=
Colurmn Degtn= Calunn Depth= Cofumn Death= 120 Calurnn Depth=
Effective Lengzh, K= Effectie Length, K= Effective Length, K= L0 Esfectue Lengtn, K=
Column Length, L= Eolumn Length, L Coumn Length, L= 150 Calumn Length, L
Eguivalert Azl Lozd, Po= 1151 kips Equivalent &zl Lozd, Pu= 1283 kins Equivalent Asizl Loag, Pu= 118 Equivalent Axizl Lod, Pu=
Extimated Column Witdls $P=1210K] Estimated Calumn Size: WIAIZ0 GP=1380K Estimated Column Size: W1AGS  OP=1100K Estimated Column Size:
Lead above level B Roo + Load sbove level B Roaf + Load anove level B Roct + e lewel B: Foof =
5 Floors 5 Floars 5 Floors 5 Floors
Ll .40 Ll 0.0 g 40 Lo 041
P 3024 ps B= 339.8 kigs P 3595 ks P= 1601 kips
P= 4925 kps Py 505.3 kins e S85.4 kips Pr= 257.9 Kips
LE R A T Fis 212 kigs Fi= 205 wips Fi= 51 kis
P= 11552 kips F= 13767 kips P 13468 kps Pu= 504.9 kips
Unbalanced Moment, M, 177.0 k= Unbaanced Moment, M= 1362 ke Urbalanced Moment, Mz 775 kRt Unbaianced Moment, M= 405 kh
Calumn Shape: Wid's Colurnn Shape: Wi Caturnn Shape= Wi Calumnn Shape= WLz
ColurnDepth= 14000 Colurnn Depth= Wi Calurnn Deaths 180n 140
Effective Lengeh, K: 10 Esfectie Lengeh, K 1 Effective Length, K= 10 10
Calumn Langth, L= 150 Calurnn Langtn, L= 150 Cofurnn Largth, L= 1508 1508
Equivalent dvisl Load. Fly= 150 iope Equivabers Axal Load, P, 1610 kinz Equivalent Auial Load. Py 1280 Equivaient Axal Load, P.= e
Extimated Column Wit132 (R.-1800K] Extimated Column Size: WLlss  QPA1650k Extimated Calumn Size: Widki32 OP=1430k Estimated Column Size- WidiE2__ QPT35S

Load aave level 6 Load sbove level 5 Load aowe level & Rocf + Load sbove level 6
7 Faor Fioors
040 Ly 040
4316 kps Ri= 1945 kins
7805 ips Pg= 3439 kips
205 kips Fi= 8.1 kins
P IT12dkps P 632 kis
Unbalznced Morment. I Unbalanced Marment. Urbalarced Mamert, W= 775 kR Unbaranced Moment M=
Column Shape= ColumnShapss  Wil's ColurmShapes  Wid's Column Shape=
Column Deat Column Depth Wi Colurmn Death= 1230m Colurmn Degthe
Effective Length, K= Effective Lengh, K= 10 Efective Length, k= 10 Effective Lengtn, K=
Column Length, L= Calumn Length Colurnn Length, L= 1504 Column Length, L
Equivalent Axial Laad, P, Equivalen 23l Loz Equivalent Aial Loag, Po= 1845 Equivalent Axal Losd, By

Ectimated Column

Ectimated Column Size:

Ectimated Calumn Size:

Widxlse OP,=1E10k

Estimated Column Size

Lazd save level 4: Laac sbove level & Load zoue level 4: Rocf + Losd zbove level & Foof =
3 Foos ¢ Foo
L 0.40 Ln: 020
P= 5238k Pi= 2303 kips
B 75Tk P 4269 ks
Fe 205 kips F= 5.1 kins
P 20760 kips Pi= 9243 kins
Unbalanced Momment. I Unbalanced Marment. W Urbalarced Mamert, W= 775 Unbaranced Moment M= 205 ke
Columi Shape: CommnShapes  Wldt Colurmn Shape=
Column Depth= Coturn Depth= 1407 Column Degthe
Effective Length, Esfectiee Length, Effective Length, K= 10 Esfectioe Length, K=
Columa Lengeh, L= Calumn Length Coiumn Length, L= 150+ Calumn Length, L=
Ecquivalert Axial Load, 207¢ kipe Equivalent &3l Lozd, F Equivalent uial Load, P 21 Equivaient Ax3l Load, Fugs
Estimated Column Size: Wi1o3 $9.=2210K] Estimated Calumn Size: Estimated Calumn Size: Widn1ss  OR=2210k Estimeted Column Size: Wiakoo  PP=1000k|
Lozd save level 2 Roct + Laac sbove level 2 Load soue level 2 Roof+ Losdzbove level 2 Fioaf =
1 Foor 1 Feo 1 Foors
040 040 L, 0.40
5098 iips 505.9 ips = 267.0 kins
9850 kg 11708 ks P 5159 kins
17.3 ks 205 kips P= 5.1 kins
0778 g Py 2404.7 ips Py= 10B5.4 kins
Unbalnced Moment M= 177.0 & Urbaiarced amens, W= 77548 Unbaiznced Moment W= 205k
Colurrn Shay Wi CommnShapes W4z Colurmn Shape=
Column Degt 1400 Coturn Depth= 1405 Column Degthe
Effective Lengh, 10 Effective Length, k= 10 Esfectie Length, K=
Columa Lengeh, L= 150+ Coiumn Length, L= 1508 Calumn Lengtn, L
Equivalent Arial Load, 2381 kp Equivalent duial Load P, = 338 Equivaient &x3l Load, B, =
Estimated Column Size: Wis211 $9,=2420k] Estimated Calumn Size: W14x233 (P =2680k Estimeted Column Size: Wildu19 PP =120k

Tributary ares per PH roof= a32 4 Tributary area per PH roof= Tributary area per PH roaf= 209 f
Infuserice are3 on PH roaf= el g Infiersce area ar PH roaf= Influerce area an PH roaf= 707
Foof Dead Loads (=/ab+SD1] 50 227 oo Desd Loads [s1:5450L 50 psf Floof Desd Loads [ab+5D) 90 pef
Fioa Live Load= [green rocf ares) 3095 Rioaf Live Loaé= (green roof area) 30 3F Rocf Live Load= (green roof area] 30 pef
Sraw Losds 1575 paf Snaw Loads Sraw Loacs 15.75 pat
Fioaf conztr Live Losd= 085 Roct canstr Live Losd= 20 paf Roaf canztr Live Load= 208:F Riocf constr Live Load= 20 st
Lozd sbave main roaf. PHrooft Laad sbove main rocf Load sbowe rain oo B Losd 3bove min roof PHoof=
0 Foor arz 0 Foor 0 Foo
13.0%p: 107 s R 3 kizz
o= 300 ks e 320 kps P 185 kins
B= 86 ks Fi= 74 ps RL= 42 kigs
P 58.8 ks Fi= 347 kigr
Unbalanced Mament. M, Unbalanced Moment, W= 00k Unba/anced Mament. M,=
Column Shape: wig's Coturn Shape= Colummn Shape=
Colurmi Depth 10 Cotumn Death= Column Degthe
Effective Lengeh, K= Effective Length, K= 10 Effective Length, k= Esfectie Length, K=
Column Length. L= Calumn Length, Courn Length, L= 1854 ColumnLength,
Equivalent Axial Load, F, Equivalen &x3l Losd. F Equivalent iuial Laad, = s Equivaient Ax3l Load, B, =
Ectimated Column Siz: Estimated Column Size: Ectimated Calumn Size: Wil OPFISER Estimated Column Size:




Column 24
Tributry Area

852 # per faor ar rosfs 1083 #
358 7 Infiuence Areaz 4331
Foor Dead Load= [2lab=3DL| 85 paf a5 paf
Roof Dead Loads [=iab+5DL| 85 pst 85 psf
pet 100 pof
Roof Live Load= frerrace] 100 psf
Roo Carstr. Live Load 0 pst Roof Canstr. Live Load 20 psf
Load sbove level 12 Roof = Load abaue level 12 Roo
1 Floor
Ly 0
P= 16825 kips
P 2058 kips
Pu= 7 kps
P 5177 kips
Uraalanced Moment, M=

Equislent Al Loa, P =

Caurn Shage=

Calurn Desth=

Effecive Lengih, k=
Colurmn Length, L=
Equivalent Axial Lasd, B =

1795 bt
3
120in
10
B50A
825

Estimated Column S5 Estimated Column Sae- W0 OF 1000k
Loat shove level 10: Roof = Load abave level 10: Roof =
3 Floar: 3 Foors
050 Ly 040
406 kips P= 283kips
3283 hips Po= 5 kips
173 hips Pir T
1115 kips P B89 kips
Urialanced Momens, M= 1785 kit

Equialent Aol Load, Pu= 1415 kigs

Calurn Shage=

Courn Desth=

Effective Length, k=
Coiumn Lergth, L=
Equivalent Asial Loag, Pz

1192

Estimated Column Size: Wia132 DP,=1450k]

Estimated Column Sae:

Wi4x109 QF-1210k

e level 5 Roof =
5 Floors
Lu 080
FE BED ke
s 2825 kips
=
R

Lozd abave level &

Raof =
5 Fcors
0.0
3249 kips
5173 kips
217 bips
12714 kips

Urbalarced Mamens, W=

Coturnn Shase=

Equiclent Aofalload, Pu= 1643 kips

Equivslent fuial Laat, P .=

Estimated Column Size: W1ax176 DPP=2010k]

Estimated Column Sae-

Widaas OF=1650k

Load abave level 6

Floors
080

855.4 kips
6556 kins
473 ki

21680 higs

Load akave level 6

Fioors
00

£115 kips
5231
217 bigs

46570 kips

Equialent vial Loac, Pu= 2472 kips

Unizalanzed Momers, M=
Colurn Shage=

Colurn ezt

Effective Lengi, k=
Column Lengin, L=
Equicalent Aol Loat. Po=

1955

Ectimated Column Size:

Extimated Column Size:

Wiiki7e OP,=2010k

Laad sbove level &

Load abave level 4

Roofs
& Fioors
00
2882 kigs
10283
a7
20025 i

Unizalanced Mamenz, 1=

Coumn Shases

Unizalanced Momens, 1=

Coturn Shage=

CourmnBestr= 1401 Coiurn Deoth= in
Effeciive Lengih, 10 Effective Length,
Coumnlergtn L= 1508 Coiumn Lergth, L= f
Equislent fvial Loat, Pu= 3001 kipz Equicaient Aial Loat, Pucs
Estimated Column Siz=- W1ak283_OP.3270K] Estimated Cohumn Seze- OF. 2020k
Loac sbove level 2 Load above level 2 Roof=
11 Fiers

Uriaatanced Marmars, W=
Colurmn Shage=

Caiumn Dep

Effective Lengh,
Column Length, L=
Equisient frial Loat, P =

3530 kips

Urizatanced Momars, 1=
Colurn Shage=

Coiurn Deot

Effective Length,
Column Length, L=
Equicaient Aial Loat, P.=

Estimated Calumn Size: W1akd11 §8,=3500Kk]

Estimated Column Sze:

e

Triutary srea per PH roaf= =
Indlugnee area on PH roai= s1#
90 pat

0 prt

1575 pot

Roct canstr Live Lozds Pt

Load abave main oo

P
=

Urbalanced Mamers, =

Colurn Shge=
Colurn Dea

Effective Length, K=
Column Length, L=
Equialent Avial Loat, Py=

Ectimated Column Size:

Wlsaz  $P,=136k

Note: Refer to Moment Frame B elevation in final report for column sizes that support combined gravity

and lateral loads




Moment Frame C: Estimated column sizes based on gravity load analysis only

cawmn 27
Tribatary &

fvar or rogts

Fizar Live Loc
Faet Live Lose
Fae? Cansts, Live Lond

Loac waove eve woar+

L
325 vips

B34 g

Commn 28
Trinutary rea
per fioar or raot=

nfiusrce Ares:
Fioor Dead Lozes [sisatSDLimen. seftwis)
fsian+sOLtmeam. seitwts)

S0 Constr. Live Loag

Lowd shove level 1Z:

column 23

3 pst

130 pst

130 pat

20 pst

Loag sbove level 13 Fant+

s
e
L

Calumn 30

et
EEELE

58 at

53 per
180 pet
180 pat
A2t Canstr. Live Loz 20 st

Lone waave level

L Faer

Kips

ive Length, k=

Calumn
Effectve Lengtn, K=

Columr Length, L= Comn Length, L= Column Lergth. L= Coumn Langth, L=
Equivaient Aal Losg, 7,.; # daial Load B ; s52 oz Equialant Luisl Loss, B Equivalent &iisl Loas, 7, ¢
Extimated Colsma Size: Estimated Column Size: Widxgz OFSTIEK Extimated Column Size: Estimated Column Size:
Loac ¥aove leves 10 woar+ Lond sbove evel 13: woat+ Loag sbove level 10 Lone ¥aave level 10
3 oo 3 Feon
025 os oy
3 ¥ 220.3 wips =
1558 Eips 3220 wps e
28 e was Fuz
3218 wips sigs Pu
Unbziances Moment, M= an wn Urasizncza Mamens, M=
Column Shapez Calumn Srases
in Calumn Degtn=
Effectve Lengtn, K=
n Column tengih, L= r
wips Equiralant Axisl Losd, Pz Equivalent &val Loac, 2,2 =26 Kips
Extimated Colsma Size- Estimated Column Sae W14x50 @F,=1000 k Estimated Column Size: Estimated Column Size: WiliEs  QF=608k

Loac aaoue e 2

Load shove vel 5 woat+

Laac sbave lavel & Fant+

P
B
Fu®
P

Lane aaave level £

Unbiances Moment, M=

Column Snapa=

Colemn Lengtn, L=

'

Unalancec Momert, M =

caemn Snapas
1uma Dept

wmn Lengtn, L=
# dvial Loms F 2

Equiva:

Uraslenced Mamen, 1A,
Calumn srazes

Calumn Dagth=

Emecte Lengtn, K=
Calumn Length,
Equiralant Axisl Losd, Pz 1652 kips

amn Length,
Equivalant &xial Loac, P,z

Estimated Column Size: wi1ax120

Estimated Column Size:

Estimated Column Size:

Loac aoove level & foof + Load zbave level & Root + Loacaoove level & Reat
Faor 7 Floars 7 Fioon
. 2.0 [T
X F kips 787.1 kips =
Pem F wias P 832 kips
3 [ wips e
Py R sips P 1mmaaips
Unbaiances Moment, 1,; Unbaiznces Moment, M, ¥ 1ED kT
ciumn Shape= ColumnShepes  Wid's
Coumn in Calumn Depth= 14.0in 40in
Effective Lengtn, k= 10 erective Lengtn, k= Erective Lengtn, K= 10 10
Column Length, L= mon Colmn Leagth, L= Calumn Length, 1501 Length, L= mon
Equivsient avial Lasg, Fu= 7 1548 o Equivsient axisi Losd, P 77 kips Exquivalent &l Loas, .y 2026 kipe
Estimated Cowma Size: Widaso DR, Estimated Column Sa=: Wildx1as Q71650 K Estimated Column Size: witis: Q2210 Ectimated Column Size:
Loac aoove level 4 Aoef + anove leves foof + Load zbave level 4 Root + Loacaoove level 4 Reat

BF I3
P a3s ki
Py Fi= 2478 Kips 11321 Kips
Unbaianzes Momen: FRRETTY Y™ 3w
olumn Shape= Calumn snzge: wiss
Column Calumn Death: 10
Effastive Lengtn, K= stactive Langtn, K= EMective Lengin, k= tive Lengtn k= 10
mon Conmn Lengt, L= " Calumn Length, L Corumn Length, L on
51 Eculvaient xial Load. P . wios Equivaient Axiai Lo, P Equivalen: AxiLoas. £ = 1283 kpe
Estimated Column Size: Widxso Estimsted Column Se: Widx176 DP.S2010K Estimated Column Size: Estimsted Column Size: Widx120
Loac zacue levei 2 anove fevel aoar+ Laag =oave level 2 Loac zaove leve 2
11 Feo
csa L
345 1 wias =

2063 kigs
12.8 wigs
29524 ips

Unaiances Momen:

olumn Shepe= W14
Columr. Deptn=
Eemeaive Lengtn, k= 19

1080 K

Column Shepe=
Calumn Seath=

Erectve Leng, k=
Calumn Langih
Equivalent Axal L

3130 kips

Extimated Column sze:

Wiaxa11 QF.F2820K

Estimated Colmn Size

wianzs3 QP=3270K

Estimated Column Size:

pes B roo
an #H rogt=
[siea+5EL)
Roo? Uve Load= [green oot anea]

Tritrutery o
Infeznce o
Font Des Lew

Snaw Los pat
Foor const 1 20 pst
Load avove main root: PH roofs
3 Foen
s 53 Kips
Fo® 12.8 kips
¥ <2 Kips
7y 387 Kips
Unceances Moment. M= [T
Cowmnshepes  wiss
Cetumn Degt 40 in
- 10
Coumnlength, L= 183 %
Equivalent Axial Loag, Py 33 gz
Extimated Column Size: Wit OF, 1%k




canmn 31 cowmn 32 caimn 33 cowmn 3
Tributery Arza Trizutary Arza Tributary Arez

Tributary A
par floor ar ragt=
Infuence Ar

par foar ar ragt= szt

Infusnce ar
Fizar

4 Loae:

s45OLEmen

Floor d Loac: {siob+5DLImem, se-wts]
Eoof Deac Load= [ies+SOL+mem. self-wts] 5 pat +SDLemam. seff-wts] Focf Deac Losd= [sies+SDL+mem. seif-wts] 53 pat
(omice space) 100 3t Figar Live Loan= (O space] (omice space) 100 st
Meen. Roam) 130 25t Face Live Load= [Mech. Room) Mech, Romm) 130 st
2025t Fac Constr Live Losd Loze 20 pst
Lose saove vt 120 Ract+ Loee zaave lever 42 Roats Lose zaove ieves 42 Ract + Loee zaave level 12
Floor
U 03
F 1003 kips
> 520 kips
Py 5523 kips
urasisnces Mamen:, 1, Unssianzaz a 1352 Urbesncea Memant, M, T3k
Colwmn snape= wia
1a0in 10
w0 10
130 conmn Lengtn, 1on
a0 Equivalens Axisi Loz, 7, 483 kips Equivmient A Lozd, P, 312 Kigs
Estimated Calumn Size WidxTs BR.ISETK Extimated Column Size: Extimsted Column Sze: WitsEl  @Fssar Estimated Column Size: Witz OFIELK
Lose saove e 10 Raer+ Lone saave iave Roars Lose zaove ves 10: maer + Loze za0ve leves 10
3 Foors 3 Feon 3 Floens
Wy 035 Wy 0 [T 2.4 .
= 1263 e Pe w0zvEs re 1398 kips P
1580 8ips P 2me0uEs 1538 bips =
£35 kips F= 135 vias L=
2903 kips e 757.0 kipe Py= Fe=
Ursalances Mament, M= wt Unszlancez Mament M= 1352 i Unksiancza Memant, M Ursslancs Mo

Calumn Snap: [ Column shay Calumn s

Calumn captn= n Colemr Deptn= Colmn Deptn= Calumn castn=
Effective Lengtn, K Effective Lengtn, K: ective Lengin Effective Lengtn,
Calumr Lengtn, - Calumn Lengtn, Celumn Length, Calumn Lanzh,

Equiveant axia Lasa, Kips Equivaant axisi Lasa, P squivalen avisi Loac, 7, = €33 kips Equiment axial Loss, F, 4330
Estimated Calumn Sice: Widxl G100k Estimated Column Sie: Estimated Calumn = WidTs QREETk Estimated Column Sin WidEL GRSk
Load =5ove level = Raet+ Lane a5ave level & Foat+ Load =9ove level 5 Aaof + Lane asave leve! & Acaf+
3 Foon s ars
[T 240 Das

E 169.4 vips 1303 wias

2045 kips

F 7.2 kigs

2= F F, 4518 kizs

Unsalances Mamenz, b

Column Snape=

Calumn D 1130n
Emmactive Langtn,
zon Calumn Lengtn, 1= Cotumn Length. L= Calumn Lengin, L= 3an
£qu =42 sips Equiveient dxisl Lozd, P Equivalert Axs Loae, P, 7S7 kigs Equivmient Al Lozd, P 381 5
Estimatea Column size wilaxsn_©F, 1000k Extimaten Column size Ertimatea Comn size: wilaxsn OF, 10008 ‘Estimatea Column size- Wiass_ OF, 08K
Loas saoue level & Facr+ Lons soaue level € maor+ Loz 2aoue evel € Roar+
7 Foan 7 Foon T Floon 7 ron
040 0.2 2.0 a0
1501 #ips 333.0 wins 2081 kips 1322 wips
3328 dips 3820 wias 5678 kips 228 0
Py= 85 kips Fu= 136 wins 3.7 kips 7.2 kips
Py 754.3 kips P 13318 wips Fu= 536.2 kips £113 kigs
Unoalanced Mament, M= 1770 & Untalancec Mam EE2em Urbaianced Moment, M= 203k
ColumnSnspes  Widz Calumn Snepe= Column shap Column Srape=
Calmn cepy 100 Calumn Depy Conmn Cepr Catumn eat
EMtective Langtn, k= o emective Langen, Erfective Largn,
Calumn Lengtn, 1 FEE an Columa Length mon Calumn Lengin
Equivalent AxinlLoad, P 1088 sips 1383 wis Equivalent Axial Losc, Fu= 565 Kips Equivalent Axial Load, Fug= 51 inr
Ectimated Calumn Size: Wiaxgs F 1100k Estimated Column Sae: Widids (P 1E50 K Estimsted Calumn S wiazsn  BF F1000% Estimated Column Siz Widxgz  OFITISK
Loas saove ievel & Racts Loac azaue vl Rears Loae saove ievel & mact+ Loac sooue lever Reat+
s soan s Foar R
u, [T 240
> ips E 2263 kips FLERRE
= xips 3411 wigs
(5 xips = 5.7 kips 7.2 wips
5 ips 10083 kips 7383 wias
Unazlanced Mament, 1, wnt Unbaiznced Moment, M, 203 6n
ColumnSnapes Wids
Calumn oeg 100 gin
EMective Langth, b 10 Ezctive Length, = Effective Lengtn, k= 10
Calumr Lengtn, L 1on Celumn Length, Calumn Lengn, 1zan
Equivaent wisl Los, P, ; 1233 kips Equivalens Axis Loas, 7, 1144 kipz Equivmient Axisl Load, P 208 kips
Estimated Column Size: Widk120 $F=1340k Estimated Column Size: Estimated Column Size: Widxios QR1ZI0K Estimated Column Size: Widase  $FT1000 k
Loas saoue level 2 Facr+ Lozs smaue level 2 maor+ Loz aoue lever 2 Roar+
11 Foan 1 Fgars
40 240
2608 xips 2815 kips 2118w
2032 xips L8 kips 4083 wias
P 23 kips s 5.7 kips 7.2 ias
*=  10sosps = P 1m0 kips 5671 cios
Unoalancez Mament, M= 177.0 k% Untalsncec Mar Urbeiances Moment, M= a3k
Calumn Snapes Calumn Snapes Column shap Calumn Shape=
a Calumn Depty Column Cept Calumn Zeat
Lengtn, K emective Langen, Erfective Largn,
Coumnienginl= 1307 Calumn Lengtn, L= Columa Length. L= Calumn Lengin, L=
Lo2d,F . 1az2 Kips et axisl Lazd, P 2140 kips alert axiniLoe, ?, 1334 kips Equimient dxil Lod, P s
Estimated Calumn Size: W14x132 QF,T1280 K Estimated Column Size: wian193  BP=2210K Estimsted Column Size: Wisx120 QF13a0k Estimated Column Size: W14x80  @F.=1000 K
Tributsry area per PH ract= PR Tributary area per PH root= Tributsry area per PH ract= 3w Tributary area per PH roof= 20zt
Infiugnce ares an H roat= Infiuence area an #H root= Infiugnce ares an H roat= 1370 InNieence arez on #H rogt=
RoctDend Losds [simn450L] Rocf Dead Lose= [sis550L) Roct Dend Losd= [simo450L] 0 pat Foot Desg Loacs [zia+50L)
FactLive Lasas [green ract u Ragt Lve Loazs [green root srea) FactLive Lazas [green ract ar 0 par Fagt e Losd= [green raot
Srow Losa= = Srow Losa= 1373 par Snow L
Ract constrLive Lasaz Losa= Ract constr Live Lasaz 20 psr Raor canstr Lve Loaas
Loac saove main roat. Lozg snave main ract: 2 ract Loac saove main roat. Priraan Loz soove main roet BH raot
2 Foo ¢ Fior ERES
2 s 103 ips P E1ia
P 229 s 309 kips L 182 W
ke 113w &5 Kips X FETY
5 = 7.6 kine 36.5 kips By EEETTY
Unaziances Mamens W= Unoalances Mament, W= o Unbaianced Moment, M ok Unaalanced Mament, 1,
Calumn nape= Calumn Snape= 14 Calumn Shzpe=
Calumn Zeat

Calumn Dz
0 Stactive Langtn, K erzctive Langtr,
e n Calume Langtn, L= s Cotumn Lengeh, L=

&3 kips & P 53 wims aler AxE Lo3e, Pug 37 higs squment e
Estimated Column Size. wianss GF 136K Estimated Columa Sice: Wiass @Rk Estimated Column Size: e Estimated Column Size- Wias  GFI36K

Effective Lengtn,
Calumn Lergin
Lo

. P

nt axial Law




Calumn 33
Tributary ares

ssg '
270 1
slab25DLHmEm. Seifwt: 53 paf
ab35DLemem. seituts] 53 psf
130 g2t
130 por
20 pat

Lond atave evel 12 Raot+

nced Moment, M 52Kk
Cowmnsrapes  wids

zon
Equialert A o8, B,y 513 kips

Estimated Cotuma Size- WidEl OFS43k

Lond atave evel 40 Raot+

Unasienced Moment, b,
Calumn srapes

Calumn Depth=

Eractiue Langr, K=

Calurn Lengtr.
Equialet AN o83, BT
Estimated Colamn Size:
Lona azave jevel & Ao+
3 Ficar
' s0
® 1233 kips
B 37s ks
2 120 kips
P 13233 kips
Unasisnces Moment, b= s2kk
Cowmnsrapes  wids
Calumn Depths 100
Eractive Lenzih 10
Calurmn Lengtr. mon
Equialert A Losa, B, 1336 kips
Estimated Colema Size:

Losg asave level §

Column
Equvalert ax
Ecimated Conmn Size:

Losa szave level & Raor+

ColmnSrages  Wlds
Conumn oepn
Erectue Lengin

Equvaiert ax

Extimatea Conma size:

Losz azave level 2 Raor+

Equvaiert ax
Extmatea Comma size: Wl

Tributary sres per P roor= o

Estimated Cotma Size: dr ek

Note: Refer to Moment Frame C elevation in final report for column sizes that support combined gravity
and lateral loads



Moment Frame E: Estimated column sizes based on gravity load analysis only

Column 43
Tributary Area

Column 50
Tributary Arez

Column 51
Tributary Arez

per flgor or roof= 33987 per flaor or rox 613 f° per flaor or roof: 333 fr
Influence Area= 1245 Influence Area= 2386 Influence Area= 1245 ft
Floor Dead Load 95 psf Floor Dead Loads= (slab+SDL+mem. self-wr: S5 psf Floar Dead Load: 95 psf
95 psf Roof Dezd Loads= (slab+SDL+mem. seif-wts) S5 psf Roof Dead Load= (slab+SDL-mem. 52/ 95 psf
100 psf Flaor Live Load 100 psf Floor Live Load= [Office Space) 100 psf
Roof Live Loads= (Green roof arez) 30 psf Roof Live Load: 30 psf Roof Live Load= (Green roof area) 30 psf
Roof Constr. Live Load 20 psf Roof Constr. Live Load 20 psf Roof Constr. Live Load 20 psf
Load above level 12 Roof + Load abeve level 12: Roof + Load above level 12: Roof +
1 Fisor 1 Fleor 1 Floor
Lo 068 [ 056 Uy
Pi= 33.1 kips P= 52.6 kips A= kips
- 54.4 kips 1165 kips P kips
F= £.2 kips 123 kips Fu= 6.8 kips
Py= 133.6 kips Pu= 230.1 kips Py= 133.6 kips
Unbalanced Mement, M,= 2340 kit Unbalancad Moment, M, 355 kft Unbalanced Moment, M= 605 kft
Column Shape= Wid's Column Shape=  W1d's Column Shape=
Column Depth= 1401in Column Dept 14000 Column Depth=
Effactive Length, K= 10 Effective Length, 10 Effective Length, K=
Column Length, 1501 Column Length, 150 ft Column Length, L=
Equivalent Axial Load, Fyg= 535 Equivalent Axial Load, Fyg= 281 kips Equivalent Axial Load, Fyg= 237 kips
Estimated Column Size: widsl  DP=5A3 K Estimatad Column Size: Widxa3  OP,=292k Estimated Column Size: Wlaxd3  OP,=292k
Load above level 10: Roof + Load above level 100 Roof + Lozd sbove level 10 Roaf +
3 Flsors 3 Floors 3 Floors
[T 050 043 U 050
A= 0.5 kips 97.1 kips Pi= 60.6 kips
= 128 8 kips 232 9 kips Fo= 128 8 kips
Pi= £.5 kips 12.3 kips Py= 6.8 kips
Pu= 254.9 kips 4410 kips Py= 2549 kips
Unbalanced Mement, M,= 2340 kit Unbalanced Moment, I 35.5 kft Unbalznced Mement, M= 60.5 kit
Column Shape= wia's Column Shap: wia's Calumn Shape= s
Column Depth= 140in Column Dept: 140 in Column Depth: 14.0in
Effective Length, 10 Effective Length, 10 Effective Length, K: 10
Column Length, 15.0 ft Celumn Length, 150 ft Column Length, L= 150 ft
Equivalent Axial Load, F,y= 656 Equivalent Axial Load, g 502 kips Equivalent Axial Load, Fyg= 358 kips
Estimated Column Size: Widx74 Estimat=d Column Size: Wlixel OP, 543 k Estimat=d Column Size: Wiixel OP,-5A3K
Load above level 8 Roof + Load above level 5 Roof + Load sbove level B: Roaf +
5 Floors 5 Floors
044 Ly
248 kips Pi=
193.2 kips P
6.8 kips Pu=
3709 kips Py=
Unbalanced Moment, M= 2340 kit Unbalancad Moment, M,= 355 kit Unbalanced Moment, M=
Column Shape= Wid's Column Shap: Wid's Column Shape=
Column Depth= 1401in Column Dept 14.0n Column Depth=
Effective Length, 10 Effective Length, 10 Effective Length, K=
Column Length, 15.0 ft Celumn Length, 150 ft Column Length, L=
Equivalent Axial Load, Py= 772 Equivalent Axial Load, F 712 kips Equivalent Axial Load, Peg= 475 kips
Estimated Column Size: W14x30  OP,=1000 K Estimated Column Size: W1sx7a  OP,=667 k Estimated Column Size: Wiaxe1  DP,=543K
Load above level 6: Roof + Load above level & Roof + Load above level 6: Roof +
7 Floors 7 Floors 7 Floors
Lo 041 [ 040 Uy 041
Pi= 107.6 kips Pi= 1900 kips Pi= 1076 kips
P 257.6 kips 2 465.9 kips P= 2576 kips
Fi= 6.5 kips Py 12.3 kips Py= 6.8 kips
Py= 484.5 kips Pu= 869.2 kips Py= 484.8 kips
Unbalanced Moment, M,= 2330 kit Unbalanced Moment, M,= 355 kft Unbalanced Moment, M= kft
Column Shape= Wid's Column Shaps Wid's Column Shaps
Column Depth= 14.0in Column Deptl 140 in Column Dept n
Effactive Length, 10 Effective Length, K 10 Effective Length, K
Column Length, L 1501 Column Length, 150 ft Column Length, ft
Equivalent Axial Load, Py, D Equivalent Axial Load, Fop= 530 kips Equivalent Axial Lozd, Peg= kips
Estimatad Column Size: Wi14x30 ©P,=1000 k| Estimatad Column Size: Widxgo OP,=1000k Estimated Column Size: wiixes  DP,=602 k
Load above lev Roof + Load above level 4 Roof + Lozd sbove level 4: Roaf +
3 Floors 5 Floors s Floors
0.20 0.40 U 040
132.2 kips 2391 kips A= 132 2 kips
322.1 kips 5824 kips B 3221kips
6.8 kips 12 3 kips Pu= 6.8 kips
5014 kips Pu=  1087.5 kips Py= 6014 kips
Unbalanced Mement, M,= 234.0 kit Unbalznced Moment, M, 35.5 kft Unbalanced homent, M, 60.5 kit
Column Shape= Wid's Column Shape=  W1d's Column Shape=  Wid's
Column Depth= 14.0in Column Deptl 140 in Column Dept 14.0in
Effective Length, K= 10 Effective Length, 10 Effective Length, K= 10
Column Length, L 150t Celumn Length, 150 ft Column Length, 150 ft
Equivalent Axial Load, o= 1003 Equivalent Axial Load, Po= 1148 kips Equivalent Axial Lozd, Peg= 705 kips
Estimated Column Size: W14x99  OP,=1100 k Estimated Column Size: W14x109 @P,71210k Estimated Column Size: W1axg2  DP=735k
Load above level 2: Roof + Load above level 2. Roof + Load above level 2: Roof +
11 11 Floors 11 Floors
0.40 Uy 0.40
159, 2851 kips Pi= 1553 kips
386.5 kips 692 8 kips 388 5 kips
6.8 kips 12 3 kips 6.8 kips
Pu= 722.1 kips 13057 kips 722.1 kips
Unbalanced Moment, M= 234.0 kit Unbalancad Moment, M= 355 kft B0.5 kft
Column Shape= wia's Column Shape=  Wi14's wia's
Column Depth: 14.0in Column Dept 14.0in 1400
Effective Length, 10 Effective Length, 10 Effective Length, 10
Column Length, L= 1501 Column Length, 150 ft Column Length, 150 %
Equivalent Axial Load, o= 1123 Equivalent Axial Load, Fyg 7 kips Equivalent Axial Load, Fyq 526 kips
Estimated Column Size: W14x109 DP,=1210 k| Estimated Column Siza: W14x132 @P,~1480k Estimared Calumn Size: W1ax30  (P,=1000 k

Note: Refer to Moment Frame E elevation in final report for column sizes that support combined gravity

and lateral loads




Moment Frame 1: Estimated column sizes based on gravity load analysis only

‘Column 38 Column 1
Tributary Area Refer to Moment Frame 1
per floar or raof= 540 fr* Celumn 15
Influence Area= 2055 7 Refer to Moment Frame 2
Floor Dead Load= (slzb=SDL+mem. self 95 psf Calumn 27
fioof Dead Load= (siab+SDLmem. self- 95 psf Refer to Moment Frame 3
Flaar Live Loa 100 pst Column 43
Roof Live Load= (Green roof area) 30 psf Refer to Moment Frame 4
Reof Constr. Live Load 20 psf
Load above level 12: Roof +
1 Floor
058
47.6 kips
102.6 kips
10.2 kips
Pu= 204.6 kips
Unbalancad Mement, M,= 1735 kit
Column Shape= Wid's
Column Depth= 1401n
Effactive Length, K= 10
Celumn Length, 1504
Equivalent Axial Load, Poy= 502
Estimated Column Size: widxsl OP=543k
Load aove level 10: Roof +
3 Floors
Llyes 0.4
87.6 kips
205.2 kips
Fu= 10.8 kips
Pu= 3319 kips
Unbalancad Mement, M,= 1735 kit
Column Shape= wis's
Column Depth= 140 10n
Effective Length, K: 10
Column Length, L 150 ft
Equivalent Axial Load, Puy= &89
Estimated Column Size: W1x82 ®P=735k
Load as Roof +
5 Floors
040
124.2 kips
307.5 kips
10.8 kips
Pu= 5735 kips
Unbalanced Mement, M= 173.5 kit
Column Shape= Wid's
Column Depth= 120100
Effective Length, K: 10
Column Length, L= 150 ft
Equivalent Axial Load, P,= 871
Estimated Column Size: W14x30 ©P,=1000 K
Load above level 6 Roof +
7 Fioors
Lhres 040
= 167.4 kips
F5 4104 kips
Pu= 10.8 kips
Fy= 765.7 kips
Unbalancad Mement, M,= 1735 kit
Column Shape= wia's
Column Depth= 14010n
Effactive Length, K. 10
Column Length, 1501t
Equivalent Axial Load, Po= 1063
Estimated Column Size: wi1dxg9  DP,=1100 k
Load above level 4 Roof +
9 Floors
Ll 040
P 210.6 kips
o= 512.0 kips
Pu= 105 kips
Fu= 958.0 kips
Unbalanced Moment, 1,= 1735 kit
Column Shape= wia's
Column Depth= 140in
Effective Length, K: 10
Celumn Length, 15.0 ft
Equivalent Axial Load, Peg= 1255
Estimated Column Size: W14x120 ©P,=1340 k]
Load ab Roof +
11 Floors
040
253.5 kips
615.6 kips
Pu= 10.8 kips
Pu= 1150.2 kips
Unbalancad Mement, M,= 1735 kit
Column Shape= W14's
Column Depth= 14010n
Effactive Langth, K 10
Column Length, L= 1501t
Equivalent Axial Load, Peg= 1425
Estimated Column Size: wi1ax132 OP,

Note: Refer to Moment Frame 1 elevation in final report for column sizes that support combined gravity
and lateral loads



Moment Frame 1’: Estimated column sizes based on gravity load analysis only

Calumn 37
Tribuzary ares
perflaor or root= o1

Calumn 42
Tribuzary ares

per fiogr or roef=
Influeras &

Ltmem seiteuts) Fioor Sexd Lo +3DL+mem seifwts) 2ot
o+sOL=mem. seitwts) =2 pat = AT Deac Loacs [sep=soLsmen, carws 2200
rice space) 100 par 100 Fioer Live Loac: 200 25t

} 100 pst 10 RoctLive Lot 100 pt

Roof Constr. Live Losa Roof Constr. Uve Losg 20 pat Bt Constr e Loac 20 ps Asor Constr. Live Lose 2000

Load above level 12 Foct+ Load sbove level 12 Roct+ Lond above level 12 Ract+

1 Feer 1 oo 1 soor
Una css [ L cEl
2.4 Kips LS X 738w
F €14 Kips ] 7.2 wips
52
Pz o= 2r7s s
Unbeiznces Mament. M. Unbeiances Moment M= 1003 <t

Calumn Shag:

Column Death= Zolumn Dep: 12000
Emective Lenger, Erective Langir, Eftecte Lengt, 10
CalumnLength, Cotumn Length, L= Calumn Lengtn, non It
Equivelers 2xsiLosd, Py Equivalert duix Loac, Fug Squivsient dxisl Losd, Fus a7 Equivalert Axal Losc, Fug aco
Estimatea Commn Size: Estimated Column Size: Estimated Commn Size: W14xEL Estimated Column Size: wissr  DFSAT K
Loaa ncue level 10 Foers 103z 100wt level 10 Roor+ meats Raor+
3 Foen s 3 Feen s
LEY W  Daz e o cas
205 kips F= 1280 kps & 1133 kips 1028 kips
1227 Kips Py 2101 wips 1744 wips
53 Kias Fu 111 xips 52 6
2725 ins Fy= £ kips 3320 wips
[EES Ukanzes Momant W= 1220 Unbriznces Mamat ME 1005 et
ColomnShapes  waas ColumnShepes  Wads
o Calumn Degtr 10in Calumn Destrs 1a0in
emective Langer, €= 10 Emecive Lenger, 5= 10 Emactive Lenger, = 10
calumnLengtr, mon Catuma Length, Calumn Lengtn, ciumn Length, L
Equialent Axziiosd, P 513 Equalert st 102z, Pug 72 Equivtieat Axial Lasd, F Equalert Axtl Loac, Pug 160
Estimated Column Size: Estimated Column Size- Estimated Column Size: Estimated Column Siz W1drs8
Losd snoue Ievel & Loa snove level & Aacr+ Losg aave ievei 5 moats Lom sbae iever 2 Root+
PR 3 Fea
Ly o0 U om
re 4333 Kips Fe 1400k
Pox 2507 bips Po= 2505
Fs 20.2 kips 526
B 2255 kinz FE BEEpe
Unkaanzes Mamant, 1,2 E Untaiances Mament, b,z
Calumn Shap Calumn sha
Calumn Degtr Calumn Destrs
Ereciive Lengin 10 Erective Lengin, 5= Emecive Lengan, k=
conmn Langer, 1= mon Conumn Lengon, L= Calumn Langen, Conma Langin, L=
Equalen: areiosa, B 724 Ut ann e, P aaz Squiveent axisl o8 F Equalent Axw Loac, 7
[Estimated Column Size: Estimated Column Size: Estimated Column Size: Estimated Column Size:
Lomaznoue Ievel 5: Loag sacue ieve 6 Lose snave e &

Fioors

¥ips

Column Lengen,
Equivalert Axtl Losd, P,

a

Unoeances Mament, 1
Calumn sha

Calumn Degtns

Eftactive Langh, &
Commn Langn, L=
Equivalert Ave Laad P,

wiias
120in
1z

Calumn Lengen, pon

et Axial Losd, P 02

Comma Langn,

Equvaler: Axn Laag. P

Estimatea Commn size:

Extimated Column Size: Estimates Commn size: wiansg Estimated Column size: Wisxs0 OF=1000k
Losdzaove level Loz snove level & noat s Lons sbove w4 Raot+
s Foers
[T a0 040
B 2344 sips 2346 kips
Fg= 3234 T asedkips
= 414 wips Pus
Pu= 10430 dips P
Unbmrances Mament, 1, FETre
Calumn sha
Calumn Degtns 0in
Erective Langih 10 Emective Lengtn, k= 10
Column Lengeh, nBon Cotuma Lengih, L 3on
Equivalent A4t 1080, Puus 343 Equvalent Av 1080 P 1232 Egquiveient axial 1083, Fu= Equvalen: swimioag, Puf 1033
Estimated Commn Size: Wisssg DP=1000K Estimated Column Size: Estimated Commn Size wiass QP AIN0E Estimated Column Siz: Wiaxes QFL00K
Loadznove Iavel 2 Losd snove level 2 foars Lond abave lewes 2 Root+
Fiaors 1 Fiers
e LE [T
Fi= 2724 ¥ips
Fe= 2514 Kipz
B
P

e Depts

Unomances Mament, 1,2
Calumn Shape=
Calumn Dests

nmaiznces taomens,

luma

Uncances Mament, .
Calumn Shap:
Calumn Deat?

Eractive Langin, 5= eracive Langin, 5= Emectie Lengen, ¥ Emective Langen, €2 10
Column Length. & Columa Length, L= Calumn Lengtn, 130 Couma Length 120
Equivalert Axel Lo, Equiveler Aviel loeg Fum 1aas Equivsient dxial Loz, 7 Equivaler Axa Loz P, 1201
Estimatea Column Size: Estimated Column Size: ‘Wiz OF, Estimatea Comn Si Estimated Column Sizs Wwisni0s PF 1310K




Column 33
Tributary aras
perflacr ar roaf=

Fao Conzar. Lve Laag

Lona 8z

1 meor

Columa Snaps
Columa Depths

Estimated Column Size:

Lond above bevel 13:

Estimated Commn Size, Wlasel BPSe3k

moar=

Unselsnced Momert, M= 250k
Colmnsnapes  wids

Wiggl OF 543k

Unsalanced Memers,
ColumaSaapes Wi
N .

wiael OF=S83k

Roar=
s e

203.8 bips

2183 vips

Pu 26 kips

Pe amakm

unoiencea bomers, w20k

CoumnSnapes  Wilds

Cowmapepn=  1201n

Eeractive Lengtn, 1o
Calumn Lengt, L zon
0t Auisl Letd, P sz

wiaes OFS0EK

Losg azave level 2 moar+
11 Foers
1282 kips
2622 bips
2 kips
et
500
ColumnSnapes WA
Column Deg 128in
Eftectivz Langtn, o
Calumn Lengtn L mon
Equivsient axial Load, Pus sa
Estimatea Commn size wiaxEz GF, TSR

Note: Refer to Moment Frame 1’ elevation in final report for column sizes that support combined gravity

and lateral loads



Gravity Column Design

Calumn 13 - Gravity Calumn
Tributary Area

Colurmn 25 - Grasity Calumn
Tributary srea

‘Column 36 - Gravity Column
Triouary Area

Column 38 - Gravity Column
Tributary Area

per ficar o oot 4554 perfloor o roof= T2 ser fioar or ragt= 71257 parfiaor ar roct= 875+
1608 7t 3482 £ Influence & 2850 7¢ Infruence Are 30045 £
sab#SDLsmem. zeffnes) 85 oot 95 et Foor Desd Lozd= (slabsSDLememn, cafuts) 55 ot Fioor Dead Load= [slab=SDLsmenn. self-arts] 5 et
S45DLmem. selfasz] 85 pif 95 paf Roof Dezd Lo b4SDLmem zeifowtz) 55 pef Roof Dead Losd= (tisbsSDLémen, sefowtz) 85 pf
Fioar Live Load= (Office Space) 100 psf 100 p=f Foor Live Losd= [Dffice Saace] 100 pzf Fioor Live Loac= (Ofice Saace] 100 =t
Rocf Live Losc= (Terrace] 100 pif 100 pf Roof Live Load= (Terrace) 100 pif Roof Live Loads (Green Roof) 30 paf
Carztruct. Roaf LL= 20 psf 20 ot Roof Live Load= (Green oo 30 Conztruct. oo LL= 20 paf
Cansiruct. Boaf L= 20
Load shoue leve! 12 Lasd sbove bevel 12: Roc + Loz sbove level 13: Faaf = Load above level 12: Roc +
1 Flear 1 e 1 Flear
e s 058 L 053 s 030
B B= 1161 ki Pz Bk Pz 781 kips
B Po= 1467 kips Pi= 1354 kips P 1654 kips
= = 154k Ri= 18.3 kips - 1854
= 3685 kips P 3042 kips 3572 kips
Unbalanced Moment. M= Unalanced Mormertt. M 0.0 Unbalanced Mament, M= 00k Unialanced Momer. M 00 Mt
Coluran Shaze= Coturn Sk w14z Column Shages W14z
Colurmn Death= Coturmn Death= 1o Colurn Deph= 120in
Effective Lengih, k= Erfective Lergth, 10 Effective Lengtn, k= 10
o Lergeh, L= Jumn Langth, L= 150k Calumn Length, L= 1507
Equivalert &uisl Losd, F, = Equivalens &uial load ?,.= 370 Equivalent Azl Load, P .= 301 Equivalers &xial Load. 7, = 357
Calumn Size: Calumn Size: wisbl  DR=543 k Column Size: Wigas PR35k Column Sae: Wits3  PR=383 k
Load zbove leve! 10 Lasd sbove bevel 10 Roc + Loz sbove level 10: Facf & Roc +
3 Flcors 3 o 3 Ficar:
0.40 L 042 040
169.8 kips P= 14k 146.4 kips
293.4 kipe P 2708 ki 3709 kipe
15.4 kipe Pi= 183 kips 185 kige
315 kipr P 5471 kips SE5.L kips
Unbalanced Morrent, W= Urbaranced Mamert, 1= 00 kR Unizalanced Momert. 0.0 kf:
Coluran Shaze= Column Shages W14 Column Sk
Calurnr Death= Colurnn Depth= 120in Column Depti 10in
Effective Lengh k= Effective Length, k= 10 Effective Langth,
Calurmr: Lergeh, L= Calumn Lengh L= Columa Length, L= 1507 Colurmn Lengzh,
Equivalert Al Lasd, F, = Eguivalen: fial Loac, , Equivalent Asizi Load, Py= 54 Equivaler: fxial Losd. ,
Column 5i Column Size: Wia7s  DR=6ET k Column Size= Column S
Load sbove leve! 5: Lad sbove bevel B: Roc + Loz sbove level 5: Load above level §:
5 Floors
Uy 0.0 Lo
2316 kips P=
4300 ips P
15.4 kipe P=
063 kipz P
Unbalanced Moment. M= 0.0 Urbataneed Mament, 1=
Coluran Shaze= w14z Column Shage=
Colurmn Death= 1o Colurn Deph=
Effective Lengih, k= 10 Effective Length, k=
Columnn Lergeh, L= Column Lengeh, L= 150k Calumn Length, L= Lengeh,
Equivalers fuial Load, Pu= 08 Equivalent fviz! Load, Pac= Equivalers Svial Losd P 1037

Equivalent Aial Losd, Pui=

Calumn Si

WSl  DP=383k

Calumn Size:

Column Size:

Column Sze:

Load sbove leve! 5: Roof = Load sbove ievel 6: Roct+ Lozc sbove level & Foaf= Lozd above level 6 Roct+
7 Flaes 7 Fears 7 Flaees 7 Fleors
040 0.0 1 040 e 0.0
2934 kips P= 258 kips P= 3025 kips
5867 kips Pi= 5415 kips Pi= 748 kips
= 15. kips Pu= 143 kips 185 kips
Pus 11812 kips P 10502 kips 13540 kips
Unbalanced Moment, M= Unbalanced Moment, 00k Unbalanced Mamert, 1M,= 00kt Unaalanced Memend, [T
Colurn Shage= Column Sk Column Shape= W14z Coumn§ Wi
Colurn Death= Column Deat Column Depth= 100 Column Depth= Wi
Effective Lengeh k= Efective Lergeh, Efiestive Lengtn, k= 10 Effective Length, ¥ 10
Calumn Length, L= Column Langh L= Column Lengt, L= B0 Column Length, L 1508
Equivalert Axial Lozd, P, = Equivaler Avial Lod. P, Equivient duiziload, P 1050 Equivalers xial Loze. 7, 1384
Calumn Size: wiaB2  PPR=T35k Colurnn Size: Wid10s OP=1210k Column Size: Widag9 OP=1100k] Column Size: W14x132 DF=1a50 k
Load sbove leve! & - Load sboveievel 4: Roct + Lozc sbove level & Foaf+ Lozd above level 4 Roc+
8 Flocs 9 Foars 8 Floos 9 Fooss
LE) 040 L. 04 Las 0.40
2095 kips 3551 kips B= 3015 kips = 3606 kips
4332 kips 7334 kips Pi= 6768 kips Fi= 9272 kips
91 kips 152 kips P= 143 kips B~ 1835 kips
8500 kips 1456.0 kips B= 13039 kips P 17314 kips
Unbalanced Moment, M, a0k Unbisianced Mament, M= a0kt Uniaalanced Momers, 00 Kk

‘Calumn Shages Column Shape=
Column Deat= Column Depth=
Effective length, k= Effective Length, k= Effective Length, ¥ 10
Calumn Lengeh, L= Calumn Langth, L= Column Length, L= Colurn Length, L: 1504
Equivalert Axial Losd, Pa= Equivalers Awial Lozd. P, Equivalent Asizl Load, Pu= 1304 Eguivalers Axial Load, Puy= 1731
Column Size: Wisd0 §9=1000k Calumn Size: Wih132 QP 1180k Column Size: Wiax120 OF=1330k| Column Size:
Load sbove leve! 2: Roof + Load aborve level 2 Roof + Load abave level 2 Foaf = Load aboue level 2 Roof +
1 Floors 1 Floarz n Floors 1 Fioars
[ L) W, 04 L, 04 U 040
LE 246.2 kips P= 4169 kips P 3598 kipz P= 458.7 kips
P 519.5 kips P 8801 kips P 8123 kips Fy= 11126 kips
= 9.1 kipz 15.4 kipe Fu= 143 kips Bu= 185 kipe
17308 kips P Fu= 20789 kips
Unbalanced Moment, M, Unbaianced Momene, M, = Uniaalanced Moment, 00 kf
Column Shapes
Column Depsh=
EFectve Lergh, F: - Effetive Length, k= Effective Length, =
Calurn Length, L= Columa Length L= Calumn Length, L=
Equivalert Axial Loz, P,.= Equivaler Avial Load P, = Equivalent Asial Load, P, = Equivalers Axial Losc, 7=

Calumn Size:

Wings PP1100k

Column Size:

Widse OP=1E10k

Column Size:

Widx1es OP=1E50k

Colurnn Size:

W1t193 OR=2210k




Column 40 - Gravity Column

Column 41 - Gravity Column

Column 42 - Gravity Column

Trioutary Arez Tributary Area Trioutary Area
per flaor o roof: per floor or roof= 200 # per floor or roof: 203
Influsnce Area= Influsncs Area= 1010 fe* Influence Ars: 1417 2
Floor Dead Load= (slab+SDLemem. seif-vits) 95 psf Floor Dead Load= [slab+SDLrmem. seif-wis) 95 psf Floor Dead Load= (slab+SDL+mem. saif-v 95 psf
Roof Dead Load= [slab+SDL+mem. self-wts) 95 psf Roof Dead Load= (slab+SDL+mem. self. 95 psf Raof Dead Load= [slab+SDL+mem. seif-wis) 95 psf
Floor Live Load= {Office Space) 100 pst Fioor Live Load= [Office Space) 100 psf Floor Live Load= (Office Space) 100 psf
reen Roof) 30 psf 30 psf Green Rocf] 30 psf
Construct. Roof LL= 20 pst 20 pst Construct. Raof LL= 20 psf
Load above level 12: Roof + Lozd above level 12; Roof + Load above level 12: Roof +
1 Floor 1 Floor 1 Floor
0.53 0.72 Ly 0865
62.1 kips 20.4 kips P= 153 kips
1415 kips Po= 38.0 kips Po= 386 kips
Pu= 14.9 kips Pu= 4.0 kips Fy= 4.1 kips
Fu= 276.6 kips Pu= 20.3 kips Pu= 731 kips
Unbzlznced Moment, M= 0.0 kit Unbalanced Moment, M,= 0.0 kit Unbalzncad Moment, M= 00 kit
Celumn Shap Column Shap Wid's Column Shape= wid's
Column Deptl Column Depth= 14.0in Column Depth= 140 in
Effective Length, X Effective Langth, 10 Effective Length, k= 10
Column Length, L= 150 fi Column Length, L= 150 ft Calumn Length, L= 1507t
Equivalent Axial Load, Pag= 277 Equivalent Axial Load, Pay= 80 Equivalent Axial Load, Pe= 78
Column Size: Wiaxd3  DP=252k Column Size: Wiaxa3 P22k Calumn Size: Wi DP=292K
Load above level 10: Roof + Lozd above level 10; Roof + Load above level 10: Roof +
3 Floors 3 Floors 3 Floors
0.41 052 Les 042
114.8 kips 37.4 kips P= 35 3 kips
283.1 kips 76.0 kips Fom 77.1 kips
Fu= 14.9 kips 4.0 kips Pi= 4.1 kips
Fu= 5308 kips 153.0 kips Pu= 1511 kips
Unbalanced Moment, M= 0.0 kft Unbalanced Moment, M,= 0.0 kit Unbalanced Moment, M= 0.0 kit
Column Shape=  Wid's Column Shape= Wid4's Column Shape= wid's
Celumn Dey 1200 Column Dept 1200n Column Dep 14.0in
Effactive Length, 10 Effactive Length, 10 Effactive Langth, K 10
Column Length, 15.0 ft Column Length, 150 ft Column Length, L= 150 ft
Equivalent Axizl Load, Pu= 531 Equivalent Avial Load, P o= 153 Equivalent Axial Load, Pu= 151
Column Size: Wiaxl @P=543 k Column Size: Wiaxa3s P22k Calumn Size: Wiaxa3  DP=292K
Load above level 8: Roof + Lozd above level 8 Roof + Load above level 8: Roof +
5 Floors 5 Floors 5 Floors
Lren 0.40 Ll 0.46 Ueee 043
P= 1714 wps P 52.1 kips P= 436 kips
Po= 4247 kips Fo= 114.0 kips Fom 1157 kips
Py= 143 kips P 4.0 kips Py= 41 kips
Pu= 791.2 kips Pu= 2222 kips Pu= 2202 kips
Unbalanced Moment, M, 0.0 kft Unbalanced Moment, M, 0.0 kft Unbalanced Moment, M= 0.0 kft
Column Shape= 14's Column Shape= Wid's Column Shape= wia's
Column De; 140 in Column Dept! 140 in Column Depth= 140 in
Effactive Length, 10 Effactive Length, 10 Effactive Length, K= 10
Column Length, 150 ft Column Length, 150 ft Column Length, L= 150 ft
Equivalent Axizl Load, Pag= 791 Equivalent Axial Load, P o= 222 Equivalent Axial Load, Pug= 220
Column Size: W14xg0 DP=1000 k Estimated Column Sizes W1dxd3  DP=292k Estimated Column Size: Wiaaz  DP=292k
Load above level 6 Roof+ Load sbove level &: Roof + Load above level 6 Roof +
7 Floors 7 Floors 7 Floars
Lles 0.40 Lo 0.33 T 040
= 2310 kips Pi= 66.0 kips F= 62.0 kips
Po=  566.2 kips [ = 152.0 kips Fp= 154.3 kips
= 14.9 kips Pu= 4.0 kips Pu= 4.1 kips
Py= 10564 kips Pu= 2300 kips Fu= 288.0 kips
Unbzlzncad Moment, M= 0.0 kft Unbalanced Moment, M,= 0.0 kft Unbalanced Moment, M, 0.0 kit
Column Shape: Column Shape= Wi4's Column Shap Wid's
Column Depth= Column Depth= 14.00n Column Dept 14.010n
Effective Length, K= Effective Length, K: 10 Effective Length, 10
Column Length, L= Column Length, L. 150 #t Column Length, 15.0 4
Equivalent Axizl Load, Pug= 10856 Equivalent Axial Load, P o= 230 Equivalent Axial Load, Pa= 288
Column Siz W1dx33 PP=1100 K Column Size: Widxd3  PP=2392k Column Size: Widxa3  PP=292k
Load above level 4 Roof+ Load sbove level 4 Roof + Load above level 4 Roof +
% Floors E] Floors 9 Floars
L 0.40 Llres 0.41 Leen 0.40
P= 2906 kips Fi= 79.3 kips P 73.2 kips
Fo=  707.8 kips Po= 150.0 kips Fo= 192.3 kips
= 14.9 kips Pu= 4.0 kips Py= 4.1 kips
Pu= 13216 kips Pu= 356.9 kips Pu= 360.1 kips
Unbzlznced Moment, M= 0.0 kft Unbalanced Moment, M,= Unbalanced Moment, M= 0.0 kft
Column Shape= 2 Column Shape= Column Shap wid's
Column Depth= 140in Column Depth= Column Depth= 14.010n
Effective Length, k= 10 Effective Length, K= Effective Length, 10
Column Length, L= 150 Column Length, L= Column Length, 15.0 4
Equivalent Axial Load, Pu= 1322 Equivalent Axial Load, P o= Equivalent Axial Load, P 360
Column Size W14x120 $P,=1320 k| Column Size: Wldxs3  DP=369k Calumn Size: WLix53  BP,=369 k
Load above level 2 Roof+ Load sbove leval 2 Raaf + Load above level 2 Roof +
11 Floors 11 11 Floors
LLreg 0.40 Ly (T 040
= 3502 kips Fi= F= 5.4 kips
Po= 843 3 kips Po= 228.0 kips Po= 2314 kips
Fi= 14.9 kips Pu= 4.0 kips Pu= 4.1 kips
Pu= 1586.9 kips Fu= 426.0 kips Fu= 432.4 kips
Unbzlznced Moment, M= 0.0 kft Unbalanced Moment, M,= 0.0 kit Unbalanced Moment, M= 0.0 kit
Column Shape=  Wi4's Column Shape= 4's Wid's
Column Dep 140 in Column Depth= 14.0in 140 in
Effective Length, K 10 Effactive Length, K 10 Effective Length, 10
Column Length, L= 150 ft Column Length, 150 ft Column Length, 15.0 ft
Equivalent Axial Load, Pag= 1587 Equivalent Axial Load, Peg= 426 Equivalent Axial Load, Pyy= 432
Column Size: W1dx145 DP=1650 k| Column Size: WLxel  OP=543k Column Size: Wiaxgl  DP=543k




Eolumn &3 - Gravity Calumn

Colurmn 43 Gravity Calumn

Cofumn 45 - Gravity Column

Colurmn 46 - Gravisy Calumn

Tributary Area Triauary Area Tributary Area
per floar o ~aof= BeH ger floar o roate kT per fioor ar rocés 200 & per dloar or ~caf= 5514
Influence Ares= 1025 # Influence Ares= 1082 # Influeree Ares= 130 # Influznce Arza= 2 8
Fioor Dead Lo tlab+5DL+mem. celf-wrz) 95 pef. Floar Dezd Load= (zlzb+5DL+mam. saff-wex) 95 pcf 85 psf Ficar Dead Load= (slzb450L+mem. zeff-wiz) 95 paf
Roof Dead Loacs [#20450L+mem. self-wis) 35 psf PRoof Dead Loads |s'a045DLtmem. self-wis) 95 psf 5 psf Roof Dead Loads= (<ab+5DLtmem. self-wis) 35 paf
Fioor Live Load= [Office Space) 100 psf Ficar Live Lazd= (O<fice Space) 100 pcf 100 asf Ficar Live Lozd= (OFice Space) 100 pef
Foo? Live Loads {Green Roof) 30 psf Ract Live Loads (Green Foof) 30 psf 30 ozt Foot Live Load= (Gresn Foof) 30 psf
Canztruct. Roof LL= 20 pof Carstruct. Roof LL= 20 azf Construct. Roof LL= 20 o= Corstruct. Roof L= 20 psf
Load zbove level 12: af = Load zbove level 12 Load above level 12: Roof + e level 12-
1 Floor 1 Floar 1 Floar
Lo 0 [ a7 L 053
F= F= 28.9 gz B= 455 kips
Fo= Po= 55.1 lwipz 1047 kips
Pu= Pu= 58 lops Pu= 110 kips
P P 1152 kips P 40 kips
Urbalarcad Momerz, M,= Unbalanced Momens, M= Urialarced Momers, M= 00 kft Untzlznced Moment, M, 0.0 kit
Column Snape= Calumn Shape= Calumn Shape= Wiz Column Sha; wids
Column Depth= Calumn Dephs Column Depth= 14000 Cotumn Deatl 140in
Efective Length, K= Effective Lengtn, k= Effective Langth, ¥= 10 Efectve Length, K= 10
Calumn Length, L= Column Length, L= Column Lengtn, L= 1504 Calurnn Length, L= 1508
Equivalent Awal Loat, P= Equualent Axia! Lod, P,.= Egurvaient &xial Lod, B,.= 115 Equivalert Axial Load, P, 204

Calumn Size: Calumn Size= Column Size: Wlket3  OPF282k Calumn Size: widw3  OR=202k
Laac sbove level 10: - Load sbove fevel 10 Ficaf + Lozd above level 10 Boaf+ save bevel 10
3 Foom 3 Fioons 3 Foar
Le 051 051 0.4
P 1420 ks 528 ias 542 kipz
Py Por 2934 kips 1102 ks 2084 kips
Pu= Pi= 15.4 kips Pi= 55 im P 110 kips
P P= 5870 kip: P 2187 ks Pi= 3815 kips
Urbalanced Mamers, 1,2 ) Urbsalancas Wamer, W= 00 Urbalarced Mamers, W= 00 % Unisiznced Mament, M= 00 kR
Colurrn Shape= Column Shape= ColurnShapes W4 CommnShases  Wids
Column Depth= Column Depeh= Colurre Depehe 1400 [ 10in
Edfective Length, K= 10 Efective Lengtn, k= 10 Efective Length, K= 10 Effective Length. 10
Calumn Length, L= 5ok Coluen Length, L= 1507 Column Length, L= 150 Calurnn Lergeh, L= 1508
Equivalent Avial Loac, P, 136 Equivalent Asal Load, P,= 567 Equivalent Acal Load, P= 220 Equivalert Axial Load. P, 332
Calumn Size: Wiaas P22k Column Size= WiaEs  PP.=E0Ek Column Size:; Wlket3  OP-282 k wiabl DR=513k
Laad sbove level & Foaf= Load sbove fevel 5 Ficof + Load above level . Boaf s Focf +
5 Fiooss 5 Foar
Las L e 085 020
Rz P P T8k 1267 kips
Pi= Po= Br= 1653 m 3141 kips
P= B B 5.5 ks 110 kipz
e P Pe 3195k
Urbalanced Mamers, M,z Unizalancas Mamers, Wy Urbalarced Mamers, M,z 0.0 ke Unizlanced Moment, M,
Colurn Shape= Column Shape= ColurnSnapss WLz o
Colurr Depthe Column Depeh= Colurre Depehe 1400
Edfective Length, K= Effective Langth, k= 10 Effactive Langth, K= 10 Efiective Lergh, k= 10
Calum Length, L= Colurvn Length, L= 15047 Column Length, L= 150+ Column Lengeh, L= 1508
Equivalent Avial Loac, Pu= Equivalent Asial Load, Pag= 253 Equivalent Al Load, Pa= 319 Equivalert Axial Load. Py 535
Extimated Calumn Size: Witads_ PP 2ark Ectimated Column Size: Extimated Column Sae: Extimated Column Size: WiAkGE OP, 608K

Loac shove level 6: Fioof + Loac sbove feve! 6: Load sbave level 62 Boaf+ Loadaboue level 6
7 Floor 7 Foo
023 Loy 04z
842 kips P= 937 wms
1846 ip: P SE8T koo P 2304
Po= 154 %kpz Pi= 5.8 kigs
P 11140 kips P 4173 kips
Uralancee Wamers, W= Unbalances Mormens, W= 0.0 Urbalarced Momers, W= [T Unbalznced Mament, I
Colurn Shape= ColumnShapes Wiz ColuvnShapes W14 Corurn Shaze=
Calumn Depthe ColumnDeph= 140 ColuvnDepthe 14000 Corurn Deat
Efactive Length, K= Effective Length, K= 10 Efective Length, K= 10 EFectie Lang:h, 0
Column Length, L= lnghl= 150+ Coumnlength l= 1507 Column Lengeh, L= 1505
Equivaient Al Lasé, Py Equiaient Azl lozd, Fu= 1114 Equivalent foizl Lasd, P 417 Equivaler fvial Losd, , 781
Column Size: Column Size- W1Aa109 BP=1210k Calumn Size: Wikl 0PSB K Column Size:
Load sbove leve! Foof = Load sbove ieve Fioaf + Losd above level 4: Boof+ Laadzbowe level 4
S Floos S Foos 9 Foos
Ly 21 040 U 040
R 1003 Hip: 3025 kips Be 131wn
Pos 243.2 bips T3.4 kips Pr= 2755 ko
P 5.1 ps 15.4 kips B 5.5 kips
e 256.4 fips P 13718 kips P 5145 s
Urisalanced Wamers, M,z 0.0t Unszlances Mormens, M= 0.0t Urialanced Mamers, M= 0.0 it Unbalanced Moment, I
ColumnSnape= WAt ColumnShape= W4T ColuvnShape=  WidT Caturn Sk
Colurrn Deph= 140in ColuwnDeph= 1407 ColuvnDepth= 14070 Caturnn Deat 148 in
Effective Length, K= 10 Effective Length, K= 10 Efective Lengtn, F= 10 Effectie Lengeh, K= 0
Column Langtn, L= o0& Cournlengn L= 150 Coumnlength L= 150% Calumn Lergeh, L= moR
Equivaient Al Laad, P 56 Equiaient Azl Losd, Fuc= Equivalent foial Laad, Pu= 514 Equivalent Avial Load. P 577
Colurnn Size- Wikel  PP5Tk Column Sze- Column Size: Wikl P58 k Column Saze- W0 OF,=1000 k|
Load sbove level 2 Foof = Load sbove fevel Load sbove level 2 Load zboue level 2 Root+
1 Ao 11 Foars
20 1 0.0
1203 kips £ 5 2590 bigs
2918 fip: LN P 6281 kips
ps B= 154 kps Fi= 110 kips
5453 hips P 1684 kipe P 11736 kips
Urisalarced Mamers, M= 00t Unbalanced Marmens, M= 00 Ursalanced Mamers, M= Unbalanced Moment. 1 0D ki
Colurrn Shapes 1a's Colurrn Shape= Wiz
Colurn Depeh= 180in Colurrn Depei= 128in
Effective Length, K= 10 Effective Length, K= Efective Lengtn, F= EFectve lergtn, 10
Column Langtn, L= o0& Calumn Length, L= Calumn Lergeh, L= 1m0k
Equivalent Al Load, Pog= 55 Equicalent Equivalert Awial Load, P .= Equivalent Asial Load. P,,= 174

Column Sze:

wiaes  PPE0Ek

Calumn Size-

Calumn Size:

Wlais  OR.BET k

Calumn Size:

Wiax10e PR=1ZI0K




Colurmn 47 - Grauicy Column

Calumn 52 - Gravity Column

Calumn 53 - Gravity Column

Cotumn 54- Gravity Colimn

Tributary irea Tritutary Area Tributary Area Trioutary fres
per floar o rosf= (e e pefloce or oo oer foar o roof= 36
Irfluence Area= a3 # i Irfluence Areaz 10412 1 Infiuence Are: 1218
Floor Dead Laads {<lai+SBL+mem. selfss) 5 ot 55 et Floar Dead Loads= {z35+50L+mem. self-asz) 95 paf Fioor Dead Loads slabsSDLemen. sefowtz) 55 ot
S 55 o 95 gt Roo? Dead Laac= (dao45DLémen selfwis) 55 o
100 2= 100 100 o2t Foor Live Load= (OFfce Saace] 100
Roaf Live Loads Green Roaf] 30 055 30 30 gt Roof Live Load= [Green Roc) 30 it
Camstruce Aoof iz 20 Canstruct. RoofIL= 0p:F Construct Aot L 20 Gonsiruzt. RoafLL= 20
Load sbove level 12 Load sbove eve: 12 Load above fevel 12: Roct + Laad sbove level 12: Foot =
1 Fear 1 Foer
[ Uy on Ly o8
B= B= 20k B=  3L5kim
P Fo= 524 kigs Fi= S0k
Pu= B 5.5 s P 5.2 bips
= Fis 1103 ki P 66k
Urbsatarced Momers, M= Unbatanced Moment, Urbaarced Namere, W= o0k
Column Shape= Cotumn Shape= Column Shapes W4z
Colun Dephe Catumn Degth ColumnDeph= 140in
Efestive Length, k= EFfectue Lergh, ks 10 Effective Length, k= 10
Colurmn Lengtn, L= Colum Lergeh, L= Colnlergthls 150 Columnlength = 1503
Equivaient il Lozd, B, = Equivalent Axial Load. F, Equivalers il Load, P,y 110 Equivalent Aviai Load, Pe= 7
Caluran Sae: Wiks  GP. 292k Column Size: Column Size: Wikd3  PR292K Column Size: Wika3 PRS2k
Load ssove level 10 Boof+ Load sbove leve! 10 Roct-+ Loadt sbowe ievel 10: Lisd sbove level 10: Boot =
3 Foos 3 Foe 3 Foon
Ua 041 LS e L 050
P= 98.4 kipz 591 kips = Fi= 57.6 kips
Fe a7k 1251 kips Fe P 1218 kim
Pu= 128 kine 8.3 kinz L% P= 6.4 kips
PE 62k 2456 kips Fu= Py 2416kim
Ursalarced Womers M= 00k [Erer—y— Goun [Ty — Urbaiarced Nomere, s 00K
ColumnShapss Wit wia's Column Shapes W4z
ColumnDepthe  140in 120in Column Deph= 140n
Etective Lengeh, ke 10 EFectie Lengh, 10 Efectve Lergeh k= Effective Lengtn k= 10
Columlengtn L= 150 Calum Lergsh, L= Bos Colurnn Length, L= Colurnlengtn = 1507
Equiveient tuislLosd, Pz 456 Equivalers Auial Load. P, 15 Equivalerst sial Lose, Pugs Equivalent fuia! Losd, Puas w2
[ Calurn Size: Vg3 OF-HIK Collorn Sice: Colurn Sie- Wit 0P, 01F
Load ssove feve! 5 Load sbove leve! 3: Foat+ Load sbove fevel § Laad sbove level 5
Uy
= P=
P Po=
P P
P P
Urbalarced Momers. 1= Unbalanced Moment, M Unbalanced Moment, M= Unbaianced Namert, M=
Calum Shape= Cotumn Shape= Calurnn Shapes
Calun Depthe Cotumn Degth Calurmn Depeh=
Effective Length, = EFfectue Lengih, Eféective Lergih, K= Effective Length, k=
Colurmn Lengtn, L= Colum Lergeh, L= Calurar Length, L= Coluen Length, L=
Euvmient Anis| Loat, Pum Equivalent Avial Loadl. Fyp= Equivaler: Asial Loac., Pyy= Equivalent Avial Load. P,e=
‘Estimated Column S2e: Calurn Size: Coluenn Size: Coluran Size:
Laad zaave lavel & Beof+ Load sbove leve! 5: Roof = Load sbove level &: Load abave level & Foot =
7 Floes 7 Flooes
7 Feen
W, o ([ L] e  0a
B= 1988k P 1028 kips B= 1023 kips
Pe  amakm 7 2462 kips P 2037 ki
P 128 Py 6.5 kins P 5.4 kips
P 5094k Py=  asbd kips P a2
Urbratarced Womars. M= YT Unbalznced Moment, .= [T Unatznced Mamment, Urbaiancsd Mamert, M= 0D
ColumnShspes  Widz ColumnShages  Wid's Ceturn S Colurern Shapes WAz
ColumnDepthe  1401n Colurn Desth= 1UDin Caturn Death= Colurn Deptt=  14017n
Effective Langth, k= 10 Effectue Lengih k= 10 EFfectue Lergih, Effective Length, b= 10
Coumnlengtn, I= 150 % Calumn Length. L= Bo# jumn Lengeh, L= Columnlengin, L= 1507
Equivaens Avial Losd P 909 Equivalert ial Laad, Fu= 165 Equivalers il Load, = Equialent Aviailosd, Pu= 458
Colurnn Size: Wik QP.=1000 k o S Wl §F, =513k Column Size: Column Size- WL 9P, 543k
Load sove level & Roof+ Loat sbowe level & Roof = Loadt above fevel 4 Load 3bove level & Foat =
§  Foo 9 Fioors 5 Foos
e 040 040 Ly 0%
B= 2501kms 126.4 kips PE 150k
P 6092 3078 kips Pe 3046 ki
P 123km Bus 6.5 kips Pu= 5.4 kips
Pe  msTem Pi=  STAE ki P
Urbsatareed Momere, M= GO Urbaiznced Momert M= FOTE) Unbaiznced Mament. Urbaarced Mamert, M=
ColumnShapes Wiz ColumnShage=  Wid's Column Shape= Calurnn Sha
ColumaDepth= 1400 Column Deaths 10in Cotumn Dept Colurer Depsh=
Efective Length, k= 10 Effective Length, k= 10 Effectve Lengih, I Effecive Length, k=
Colrnlengtn, l= 150 Calumn Lergth, L= Bo# Columnlength L= 150 ft Colun Length, L=
Equivaient e Lose, Pucs Equivalert &uial Laad. F, = 575 Equivalers il Load, Equivalent Al losd, Pl
Celuran S Wit OF,T0K Column Size WlinGE__ PP.B0BK Column Size: Column Size:
Load s00ve ievel 2 Boo+ Load shove level 2: Roof = Load shove ievel Roct+ Losd abave level 2
1 Foom 11 Foors
U, oa 040 s
P 0Lk 1523 kigs B=
PE T3k 3694 kips P
P 128km P 6.5 kips P
P= 13660 kims P 6801 ki Pe
Urbalarced Momers, W= Cok Unbalanced Momert, M= L) Unbalanced Moment b1 Urbaanced Moment, M=
ColumnShapss  Widt folumnShage=  Wid's Column Shape= Colurrn Shage=
ColumnDepth= 1400 Column Deaths 10in Coturn Dept Colurer Depsh=
Efectice Length, k= 10 Effective Length, k= 10 Effectve Lengih, Effective Langtn, k=
umnlengn b= 150% Calumn Lergth, L= Boq Calumn Length, L= Colurn Length, L=
Equusient dal losd, = 1365 Equivalert &ial Load. Pug= 630 Equivalers il Load, Pu= Equivalent Axial Load, Pu=
Column Size: W14s132 BP,=1480k Calumn Size: WilaBZ__ QR=Task Column Size: Colurn Size: Wikkiz QF T35k

Note: Refer to final report for gravity column schedule
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Existing Concrete System Wind Analysis
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N-5 Direction E-W Direction
h; (ft) L(ft) hi (ft) L (ft)
Level (Height above grade of level i) | (Building Length at level i) hi*L; Level |{Height above grade of level i)|(Building Length at level i) hi*L;
1] 121.75 0| 1 o 314.58 0
2 12.54 121.75 1526.75 2 12.54 314.58 3944.833
3 23.17 147 3405.99 3 23.17 314.58 7288.819
4 33.79 147 4967.13 4 33.79 314.58 10629.66|
5 44.42 147 6529.74 5 44.42 314.58 13973.64|
6 55.04 147 8050.88| 6 55.04 314.58 17314.48|
7 63.67 147 9653.49 7 65.67 314.58 206858.47|
8 76.29 147 11214.63 8 76.29 314.58 23999.31]
9 86.92 147 12777.24 9 86.92 314.58 27343.29
10 57.54 147 14338.38| 10 57.54 314.58 30684.13
11 108.17 147 15500.99 11 108.17 314.58 34028.12|
12 118.79 147 17462.13 12 118.79 314.58 37368.96|
Main roof 130 147 19110| Main roof 130 314.58 40895.4
3= 852.34 124977.35 2= 852.34 268129.1
L= 146.63 L= 314.58

Building Effective Length, L.¢, used to determine the natural frequency of the building according to
Sect. 26.9 of ASCE 7-10



Velocity Pressure Coefficients, K,, and
Velocity Pressures, g,
Level Elevation (ft) K; d,
] 0.57 16.40
2 12.54 0.57 16.40
3 23.17 0.66 18.95
i | 33.79 0.76 21.87
5 44,42 0.81 23.31
6 55.04 0.85 24.46
7 652.67 0.89 25.61
g 76.29 0.93 26.76
9 86.92 0.96 27.63
10 97.54 0.99 28.49
11 108.17 1.04 29.93
12 118.79 1.04 29.93
Main Roof 130 1.09 31.37
PH Roof 148.5 1.13 34.43
Gust Factor-MWFRS
Variable N-S Wind E-W Wind
ny=n, 0.544
En=E, 3.4
2 4.042
ZITE!T ?g
L, mean 0.26
L:, mean 426.26
V7, mean 54.11
N, 2.46
R, 0.0788
B 0.01
n, 3.46
Ry 0.247
Levels 1-2 [Levels 3-12 [Levels 1-2 |Levels 3-12
Mg 8.36 8.36 3.24 3.91
Re 0.112 0.112 0.261 0.22
n 10.84 13.09 28 28
R, 0.088 0.073 0.035 0.035
R 0.353 0.351 0.527 0.484
0.78 0.78 0.83 0.82
G5 0.861 0.861 0.945 0.926
Gust Factor-Mechnical Penthouse
Variable N-S Wind E-W Wind
Gs 0.85 0.85

Velocity pressures (above) and gust factors (below) for the MWFRS



Wall Pressure Coeffients, C;

Description M-5 Wind E-W Wind
Levels1-2| Levels 3-12 | Levels 1-2 | Levels 3-12
L/B 0.39 0.47 2.58 2.14
Windward Walls 0.8
Side Walls -0.7
Leeward Walls -0.5 -0.5 -0.271 -0.293
Force Coefficient, C;
Description M-5 Wind E-W Wind
Mechnical Penthouse
h/D 1.32 1.32

Roof Pressure Coefficients, Cp
Description | N-5 Wind | E-W wind
h/L 0.88 0.41
0toh/2 -1.204 -0.9
hf2toh -0.748 -0.9
hto 2h -0.652 -0.5
=2h M/ A -0.3

Pressure coefficients




CASE 3 WIND LOAD
Wind Forces - N-5 Direction| Wind Forces - ENY Direction
Story Force Story Force
Floor [Kips) Floor [Kips)
PH Roof 107.11 PH Roof 32.07
Main Roof 44.01 Main Roof 20.68
12 36.77 12 36.57
11 85.53 11 35.04
10 24.25 10 35.32
5 22.30 5 34.32
2 20.81 2 33.57
7 79.07 7 32.69
B 77.08 E 31.70
5 75.09 5 30.70
4 72.86 4 29.57
3 £69.13 3 27.42
2 70.01 2 22.42
1 36.69 1 11.70

CASE 2 WIND LOAD
Wind Forces - M-5 Direction Wind Forces - E-WY Direction|
Story Force M Story Force M,
Floor [Kips) (k=) [Kips) [t}
PH Roof 107.11 3210.7 32.07 287.8
Main Roof 4401 2076.5 20.68 455.9
1z B6.77 4054.5 36.57 806.3
11 85.53 4035.9 35.94 792.5
10 84.25 3977.2 35.32 778.7
9 82.30 3883.4 34.32 756.7
2 80.81 3813.1 33.57 740.2
7 79.07 3731.0 32.69 720.9
& 77.08 3637.3 31.70 £98.9
5 75.09 3543.5 30.70 676.9
4 72.86 3437.5 29.57 £52.1
3 £9.13 3262.1 27.42 &04.6
2 70.01 3303.7 22.42 409.5
1 36.69 1731.3 11.70 213.7

CASE4 WIND LOAD

Wind Forces - N-5 Direction

Wind Forces - E-W Direction

Story Force M, Story Force n. ") S |1, I

Floor [Kips) [k-FE) [Kips) (k=) [k-FE)
PH Roof 20.41 2410.1 24.07 216.1 2626.2
Main Roof 33.03 1558.8 15.52 342.2 1501.0
12 65.14 30736 27.45 605.2 3678.8
11 64.20 3029.6 26.98 594.9 3624.5
10 63.27 289856 26.51 5846 3570.1
9 61.72 2915.2 25.76 562.0 3483.2
g 60.66 2862.4 25.20 E55.6 3418.0
7 559.35 2800.8 24.54 541.2 3341.9
& 57.86 2730.4 23.79 G246 3255.0
5 56.37 2660.0 23.04 508.1 3168.1
4 54 69 2580.8 22.20 489.5 3070.2
2 51.89 24487 20.58 4538 2902.6
2 52.56 24380.0 15.83 307.4 2787.4
1 27.54 1299.6 8.78 160.4 1460.0

Story forces for wind loads cases 2 through 4
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Wind Anafysic
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Wind Analysis Pase 9 s 4
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Building Effective Length, Log

N-5 Direction E-W Direction
h; (ft) L (ft) h; (ft) L (ft)
Level (Height above grade of level i) |(Building Length at level i) hi*L; Level |({Height above grade of level i)| (Building Length at level i) h*L;

1 ] 121.75 0 1 ] 314.58 0]

2 15 121.75 1826.25 2 15 314.58 4718.7]

3 30 147 4410 3 30 314.58 9437.4

4 45 147 6615 4 45 314.58 14156.1

5 60 147 8820 5 60 314.58 18874.5]

6 75 147 11025 6 75 314.58 23593.5

7 £l 147 13230 7 90 314.58 28312.2]

) 105 147 15435 ) 105 314.58 33020.9

9 120 147 17640 9 120 314.58 37749.6
10 135 147 15845 10 135 314.58 42468.3
11 150 147 22050 1 150 314.58 47187
12 165 147 24255 12 165 314.58 51505.7]
Main roof 180 147 26460 Main roof 180 314.58 56624.4
3= 1170 171611.25 = 1170 368058.6]

L= 146.68 L= 314.58

Building Effective Length, L., used to determine the natural frequency of the building according to
Sect. 26.9 of ASCE 7-10

Velocity Pressures, o,

Velocity Pressure Coefficients, K, and

Level

[ R T T N

= e
[ =]

12
Main Roof
PH Roof

Elevation (ft}
]
15
30
45
60
75
30
105
120
135
150
165
130
198.5

K:
0.57
0.57
0.70
0.81
0.85
0.932
0.96
1.04
1.04
1.09
113
117
1.17

1.2

9:
16.40
16.40
20.14
23.31
24.46
26.76
27.63
29.93
29.93
31.37
32.52
33.67
33.67
36.56

Gust Factor-MWFRS
Variable M-S Wind E-W Wind

ny=ng 0.417

E5=E, 3.4
Er 3.976

Zrnesn 108

I, mean 0.246

Lz, mean 475.1

Vz,mean 102.1
Ny 1.54
Ry 0.0908
B 0.01
n, 3.38
Rs 0.252

Levels 1-2 |Levels 3-12 |Levels 1-2 |Levels 3-12
g, 591 5.91 2.29 2.76
Rg 0.155 0.155 0.343 0.297
L 7.66 9.25 19.79 19.79
R, 0.122 0.102 0.0492 0.0493
R 0.456 0.453 0.659 0.613
Q 0.78 0.78 0.82 0.817
G 0.895 0.854 0.9%4 0.972
Gust Factor-Mechnical Penthouse
Variable M-S Wind E-W Wind

Gs 0.85 0.85

Velocity pressure and gust factors for the MWFRS



Wall Pressure Coeffcients, C,

Roof Pressure Coefficients, Cp
Description | N-S Wind | E-W wind
h/L 1.22 0.57
0toh/2 -1.3 -0.956
hf2toh -0.7 -0.872
hto2h N/A -0.528
=2h N/A N/A

Description M-S Wind E-W Wind
Levels 1-2 | Levels 3-12 | Levels1-2 | Levels 3-12
L/B 0.39 0.47 2.58 2.14
Windward Walls 0.8
Side Walls -0.7
Leeward Walls -0.5 -D.5| -0.271 -0.293
Force Coefficient, C;
Description | M-S Wind | E-W Wind
Mechnical Penthouse
h/D | 1.33 1.33

Pressure coefficients
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Existing Concrete System Seismic Load Analysis
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Existing Superstructure Weight

Floor Weight Calculations
Floor Area  |Perimeter |8" slab weight |Superimposed DL | Curtain Wall | Total Weight
(ft%) (ft) (psf) (psf) Weight (plf) (Kips)
2 31889.00 | 8346 100 10 250.00 3716
3 3428900 | 9146 100 10 250.00 4000
4 3428900 914 6 100 10 250.00 4000
b 3428900 | 4.6 100 10 250.00 4000
B 3428900 | 9146 100 10 250.00 4000
7 3428900 9146 100 10 250.00 4000
B 3428900 | 4.6 100 10 250.00 4000
g 3428900 | 9146 100 10 250.00 4000
10 3428900 9146 100 10 250.00 4000
1" 3428900 | 4.6 100 10 250.00 4000
12 3428900 914 6 100 10 250.00 4000
Main Roof | 34289.00 9146 100 10 250.00 4000
PH Roof | 7181.00 381.8 100 b MIA, 754
Tatal Floor Weight= 48475
Typical Floor Column Weight (4th Level)
Size Length Unit Weight | Volume | Weight
{in x in) Quantity Clear Span(ft)| (Ibs/it®) i) {Kips)
18X36 4 9.96 150 179.25 26.89
16X32 7 9.96 150 247 85 3718
18X28 1 9.96 150 34 85 523
18X42 3 9.96 150 156.84 2353
24330 6 9.96 150 29875 44 81
24324 10 9.96 150 398.33 5975
24 dia 12 9.96 150 375.2 56.28
16X48 2 9.96 150 106.22 15.93
16X66 1 9.96 150 73.03 10.95
14¥48 2 9.96 150 92.94 13.94
1224 5 9.96 150 99 58 14.94
22¥26 1 9.96 150 39.56 593
20.5X24 1 9.96 150 34.02 510
2224 1 9.96 150 36.51 £48
14X96 1 9.96 150 92 .94 13.94
24336 2 9.96 150 119.50 17.93
28%28 3 9.96 150 162.65 24.40
12X48 1 9.96 150 39.83 595
11%24 4 9.96 150 73.03 10.95
16X96 1 9.96 150 106.22 15.93
14X66 1 9.96 150 63.90 9.58
28 dia 8 9.96 150 3405 51.07]
18X64 1 9.96 150 79.67 11.95
Column VWeight per floor (11 total firs)= 488
Total Column Weight= 5365
Typical Floor Drop Panel Weight (4th Level)
Size Thickness |Unit Weight |Volume Weight
{in x in) Quantity ({in) (Ibs/it’) {ft) {Kips)
Continuous Drop (around
36 wide perimeter of all floors) 3.50 150 800.28 120
min. 68X68 40 8.00 150 856.3 128
Drop Panel Weight per floor (11 total firs)= 248
Total Drop Panel Weight= 2733
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New Steel Superstructure Weight

Grawty Beam Wel

ht (Typical Floor- 3rd Level)

Gravity Beam Weight (2nd Level)

Bay Size Quantity Span Unit Weight | Weight Bay Size Quantity Span Unit Weight| VWeight
ift) (Ibift) (Kips) ift) (o) | (Kips)
25-6" W16x26 15 285 26 11.12 286" | W16x26 9 285 26 6.67
g0 W18x40 7 35 40 9.80 350" | W18x40 7 35 40 9.80
Jo-0" W12x19 3 30 19 1.71 300" | W12x19 3 30 19 1.71
W12:x19 6 45 19 0.51 W12x19 6 45 19 0.51
W12x19 2 14 19 0.53 W12x19 2 14 19 0.53
W1Bx31 10 30 3 9.30 W1Bx31 10 30 k) 9.30
194" W12x19 4 19.33 19 1.47] 194" | W12x19 4 19.33 19 1.47]
250" W14x22 9 25 22 4.95 250" | W14x22 9 25 22 4.95
17-6" W10x15 6 175 15 1.58 176" | W10x15 6 175 15 1.58
W12x19 2 175 19 0.67 W12x19 2 175 19 0.67
426" W21x44 1 36 44 1.58 426" | W21x44 1 36 44 1.58
W21x44 1 31.33 44 1.38 W21x44 1 44 44 1.94
380" WH18x35 1 33 35 1.16 380" | W1Bx35 1 33 35 1.16
WH16x26 1 284 26 0.74 W16x26 1 284 26 0.74
W14x22 1 235 22 0.52 W14x22 1 235 22 0.52
244" W16x26 1 24.33 26 0.63 244" | W16x26 1 24.33 26 0.63
W12x22 2 24.33 22 1.07] WH2x22 2 24.33 22 1.07]
W12x16 1 24.33 16 0.39 0 0 0 0 0.00
16-6" W10x15 8 16.5 15 1.98 166" | W10x15 8 16.5 15 1.98
30 W14x26 1 k3| 26 0.81 310" | W14x26 1 3 26 0.81
W16x26 7 k)| 26 5.64 W16x26 6 3 26 4.84
W1bx31 7 31 31 6.73 W1Bx31 7 31 31 6.73
Total Beam Weight per floor {11 typical framing levels)= 64.2 Total Beam Weight Suppprting Level 2= 59.2
Total Beam Weight on Levels 3-Main Roof 707
Gravity Girder Weight (Typical Floor- 3rd Level) Gravity Girder Weight (2nd Level)
Bay Size Quantity Span Unit Weight | Weight Bay Size Quantity Span Unit Weight| Weight
() (Ibit) (Kips) (f) (o) | (Kips)
40-0" W24x76 1 40 76 3.04 286" | W21x50 1 285 50 143
W24x55 1 40 55 220 W21x44 1 28.5 44 1.25
28-6" W21x50 1 28.5 50 143 300" | W21x50 1 30 50 1.50
W21x44 1 28.5 44 0.00 W21x44 1 30 44 1.32
30-0" W21x50 1 30 50 1.50 W16x26 2 30 26 1.56
W21x44 1 30 44 132 W15x40 1 30 40 1.20
W16x26 2 30 26 1.56 W14x22 3 30 22 1.98
W18x40 1 30 40 1.20 W12x19 2 30 22 1.32
W14x22 3 30 22 1.98 W24x55 1 30 55 1.65
W12x19 2 30 22 132 41-0" | W2Tx84 5 1M 84 17.22
W24x55 1 30 55 1.65
41-0" W27x84 5 1M 84 17.22 \W24x58 4 4 68 .15
W24x68 4 1M 68 11.15 200" | W1bx31 3 2 N 223
240" 30-0" | W21x44 2 30 44 2.64
WSt 3 A A 22 35-0" | W2Tx84 1 35 84 2.94
300" W21x44 2 30 44 264 440" | W24x76 1 44 76 3
35-0" W27x84 1 35 84 2.94 Total Girder Weight Supporting Level 2= 52.7
440" W24x76 1 44 76 3
Total Girder Weight per floor {11 typical framing levels)= 56.7]
Total Girder Weight on Levels 3-Main Roof 624




Moment Frame A.1 Beam Weight
Bay Size Quantity Span Unit Weight | Weight
(ft) (Ib/At) (kips)

26-6" W21x48 1 28.5 48 1.37]
W27x129 2 28.5 129 7.35
W27X146 4 285 146 16.64
W2TX161 1 285 161 459
W2TX178 1 28.5 178 5.07]
W27X194 1 28.5 194 5.53
W30x90 2 285 90 513

Total Weight =[ 46
17-6" W16x26 10 17.5 26 4.55
W27x129 8 17.5 129 18.06
W2Tx146 10 17.5 146 25.55
W27x161 8 17.5 161 22.54
W2Tx178 4 17.5 178 12.46
W2Tx194 15 17.5 194 50.93
W30x90 5 17.5 90 7.88

Total Weight =[ 142
250" W27x84 1 25 84 210
W27x129 6 25 129 19.35
W2Tx146 5 25 146 18.25
W2Tx161 5 25 161 20.13
W2Tx178 2 25 178 8.90
W27x194 4 25 194 19.40
W30x90 1 25 90 225

Total Weight = 90
30-0 W21x62 2 30 62 372
W2T7x84 2 30 84 5.04
W27x129 7 30 129 27.09
W2Tx146 15 30 146 65.70
W2Tx161 2 30 161 9.66
W2Tx178 1 30 178 5.34
W2Tx194 3 30 194 17.46
W30x99 4 30 99 11.88

Total Weight = 146

Total Beam Weight in Moment Frame A.1= 424




Moment Frame B Beam Weight

Bay Size CQuantity Span Unit Weight Weight
(ft}) (It} (kips)
286" W21x48 1 285 48 1.37]
W2TxB4 1 285 34 2.39
WaTK129 2 285 129 7.35
W2TK146 3 285 145 12.48
W2TH161 2 285 161 9.18
W2Tx194 2 285 194 11.08
Wa0xE0 1 285 50 257
Total Weight= || 46
35-0" W2Tx84 1 35 34 2.94
W27x129 2 35 129 9.03)
WaTx146 5 s 145 30.65
W2Tx194 1 35 194 579
W30xE0 1 s 50 3.15
W30x99 1 35 99 3.47
Total Weight= 7 58
194 W27x129 3 19.33 129 7.48
WaTx146 4 19.33 145 11.29
W2Tx181 2 19.33 161 522
W2Tx178 1 19.33 178 3.44
W2Tx194 10 19.33 194 37.50
W30x30 z 19.33 50 3.48
W30x99 2 19.33 99 3.83
Total Weight= 7 73
10-8 W2TxB4 2 10.67 34 1.79)
WaTx129 3 10.67 129 413
W2Tx146 4 1067 145 523
W2Tx161 2 10.67 161 3.44
W2Tx194 5 10.67 194 10.35
W30xE0 1 10.67 80 0.96
W30xa9 g9 1067 99 9.51
Total Weight= [ 35
475" W24x104 1 42,5 104 4
Wadx117 b 425 17 10
W24x146 2 425 145 12
W27x129 1 42.5 129 5
W27x146 12 425 145 74
WaTx161 4 425 161 27
W2Tx178 1 425 178 8
W2Tx194 1 42.5 194 8
Total Weight = [ 150
30-0° W2TxB4 2 20 24 3
W2Tx129 z 30 129 8
W2Tx146 4 30 146 18
W2Tx161 1 30 161 5
WaTx178 1 20 194 5
W2Tx194 1 30 194 5
W30x30 1 30 90 3
W30x89 1 30 59 3
Total Weight = 52
Total Beam Weight in Moment Frame B = 414




Moment Frame E Beam Weight
Bay Size Quantity Span Unit Weight | Weight
(ft) (Ibift) (kips)
28-6" W21x55 1 285 55 1.57
W2Txa4d 1 285 a4 238
W2TX129 3 285 129 11.03
W2TXK 146 5 28.5 146 20.81
Wa2Tx161 3 28.5 161 1377
WaTx178 3 28.5 178 15.22
W27x194 4 28.5 194 2212
W3a0x99 2 28.5 99 5.64
Total Beam Weight in Moment Frame E = 93
Moment Frame 1 Beam Weight
Bay Size Quantity Span Unit Weight | Weight
(ft) (Ibt) (kips)
41-0" Wadx104 11 41 104 4580
Wedx131 1 131 131 1716
Total Weight = G4
30-0" W21x55 1 30 55 1.65
WaTx84 11 30 a4 2772
Total Weight = 28
28-6" W27x84 12 28.5 a4 2873
Total Weight = 24
40-0" Wadx104 11 40 104 4576
Total Weight = 46
Total Beam Weight in Moment Frame 1= 168
Moment Frame 1° Beam Weight
Bay Size Cluantity Span Unit Weight | Weight
(ft) (1) (kips)
35-0" W27X34 3 35 a4 g.82
W27x129 7 35 129 31.61
W30x99 2 35 99 6.93
Total Weight = 47
30-0" W2Tx84d 5 30 a4 12 60
WaTx128 14 30 129 5418
W30x90 2 30 a0 5.40
W30x99 3 30 2] 8.1
Total Weight = a1
24-0" W27x84 3 24 24 6.05
W27x129 3 24 129 929
W2Tx146 4 24 146 14.02
W3a0x99 2 24 99 475
Total Weight = 34
Total Beam Weight in Moment Frame 1"'= 163




Moment Frame Column Weight

Size CQuantity Span - 2 tier Unit Weight Weight

[Tty (Ibs/ft) (Kips)
W1dxd3 1 30.00 43 1.29
Wdx183 53 30.00 193 306.87
Widx211 19 30.00 211 120,27
Wdx233 23 30.00 233 180,77
W14x257 54 30.00 257 416.34
W14x2383 10 30.00 233 24.90
Wdx311 45 30.00 311 42518
Wdx342 6 30.00 342 61.58
W14x3T0 2 30.00 370 22.20
W14x500 1 30.00 500 15.00
W14x550 4 30.00 350 55.00
W14xB05 2 30.00 605 35.30
W1dxB55 ] 30.00 665 159.60
W14x730 11 30.00 730 240.50

Total Column Weight in Moment Frames = 2121
Bracing Weight

Size Quantity Span Unit Weight Weight

(Tt (bs/ft) (Kips)
WiEx15 ] 33.54 15 2.52
WiEx28 1 33.54 28 0.94
WiEx31 6 33.54 3 G6.24
WiEx35 1 33.54 35 117
W10x39 2 33.54 39 262
W1lx4s 3 33.54 45 453
W10x49 6 35.25 49 10.35
WOTT 4 33.54 7 10.33
W12x35 1 33.54 35 117
W12x35 1 35.25 35 1.23
W12x53 3 33.54 53 533
W1Zx528 5 33.54 58 973
W12xB5 3 33.54 65 6.54
W12xB5 1 35.25 65 225
WZwr2 1 33.54 T2 2.41
W 28T 2 33.54 87 5.34
W12x06 2 33.54 ] 6.44
W1Zx108 2 33.54 106 7.1
W12x120 4 33.54 120 16.10
W12x138 4 33.54 136 18.25
W12x152 2 33.54 152 10.20
W12x1T0 2 33.54 170 11.40
W12x190 1 33.54 190 6.37
W1Z=210 4 33.54 210 28.17
W12w230 1 33.54 230 7.7T1
W12x252 3 33.54 252 25.35
W1Z=2T9 2 33.54 279 18.72
W12x305 1 33.54 305 10.23
W12x336 23 33.54 336 259.20
W1dx193 7 33.54 193 45.31

Total Bracing Weight = 544

|Total Superstructure Weight= 5713 |
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Detailed Superstructure Cost

GRAVITY BEAMS
Cost Code Item Units | Quantity | Mat'l Unit Cost | Mat'l Cost | Labor Unit Cost | Labor Cost | Equip. Unit Cost | Equip. Cost Span (ft) Total
05 12 23.75 2700 W16x26 LF. 174 §20.50 §3,567.00 $4.50 $783.00 $2.49 $433.26 28.5 $136,323
05 12 23,75 3500 W18x40 LF. 84 §55.00 §4,620.00 $4.07 $341.88 $1.69 $141.96 35 $178,634
300" 0512 23.75 1300 W12x19 * L.F. 36 $26.13 $940.50 $3.07 $110.52 51.70 $61.20 30 533,367
05 12 23,75 1300 W12x19 LF. 72 §26.13 $1,881.36 $3.07 $221.04 $1.70 $122.40 4.5 $10,012
0512 23.75 1300 W12x19 L.F. 24 $26.13 §627.12 $3.07 $73.68 51.70 $40.80 14 510,382
0512 23.75 2900 W16x31 L.F. 120 $42.50 §5,100.00 $3.00 $360.00 $1.66 $199.20 30 $169,776
194" 05 12 23,75 1300 Wi2x19 LF. 48 §26.13 §1,254.24 $3.07 $147.36 $1.70 $81.60 19.33 $28,670
0512 23.75 1300 W14x22* L.F. 108 $30.50 $3,294.00 $3.07 $331.56 51.70 $183.60 25 $95,229
05 12 23,75 0620 W10x15 LF. 72 §20.50 $1,476.00 $4.50 $324.00 $2.49 $179.28 17.5 $34,637
05 12 23.75 1300 W12x19 L.F. 24 $26.13 $627.12 $3.07 $73.68 $1.70 $40.80 17.5 512,978
42'-5" 0512 23.75 4100 W21xdd L.F. 12 $60.50 $726.00 $3.67 $44.04 $1.53 $18.36 36 $28,382
05 12 23.75 4100 W2lx44 LF. 12 §60.50 $726.00 $3.67 $44.04 $1.53 $18.36 31.33 $24,701
38'-0" 0512 23.75 3300 W18x35 L.F. 12 $48.00 §576.00 $4.07 $48.84 51.69 $20.28 33 521,289
05 12 23,75 2700 W16x26 L.F. 12 $36.00 $432.00 $2.07 $24.84 $1.50 $18.00 284 513,485
05 12 23.75 1300 W14x22 LF. 12 §30.50 $366.00 $3.07 $36.84 $1.70 $20.40 23.5 $9,946
244" 05 12 23,75 2700 W16x26 LF. 12 $36.00 $432.00 $2.07 $24.84 $1.50 $18.00 24.33 $11,553
0512 23.75 1300 W12x22 LF. 24 $30.50 §732.00 $3.07 $73.68 51.70 $40.80 24.33 520,595
16'-6" 05 12 23,75 0620 W10x15 L.F. 96 $20.50 $1,968.00 $4.50 $432.00 $2.49 $239.04 16.5 543,544
310" 0512 23.75 2700 W14x26 L.F. 12 $36.00 $432.00 $2.73 $32.76 $1.51 $18.12 31 $14,963
0512 23.75 2700 W16x26 L.F. 72 $36.00 $2,592.00 52.07 $149.04 51.50 $108.00 31 588,320
05 12 23,75 2500 W16x31 L.F. 84 §42.50 §3,570.00 $3.00 $252.00 $1.66 $139.44 31 $122,805
Total Gravity Beam Cost $1,109,598
GRAVITY GIRDERS
Bay Cost Code Item Units | Quantity | Mat'l Unit Cost [ Mat'l Cost | Labor Unit Cost | Labor Cost | Equip. Unit Cost | Equip. Cost Span (ft) Total
400" 05 12 23,75 5500 W24x76 LF. 11 $105.00 $1,155.00 §3.52 $38.72 $1.46 $16.06 40 48,391
05 12 23.75 4900 W24x55 L.F. 11 $75.50 5830.50 $3.52 $38.72 $1.46 $16.06 40 $35,411
28'-6" 0512 23.75 4300 W21x50 L.F. 12 $69.00 $828.00 $3.67 $44.04 $1.52 $18.24 28.5 $25,373
05 12 23.75 4100 W2lxd LF. 12 $60.50 $726.00 $3.67 $44.04 §1.53 $18.36 28.5 §22,463
300" 0512 23.75 4300 W21x50 L.F. 12 $69.00 5828.00 53.67 544,04 §1.52 $18.24 30 $26,708
0512 23.754100 W21xdd L.F. 12 $60.50 $726.00 $3.67 $44.04 $1.53 $18.36 30 $23,652
05 12 23.75 2700 W16x26 L.F. 24 $36.00 $864.00 $2.07 $49.68 $1.50 $36.00 30 $28,490
0512 23.75 3500 W18x40 L.F. 12 $55.00 $660.00 54.07 548.84 $1.69 $20.28 30 §21,874
0512 23.75 1300 Wi14x22* LF. 36 $30.50 $1,098.00 $3.07 §110.52 $1.70 $61.20 30 38,092
0512 23.75 1300 Wi12x19 * L.F. 24 $26.13 $627.00 $3.07 $73.68 $1.70 $40.80 30 §22,244
05 12 23.75 4300 W24x55 LF. 12 $75.50 $906.00 §3.52 §42.24 $1.46 §17.52 30 §28,973
410" 05 12 23.75 5800 W27x84 L.F. 60 $116.00 $6,960.00 $3.28 5$196.80 $1.36 $81.60 41 §296,774
051223.75 5300 W27x68 L.F. 26 $93.50 $2,431.00 $3.52 $91.52 $1.46 $37.96 41 $104,980
240" 05 12 23.75 2900 Wi6x31 LF. 25 $42.50 §1,062.50 $3.00 $75.00 $1.66 $41.50 24 28,296
300" 05 12 23.75 4100 W2lxad LF. 24 $60.50 §1,452.00 $3.67 $88.08 §1.53 $36.72 30 §47,304
35'-0" 0512 23.75 5800 W27x84 L.F. 12 $116.00 $1,392.00 $3.28 $39.36 $1.36 $16.32 35 $50,669
440" 05 12 23,75 5500 W24x76 L.F. 12 $105.00 §1,260.00 $3.52 §42.24 $1.46 $17.52 44 §58,063
Total Gravity Girder Cost $907,770




MOMENT FRAME A.1 BEAMS/GIRDERS

Bay Cost Code ltem Units | Quantity | Mat'l Unit Cost | Mat'l Cost | Labor Unit Cost | Labor Cost | Equip. Unit Cost | Equip. Cost Span (ft) Total
286" 05 12 23.75 4300 W21x48* L.F. 1 $66.00 $66.00 53.67 $3.67 51.52 51.52 28.5 52,029
0512 23,75 5940 W27x129 LF. §177.38 $354.75 §3.39 $6.78 §1.41 $2.82 28.5 $10,384
05 12 23.75 5940 W27X146 L.F. 4 $201.00 $804.00 §3.39 $13.56 §1.41 $5.64 28.5 $23,461
05 12 23.75 5960 W27X161 L.F. 1 $221.00 $221.00 53.39 $3.39 51.41 51.41 28.5 56,435
05 12 23,75 5960 W27X178" LF. 1 §244,75 $244,75 §3.39 $3.39 §1.41 $1.41 28.5 $7,112
05 12 23.75 5960 W2TX194% L.F. 1 $266.75 $266.75 §3.39 $3.39 §1.41 $1.41 28.5 $7,739
0512 23.75 6100 W30x90* L.F. 2 $123.75 $247.50 $3.25 $6.50 $1.35 $2.70 28.5 §7,316
176" 05 12 23.75 2700 W16x26 L.F. 10 $36.00 $360.00 §2.70 $27.00 $1.50 $15.00 17.5 $7,035
0512 23,75 5940 W27x129 LF. 8 §177.38 §1,419.00 §3.39 §27.12 §1.41 $11.28 17.5 $25,505
05 12 23.75 5940 W27X146 L.F. 10 $201.00 $2,010.00 §3.39 $33.90 §1.41 $14.10 17.5 $36,015
05 12 23.75 5960 W27X161 L.F. 8 $221.00 51,768.00 53.39 $27.12 51.41 $11.28 17.5 [ $31,612
05 12 23,75 5960 W27X178 LF. 4 §244.75 $979.00 §3.39 $13.56 §1.41 $5.64 17.5 $17,469
05 12 23.75 5960 W27X194 L.F. 15 $266.75 $4,001.25 §3.39 $50.85 §1.41 $21.15 17.5 $71,282
0512 23.75 6100 W30x30 LF. 5 5123.75 $618.75 53.25 516.25 51.35 $6.75 17.5 511,231
250" 05 12 23,75 5800 W27x84 LF. 1 $116.00 $116.00 §3.28 $3.28 $1.36 $1.36 25 $3,016
05 12 23.75 5940 W27x129 L.F. 6 $177.38 §1,064.25 §3.39 $20.34 §1.41 $8.46 25 $27,326
0512 23.75 5940 W27x146 L.F. 5 5201.00 51,005.00 53.39 516.95 51.41 §7.05 25 525,725
05 12 23,75 5960 W27x161 LF. 5 $42.50 $212.50 $3.00 $15.00 $1.66 $8.30 25 $5,895
05 12 23.75 5960 W27x178 L.F. 2 $244.75 $489.50 §3.39 $6.78 §1.41 $2.82 25 $12,478
05 12 23.75 5960 W27x194 L.F. 4 £266.75 $1,067.00 $3.39 513.56 $1.41 $5.64 25 $27,155
05 12 23.75 6100 W30x90 LF. 1 $123.75 $123.75 §3.25 $3.25 §1.35 $1.35 25 43,209
300" 0512 23,75 4500 W21x62 LF. 2 $85.50 $171.00 §3.77 §7.54 §1.56 §3.12 30 $5,450
05 12 23.75 5800 W2Tx84 L.F. 2 $116.00 $232.00 §3.28 $6.56 $1.36 $2.72 30 $7,238
05 12 23.75 5940 W27x129 L.F. 7 $177.38 51,241.63 53.39 $23.73 51.41 $9.87 30 438,257
0512 23,75 5940 W27x146 LF. 15 §201.00 §3,015.00 §3.39 $50.85 §1.41 $21.15 30 $92,610
05 12 23.75 5960 W2Tx161 L.F. 2 $221.00 $442.00 §3.39 $6.78 §1.41 $2.82 30 $13,548
05 12 23.75 5960 W27x178 L.F. 1 5244.75 5244.75 53.39 $3.39 51.41 51.41 30 57,487
05 12 23,75 5960 W27x194 LF. 3 $266.75 $800.25 §3.39 $10.17 §1.41 $4.23 30 $24,440
05 12 23.75 6100 W30x39 L.F. 4 $136.00 $544.00 §3.25 $13.00 §1.35 $5.40 30 516,872
Total Moment Frame A.1 Beam/Girder Cost 4$575,329




MOMENT FRAME B BEAMS/GIRDERS

Bay Cost Code ltem Units |Quantity[Mat'l Unit Cosf) Mat'l Cost [Labor Unit Cosflabor Cost|Equip. Unit CosfjEquip. Cost| Span (ft) Total
285" 05 12 23.75 4300 W21x45* L.F. 1 566.00 566.00 53.67 53.67 5152 5152 285 52,029
05 12 23.75 5800 W2TxB4 L.F. 1 5116.00 5116.00 $3.28 $3.28 5136 51.36 285 53,438
05 12 23.75 5940 W2Tx1258* L.F. 2 $5177.38 535475 $3.39 56.78 5141 52.82 285 510,384
05 12 23.75 5940 W2TK 145 L.F. 3 $201.00 5603.00 $3.39 51017 5141 54.23 285 r 517,596
05 12 23.75 5960 W2TX181 L.F. 2 $221.00 $442.00 $3.39 5678 5141 52.82 285 512,871
05 12 23.75 5960 W2TK 194 L.F. 2 5266.75 $533.50 $3.39 56.78 5141 52.82 285 515,478
05 12 23.75 6100 W3lx50* L.F. 1 $123.75 $123.75 $3.25 $3.25 51.35 51.35 28.5 53,658
35-07 05 12 23.75 5800 W2TxB4 L.F. 1 5116.00 5116.00 $3.28 $3.28 5136 51.36 35 54,222
05 12 23.75 5940 W2Tx129 L.F. 2 5177.38 5354.75 53.39 56.78 5141 52.82 35 512,752
05 12 23.75 5940 W2Tx145 L.F. ] 5201.00 $1,206.00 $3.39 520.34 5141 58.46 35 543,218
05 12 23.75 5960 W2Tx194 L.F. 1 5266.75 5266.75 $3.39 $3.39 5141 51.41 35 r 59,504
05 12 23.75 6100 W30x50 L.F. 1 512375 512375 53.25 53.25 51.35 51.35 35 54,492
05 12 23.75 6100 W30x55 L.F. 1 $136.00 $136.00 $3.39 $3.39 51.35 51.35 35 54,926
15-4" 05 12 23.75 5940 W2Tx129 L.F. 3 $5177.38 $532.13 $3.39 51017 5141 54.23 19.33 510,564
05 12 23.75 5940 W2Tx145 L.F. 4 $201.00 5804.00 $3.39 513.56 5141 55.64 19.33 515,912
05 12 23.75 5960 W2Tx161 L.F. 2 $221.00 5442.00 $3.39 56.78 5141 52.82 19.33 58,729
05 12 23.75 5960 W2THKATE* L.F. 1 524475 524475 $3.39 $3.39 5141 51.41 19.33 54,824
05 12 23.75 5960 W27x194 LF. 10 5266.75 $2,667.50 53.39 533.90 5141 514.10 19.33 552,491
05 12 23.75 6100 W30x50 L.F. 2 512375 $247.50 53.25 $6.50 51.35 $2.70 19.33 54,962
05 12 23.75 6100 W30x55 L.F. 2 $136.00 $272.00 $3.39 56.78 51.35 $2.70 19.33 55,441
10°-8" 05 12 23.75 5800 W2TxB4 L.F. 2 5116.00 $232.00 $3.28 56.56 5136 5272 10.67 52,574
0512 23.75 5940 W2Tx129 L.F. 3 5177.38 $532.13 $3.39 51017 5141 54.23 10.67 55,831
05 12 23.75 5940 W2Tx145 L.F. 4 $201.00 5804.00 $3.39 513.56 5141 55.64 10.67 58,784
05 12 23.75 5960 W2Tx161 L.F. 2 $221.00 5442.00 $3.39 56.78 5141 52.82 10.67 54,819
05 12 23.75 5960 W2Tx194 L.F. 5 5266.75 51,333.75 $3.39 516.95 5141 57.05 10.67 514,487
05 12 23.75 6100 W3lx50 L.F. 1 512375 512375 $3.25 53.25 51.35 51.35 10.67 51,369
05 12 23.75 6100 W30x55 L.F. 9 5136.00 $1,224.00 $3.39 $30.51 51.35 512.15 10.67 513,515
425" 05 12 23.75 5740 W2dx104 L.F. 1 5143.00 5143.00 5372 5372 51.54 51.54 425 56,301
05 12 23.75 5760 W2 117 L.F. 2 5161.00 $322.00 5372 57.44 51.54 53.08 425 514,132
05 12 23.75 5780 W24x145 L.F. 2 $201.00 $5402.00 5372 57.44 51.54 $3.08 425 517,532
05 12 23.75 5940 W2Tx129 L.F. 1 $5177.38 5177.38 $3.39 $3.39 5141 51.41 425 57,742
05 12 23.75 5940 W2Tx145 L.F. 12 5201.00 $2,412.00 $3.39 540.68 5141 516.92 425 5104,958
05 12 23.75 5960 W2Tx161 L.F. 4 $221.00 58B4.00 $3.39 513.56 5141 55.64 425 538,386
05 12 23.75 5960 W2Tx178 L.F. 1 524475 524475 $3.39 $3.39 5141 51.41 425 510,606
05 12 23.75 5960 W2Tx194 L.F. 1 5266.75 5266.75 53.39 53.39 5141 5141 425 511,541
30-07 05 12 23.75 5800 W2TxB4 L.F. 2 5116.00 $232.00 $3.28 56.56 5136 5272 30 57,238
05 12 23.75 5940 W2Tx129 L.F. 2 $5177.38 535475 $3.39 56.78 5141 52.82 30 510,931
05 12 23.75 5940 W2Tx145 L.F. 4 $201.00 5804.00 $3.39 513.56 5141 55.64 30 524,696
05 12 23.75 5960 W2Tx161 L.F. 1 $221.00 $221.00 $3.39 $3.39 5141 5141 30 56,774
05 12 23.75 5960 W2Tx178 L.F. 1 524475 524475 $3.39 $3.39 5141 51.41 30 57,487
05 12 23.75 5960 W2Tx194 L.F. 1 5266.75 5266.75 $3.39 $3.39 5141 51.41 30 58,147
05 12 23.75 6100 W30x50 L.F. 1 512375 512375 53.25 53.25 51.35 51.35 30 53,851
05 12 23.75 6100 W30x55 L.F. 1 5136.00 5136.00 53.39 53.39 51.35 51.35 30 54,222
Total Frame B Beam/Girder Cost $583.416




MOMENT FRAME C BEAMS/GIRDERS.

Bay Cost Code Item Units |Quantity[Mat'l Unit Cost] Mat'l Cost [Labor Unit Cosf)Labor Cost|Equip. Unit Cost{Equip. Cost| Span [ft) Total
286" 05 12 23.75 4300 W21x45* LF. 1 $66.00 $66.00 $3.67 $3.67 $1.52 $1.52 28.5 $2,029
05 12 23.75 5940 W2Tx128* LF. 2 $177.38 $354.75 $3.39 $6.78 $141 s2.82 285 $10,384
05 12 23.75 5940 W2TX146 LF. 3 $201.00 $603.00 $3.39 §10.17 S141 5423 285 [ 517,596
05 12 23.75 5960 W27X181 LF. 1 $221.00 $221.00 $3.39 $3.39 $141 $141 285 $6,435
05 12 23.75 5960 W2TH178* LF. 1 $24475 $24475 $3.39 $3.39 $141 $141 285 §7,112
05 12 23.75 5960 W2TH194* LF. 2 $266.75 $533.50 $3.39 $6.78 $141 s2.82 285 $15,478
05 12 23.75 6100 W30x80* LF. 1 $123.75 $123.75 $3.25 $3.25 $1.35 $1.35 285 $3,658
05 12 23.75 6100 W30x59 LF. 1 $136.00 $136.00 $3.25 $3.25 $1.35 $1.35 285 $4,007
35407 05 12 23.75 5800 W2Tx84 LF. 1 $116.00 $116.00 $3.28 $3.28 $1.36 $1.36 35 54,222
05 12 23.75 5840 W27x128 LF. 3 $177.38 $532.13 $3.38 $10.17 5141 $4.23 35 518,128
05 12 23.75 5940 W27x145 LF. 5 $201.00 $1,005.00 $3.39 $16.95 $141 $7.05 35 $36,015
05 12 23.75 5960 W27x161 LF. 1 $221.00 $221.00 $3.39 $3.39 $1.41 $1.41 35 [ 57,903
05 12 23.75 5960 W27x194 LF. 1 $266.75 $266.75 $3.39 $3.39 s$141 $141 35 $8,504
05 12 23.75 6100 W30x80 LF. 1 $123.75 $123.75 $3.25 $3.25 $1.35 $1.35 35 $4,492
194" 05 12 23.75 5800 W2Tx84 LF. 1 $116.00 $116.00 $3.28 $3.28 $1.36 $1.36 19.33 $2,332
05 12 23.75 5940 W27x129 LF. 3 $177.38 $532.13 $3.39 $10.17 $1.41 $4.23 19.33 $10,564
05 12 23.75 5940 W27x145 LF. 6 $201.00 $1,206.00 $3.39 $20.34 $141 $8.46 19.33 $23,869
05 12 23.75 5960 W27x181 LF. 2 $221.00 $442.00 $3.39 $6.78 $141 s2.82 19.33 58,729
05 12 23.75 5960 W2TX178 LF. 2 $24475 $489.50 $3.39 $6.78 $141 s2.82 19.33 $9,648
05 12 23.75 5960 W27x194 LF. 7 $266.75 $1,867.25 $3.39 $23.73 $141 $9.87 19.33 $36,743
05 12 23.75 6100 W30x80 LF. 1 $123.75 $123.75 $3.25 $3.25 $1.35 $1.35 19.33 $2,481
05 12 23.75 6100 W30x58 LF. 2 $136.00 $272.00 $3.39 $6.78 $1.35 $2.70 19.33 $5,441
10-8" 05 12 23.75 5800 W27x84 LF 2 $116.00 $232.00 $3.28 $6.56 5136 5272 10.67 52,574
05 12 23.75 5940 W27x129 LF. 2 $177.38 $354.75 $3.39 $6.78 $141 s2.82 10.67 $3,888
05 12 23.75 5840 W27x148 LF. 3 $201.00 $603.00 $3.39 $10.17 $1.41 $4.23 10.67 $6,588
05 12 23.75 5960 W27x181 LF. 1 $221.00 $221.00 $3.39 $3.39 $141 $141 10.67 $2,409
05 12 23.75 5960 W27x184 LF. 12 $266.75 $3,201.00 $3.39 $40.68 141 $16.92 10.67 $34,769
05 12 23.75 6100 W30x80 LF. 2 $123.75 $247.50 $3.25 $6.50 $1.35 s$2.70 10.67 $2,739
05 12 23.75 6100 W30x58 LF. 4 $136.00 $544.00 $3.39 $13.56 $1.35 $5.40 10.67 $6,007
428" 05 12 23.75 5760 W24x117 LF. 2 $161.00 $322.00 $3.72 §7.44 $1.54 $3.08 425 $14,132
05 12 23.75 5780 W24x131* LF. 1 $180.13 $180.13 $3.72 5372 5154 §1.54 425 57,879
05 12 23.75 5780 W24x145 LF. 3 $201.00 $603.00 $3.72 $11.16 $1.54 $4.62 425 $26,298
05 12 23.75 5940 W27x145 LF. 5 $201.00 $1,005.00 $3.39 $16.95 $141 §7.05 425 543,733
05 12 23.75 5960 W27x194 LF. 1 $266.75 $266.75 $3.39 $3.39 $141 $1.41 425 $11,541
300" 05 12 23.75 5800 W2Tx84 LF. 2 $116.00 $232.00 $3.28 $6.56 $1.36 $272 30 $7,238
05 12 23.75 5940 W27x129 LF. 2 $177.38 $354.75 $3.39 $6.78 $141 s2.82 30 $10,931
05 12 23.75 5940 W27x145 LF. 4 $201.00 $B04.00 $3.39 $13.56 $141 $5.64 30 524,696
05 12 23.75 5860 W27x161 LF 2 $221.00 5442 00 $3.39 $6.78 5141 52.82 30 513,548
05 12 23.75 5960 W27x194 LF. 2 $266.75 $533.50 $3.39 $6.78 s$141 s2.82 30 $16,293
05 12 23.75 6100 W30x59 LF. 1 $136.00 $136.00 $3.39 $3.39 $1.35 $1.35 30 54,222
Total Frame C Beam/Girder Cost $487,257
MOMENT FRAME E BEAMS/GIRDERS
Bay Cost Code Item Units | Quantity | Mat'l Unit Cost | Mat'l Cost | Labor Unit Cost | Labor Cost | Equip. Unit Cost | Equip. Cost Span (ft) Total
286" 05 12 23.75 3900 W21x55% LF. 1 $75.50 $75.50 $4.28 54.28 51.77 5177 28.5 52,324
05 12 23.75 5800 W27x84 LF. 1 $116.00 $116.00 43.28 $3.28 $1.36 $1.36 28.5 §3,438
05 12 23.75 5940 W2Tx129* LF. 3 $177.38 $532.13 $3.39 $10.17 51.41 54.23 28.5 515,576
05 12 23.75 5940 W27X146 L.F. 5 $201.00 $1,005.00 $3.39 $16.95 $1.41 $7.05 28.5 [ $29,327
05 12 23.75 5960 W27X161 LF. 3 $221.00 $663.00 $3.39 $10.17 $1.41 $4.23 28.5 $19,306
05 12 23.75 5960 W27X178* LF. 3 $244.75 $734.25 $3.39 $10.17 51.41 54.23 28.5 $21,337
05 12 23.75 5960 W27X194% LF. 4 $266.75 $1,067.00 $3.39 $13.56 $1.41 45.64 28.5 430,957
05 12 23.75 6100 W30x99 L.F. 2 $136.00 $272.00 $3.25 $6.50 51.35 52.70 28.5 58,014
Total Moment Frame E Beam/Girder Cost $130,278
MOMENT FRAME 1 BEAMS/GIRDERS
Bay Cost Code Item Units | Quantity | Mat'l Unit Cost | Mat'l Cost | Labor Unit Cost | Labor Cost | Equip. Unit Cost | Equip. Cost Span (ft) Total
410" 05 12 23.75 5740 W245104 L.F. 11 $143.00 $1,573.00 43.72 $40.92 $1.54 $16.94 41 466,865
05 12 23.75 5780 W24x131* LF. 1 $180.13 $180.13 $3.72 $3.72 51.54 51.54 41 57,601
300" 05 12 23.75 3900 W21x65* L.F. 1 $75.50 $75.50 $4.28 $4.28 S1L.77 $L.77 30 §2,447
05 12 23.75 5800 W27x84 LF. 11 $116.00 $1,276.00 $3.28 $36.08 51.36 $14.96 30 $39,811
286" 05 12 23.75 5800 W2Tx84 L.F. 12 $116.00 $1,392.00 $3.28 $39.36 $1.36 $16.32 28.5 $41,258
400" 05 12 23.75 5740 W245104 LF. 11 $143.00 $1,573.00 $3.72 $40.92 51.54 $16.94 40 465,234
Total Gravity Girder Cost $223,217
MOMENT FRAME 1' BEAMS/GIRDERS
Bay Cost Code Item Units | Quantity | Mat'l Unit Cost | Mat'l Cost | Labor Unit Cost | Labor Cost | Equip. Unit Cost | Equip. Cost Span (ft) Total
35-0" 05 12 23.75 5800 W2Tx84 L.F. 3 $116.00 $348.00 $3.28 $9.84 $1.36 $4.08 35 $12,667
05 12 23.75 5940 W27x129* LF. 7 $177.38 $1,241.63 $3.39 $23.73 $1.41 $9.87 35 444,633
05 12 23.75 6100 W30x99 LF. 2 $136.00 $272.00 $3.39 $6.78 51.35 $2.70 35 59,852
300" 05 12 23.75 5800 W27x84 L.F. 5 $116.00 $580.00 43.28 $16.40 $1.36 $6.80 30 $18,096
05 12 23.75 5940 W27x129 LF. 14 $177.38 $2,483.25 $3.39 547.46 51.41 $19.74 30 576,514
05 12 23.75 6100 W30x90* L.F. 2 $123.75 $247.50 $3.25 $6.50 $§1.35 $2.70 30 §7,701
05 12 23.75 6100 W30x99 LF. 3 $136.00 $403.00 $3.25 $9.75 $1.35 $4.05 30 $12,654
240" 05 12 23.75 5800 W27x84 LF. 3 $116.00 $343.00 $3.28 $9.84 51.36 54.08 24 58,686
05 12 23.75 5940 W27x129 LF. 3 $177.38 $532.13 $3.39 $10.17 $1.41 $4.23 24 $13,117
05 12 23.75 5940 W27x146 LF. 4 $201.00 $204.00 $3.39 $13.56 51.41 $5.64 24 $19,757
05 12 23.75 6100 W30x398 L.F. 2 $136.00 $272.00 $3.25 $6.50 $1.35 $2.70 24 $6,749
Total Gravity Girder Cost 4$230,425




GRAVITY COLUMNS

Cost Code Item Units | Quantity | Mat'l Unit Cost | Mat'l Cost | Labor Unit Cost | Labor Cost [ Equip. Unit Cost | Equip. Cost Span (ft) Total
0512 23,75 2320 W14x43 LF. 23 $59.00 $1,357.00 $3.34 §76.82 $1.85 $42.55 30 §44,291
0512 23,17 7350 W14x48* LF. 4 $66.00 $264.00 $2.75 $11.00 §1.52 $6.08 30 8,432
0512 23,75 2340 W14x53 LF. 5 §73.00 $365.00 $3.38 $16.90 $1.87 $9.35 30 §11,738
0512 23,17 7350 W14xB1* LF. 16 $83.88 $1,342.00 $2.75 $44.00 $1.52 §24.32 30 §42,310
0512 23,17 7350 W14x58* LF. 6 $93.50 $561.00 $2.75 $16.50 §1.52 $9.12 30 §17,599
0512 23,17 7350 WH4x74 LF. 2 $102.00 $204.00 $2.75 $5.50 $1.52 $3.04 30 6,376
05 12 23,17 7400 W14xB2* LF. 5 §112.75 $563.75 $2.82 $14.10 $1.56 $7.80 30 §17,570
0512 23,75 2380 W14x90 LF. 8 $124.00 $932.00 $3.65 §29.20 $2.02 $16.16 30 §31,121
0512 23.75 6100 W14x99 L.F. 4 $136.00 $544.00 $3.25 $13.00 $1.35 $5.40 30 $16,872
05 12 23.17 7400 W14x109% L.F. 4 $149.88 $599.50 $2.82 §11.28 $1.56 $6.24 30 $18,511
05 12 23.17 7400 W14x120 L.F. 2 $165.00 $330.00 $2.82 $5.64 $1.56 $3.12 30 $10,163
0512 23.17 7450 W1dx132* L.F. 4 $181.50 $726.00 52.96 $11.84 51.64 $6.56 30 $22,332
0512 23.17 7450 W1dx145* L.F. 3 $199.38 $598.13 52.96 58.88 §1.64 54.92 30 $18,358
0512 23.17 7450 W1dx159* L.F. 2 $218.63 5437.25 52.96 §5.92 §1.64 53.28 30 $13,394
0512 23.17 7450 W14x193* L.F. 1 $265.38 $265.38 52.96 52.96 §1.64 51.64 30 $8,099

Total Gravity Column Cost ~ $287,164
MOMENT FRAME COLUMNS

Cost Code Item Units | Quantity | Mat'l Unit Cost | Mat'l Cost | Labor Unit Cost | Labor Cost [ Equip. Unit Cost | Equip. Cost | Span (ft) | Total
0512 23,17 7350 W43+ LF. 1 $59.13 $59.13 $2.75 $2.75 §1.52 §1.52 30 $1,902
05 12 23,17 7450 W14x193* LF. 53 $265.38 $14,065 $2.96 $156.88 $1.64 $86.92 30 $429,260
05 12 23,17 7450 W14x211* LF. 19 $290.13 $5,512.38 $2.96 §56.24 $1.64 $31.16 30 $167,993
05 12 23,17 7450 W14x233% LF. 23 §320.38 $7,368.63 $2.96 $68.08 $1.64 §37.72 30 $224,233
05 12 23,17 7450 W14x257% LF. 54 §353.38 $13,082 $2.96 §159.84 $1.64 $88.56 30 $579,920
05 12 23,17 7450 W14x283% LF. 10 $389.13 $3,891.25 $2.96 §29.60 $1.64 $16.40 30 $118,118
05 12 23,17 7450 W14x311* LF. 48 §427.63 $19,671 $2.96 $136.16 $1.64 §75.44 30 $596,471
05 12 23,17 7450 W14x3427 LF. 6 §470.25 $2,821.50 $2.96 §17.76 $1.64 $9.84 30 85,473
0512 23,17 7450 W14x370% LF. 2 §508.75 $1,017.50 $2.96 $5.92 $1.64 $3.28 30 $30,801
0512 23.17 7450 W14x500% L.F. 1 $687.50 $687.50 $2.96 $2.96 $1.64 $1.64 30 $20,763
0512 23.17 7450 W14x550% L.F. 4 §756.25 $3,025.00 $2.96 §11.84 $1.64 $6.56 30 $91,302
0512 23.17 7450 W14xB05% L.F. 2 §831.88 $1,663.75 $2.96 $5.92 $1.64 $3.28 30 50,189
0512 23.17 7450 W14xB665* L.F. 8 $914.38 £7,315.00 52.96 $23.68 §1.64 $13.12 30 $220,554
0512 23.17 7450 W14x730* L.F. 11 $1,003.75 511,041 52.96 $32.56 §1.64 518.04 30 5332,756

Total Moment Frame Column Cost $2,350,577
BRACES

Cost Code ltem Units | Quantity | Mat'l Unit Cost | Mat'l Cost ‘ Labor Unit Cost | Labor Cost | Equip. Unit Cost | Equip. Cost Span (ft) Total
0512 23.75 0120 WEx15 L.F. 5 $20.50 $102.50 54.50 $22.50 52.49 §12.45 33.54 54,610
0512 23.75 0370 W8x28 L.F. 1 $38.50 539 54.91 54.91 52.72 52.72 33.54 51,547
0512 23.75 0500 W31 L.F. 6 $42.50 $255.00 §4.91 $29.46 §2.72 §16.32 33.54 510,088
0512 23.750520 WEx35 L.F. 1 $48.00 $48.00 $4.91 $4.91 §2.72 §2.72 33.54 $1,866
05 12 23,75 0900 WH10x39* L.F. 2 $53.63 $107 $4.91 $9.82 §2.72 $5.44 33.54 $4,109
05 12 23,75 0900 WH0x45* L.F. 3 $61.88 $185.63 $4.91 $14.73 $2.72 $8.16 33.54 $6,994
05 12 23,75 0900 W10x49 L.F. 6 $67.50 $405 $4.91 $29.46 §2.72 $16.32 35.25 $15,890
05 12 23,75 0900 WH0x77* L.F. 4 $105.88 §423.50 $4.91 $19.64 $2.72 $10.88 33.54 §15,228
0512 23,75 1520 WA12x35 L.F. 1 $48.00 $48.00 $3.34 $3.34 $1.85 $1.85 33.54 $1,784
0512 23,75 1520 WA12x35 L.F. 1 $48.00 $48.00 $3.34 $3.34 $1.85 $1.85 35.25 $1,875
0512 23,75 2340 W12x63 L.F. 3 $73.00 §219.00 $3.38 $10.14 $1.87 $5.61 33.54 $7,874
0512 23,75 1580 W12x58 L.F. 5 $80.00 $400.00 $3.60 $18.00 $2.00 $10.00 33.54 $14,355
0512 23.75 3920 WW12x65 L.F. 3 $89.50 $268.50 S4.34 $13.02 $1.80 $5.40 33.54 $9,623
0512 23.75 3920 WW12x65 L.F. 1 $89.50 $30 S4.34 $4.34 $1.80 $1.80 35.25 $3,371
0512 23.75 1700 W12x72 L.F. 1 $99.00 $99.00 $4.22 $4.22 §2.34 §2.34 33.54 $3,540
0512 23.75 1740 W12x87 L.F. 2 $120.00 $240.00 54.22 58.44 52.34 $4.68 33.54 58,490
0512 23.75 1740 W12x96* L.F. 2 $132.00 $264.00 54.22 58.44 §2.34 $4.68 33.54 59,295
0512 23.75 3980 W12x106 L.F. 2 $60.50 $121.00 53.67 §7.34 §1.52 $3.04 33.54 54,406
0512 23.75 2500 W12x120 L.F. 4 5165.00 $660.00 53.75 $15.00 52.08 $8.32 33.54 522,919
0512 23.75 1740 W12x136* L.F. 4 $187.00 $748.00 54.22 $16.88 §2.34 $9.36 33.54 525,968
0512 23.75 1740 WH12x152* L.F. 2 $209.00 $418.00 54.22 58.44 52.34 $4.68 33.54 514,460
05 12 23,75 7600 W12x170 L.F. 2 §234.00 $468.00 $3.39 $6.78 $1.41 §2.82 33.54 $16,019
051223.75 1740 WH12x190* L.F. 1 §261.25 §261.25 $4.22 $4.22 $2.34 §2.34 33.54 $8,982
051223.75 1740 WH12x210% L.F. 4 §288.75 $1,155.00 $4.22 $16.83 $2.34 $9.36 33.54 $39,619
051223.75 1740 WH12x230% L.F. 1 §316.25 §316.25 $4.22 $4.22 $2.34 §2.34 33.54 $10,827
0512 23,75 1740 WH12x252% L.F. 3 §346.50 $1,033.50 $4.22 $12.66 $2.34 §7.02 33.54 $35,525
0512 23,75 1740 WH12x279* L.F. 2 §383.63 §767.25 $4.22 $8.44 $2.34 §4.68 33.54 $26,174
0512 23,75 1740 WH12x305% L.F. 1 §419.38 §419.38 $4.22 $4.22 $2.34 §2.34 33.54 $14,286
0512 23,75 1740 WH12x336~ L.F. 23 §462.00 $10,626 $4.22 $97.06 $2.34 $53.82 33.54 $361,457
05 12 23.75 2500 W14x193~ L.F. 7 §265.38 $1,857.63 $3.75 $26.25 $2.08 $14.56 33.54 $63,674

Total Brace Cost 4764,853

*_the section was unavailable in the RS means, therefore the next higher section was used as a reference. To find the material cost, the sections unit weight was multiplied by $1.375/1b




COLUMN BASE PLATE CONNECTIONS

Cost Code Item Units | Quantity | Mat'l Unit Cost | Mat'l Cost | Labor Unit Cost | Labor Cost ‘ Equip. Unit Cost | Equip. Cost ‘ Area [ﬂz] | Total
0512 23.65 0500 1"x20" plate™ 5.F. 55 $51.00 $2,805.00 - - - - 0.139 $389.58)
05 05 23.25 1380 AA90-7/8" @ bolt** Ea. 220 $16.35 $3,597.00 $4.39 $965.80 - - - $4,562.80|

| Total Column Base Plate Connections 44,952
** Dasign assumption
COLUMN SPLICE CONNECTIONS

Cost Code Item Units | Quantity | Mat'l Unit Cost | Mat'l Cost | Labor Unit Cost | Labor Cost ‘ Equip. Unit Cost | Equip. Cost ‘ Area (ftY) | Total
0512 23.65 0450 3/4"x12" plate™ 5.F. 550 $38.50 $21,175.00 - - - - 0.0625 $1,323.44]
05 05 23.25 1380 AA90-T/8" @ bolt*= Ea. 6600 $16.35 $107,910.00 £4.39 $28,974.00 - - - $136,884.00]

| Total Column Splice Connections $138,207
** Design assumption
Braced Frame Connections

Cost Code Item Units | Quantity | Mat'l Unit Cost | Mat'l Cost | Labor Unit Cost | Labor Cost | Equip. Unit Cost | Equip. Cost | Area (i) Total
0512 23.65 0300 3/8"x6"plate S.F. 132 $19.15 §2,527.80 - - - - 0.0156 339
0505 23.25 0220 A325-7/8" @ bolt x 3" long Ea. 792 $3.20 $2,534 $3.43 52,717 - - - 85,251

Cost Code Item Units | Quantity | Mat'l Unit Cost | Mat'l Cost | Labor Unit Cost | Labor Cost | Equip. Unit Cost | Equip. Cost | Weight {Ib) Total
0512 23.40 0400 LAx4x1/4 angle Lb. 5730 $0.73 $4,182.90 $2.73 $15,643 $0.28 $1,604.40 6.6 $141,439

Cost Code Item Units | Quantity | Mat'l Unit Cost | Mat'l Cost | Labor Unit Cost | Labor Cost | Equip. Unit Cost | Equip. Cost |  Length (ft) Total
05 05 21.590 1500 1/4" thick weld L.F. 132 £0.63 583 $8.20 51,082 $2.43 $320.76 0.708 $1,053

Total Skewed Shear Cost $147,783
ORTHOGONAL SHEAR CONNECTIONS

Cost Code Item Units | Quantity | Mat'l Unit Cost | Mat'l Cost | Labor Unit Cost | Labor Cost ‘ Equip. Unit Cost | Equip. Cost ‘ Weight (Ib) | Total
05 12 23.40 0400 Ldxdx1f4 angle Lb. 5730 $0.73 $4,182.90 $2.73 $15,643 $0.28 $1,604.40 6.6 $141,439
05 05 23.25 0220 A325-3/4" @ bolt Ea. 17180 $3.20 $55,008 $3.43 $58,962 - - - $113,970

[ Total Orthogonal Shear Cost $255,409
SKEWED SHEAR CONNECTIONS

Cost Code Item Units | Quantity | Mat'l Unit Cost | Mat'l Cost | Labor Unit Cost | Labor Cost | Equip. Unit Cost | Equip. Cost Area (ftz] Total
05 12 23.65 0300 3/8"x6"plate 5.F. 132 $19.15 $2,527.80 - - - - 0.0156 $39
0505 23.25 0220 A325-3/4" O bolt x 3" long Ea. 792 $3.20 52,534 $3.43 52,717 - - - $5,251

Cost Code Item Units | Quantity | Mat'l Unit Cost | Mat'l Cost | Labor Unit Cost | Labor Cost | Equip. Unit Cost | Equip. Cost | Length (ft) Total
05 05 21.90 1500 1/4" thick weld L.F. 132 $0.63 583 $8.20 51,082 $2.43 $320.76 0.708 $1,053
05 05 21.50 1800 3/8" thick weld L.F. 132 $1.05 $139 $13.70 51,808 £4.05 $534.60 0.708 $1,758

Total Skewed Shear Cost $8,101
MOMENT CONNECTIONS

Cost Code Item Units | Quantity | Mat'l Unit Cost | Mat'l Cost | Labor Unit Cost | Labor Cost | Equip. Unit Cost | Equip. Cost Area (ft)) Total
0512 23.65 0450 34"x12"plate S.F. 1980 $38.50 $76,230.00 - - - - 0.0625 34,764
0512 23.65 0300 3/8"x4 " "plate S.F. 990 $19.15 $18,958.50 - - - - 0.0104 $197
0505 23.25 0365 A325-7/8" @ bolt x 3"long Ea. 26730 $4.41 $117,879 $3.59 $95,961 - - - $213,840

Cost Code Item Units | Quantity | Mat'l Unit Cost | Mat'l Cost | Labor Unit Cost | Labor Cost | Equip. Unit Cost | Equip. Cost | Length (ft) Total
05 05 21.50 1500 1/4" thick weld LF. 1980 $0.63 51,247 $8.20 $16,236 $2.43 $4,811.40 0.750 516,721

Total Moment Connection Cost 4$235,523
STEEL FLOOR DECK

Cost Code Item Units | Quantity | Mat'l Unit Cost | Mat'l Cost | Labor Unit Cost | Labor Cost ‘ Equip. Unit Cost | Equip. Cost | Area (ft?) | Total

05 31 13.50 5800 3" deep, 20 gauge S.F. 1 52.01 52.01 50.53 50.53 50.04 50.04 381965 5985,470
| Total Steel Floor Deck Cost 5985,470
SHEAR STUDS
Cost Code Item Units | Quantity | Mat'l Unit Cost | Mat'l Cost | Labor Unit Cost | Labor Cost ‘ Equip. Unit Cost | Equip. Cost - | Total
05 05 23.85 0900 14" diameter stud, 6" long  Ea. 25296 50.77 $19,477.92 $0.89 $22,513 50.43 $10,877.28 - 552,869
Total Shear Stud Cost 452,869
SPRAYED CEMENTITIOUS FIREPROOFING
Cost Code Item Units | Quantity | Mat'l Unit Cost | Mat'l Cost | Labor Unit Cost | Labor Cost | Equip. Unit Cost | Equip. Cost Area (ft) Total
flat decking, beams
07 81 16.10 0700 and columns S.F. 1 50.59 50.59 50.81 50.81 50.12 $0.12 381965 $580,587
Total Fireproofing Cost 4$580,587




SHEAR STUDS
Cost Code Item Units | Quantity | Mat'l Unit Cost | Mat'l Cost | Labor Unit Cost | Labor Cost | Equip. Unit Cost | Equip. Cost - | Total
0505 23.85 0800 /14" diameter stud, 6" long  Ea. 25296 50.77 $19,477.92 $0.89 $22,513 $0.43 $10,877.28 - $52,869
Total Shear Stud Cost 552,869
SPRAYED CEMENTITIOUS FIREPROOFING
Cost Code Item Units | Quantity | Mat'l Unit Cost | Mat'l Cost | Labor Unit Cost | Labor Cost | Equip. Unit Cost | Equip. Cost Area [ft}) Total
flat decking, beams
0781 16.10 0700 and columns S.F. 1 50.59 50.59 $0.81 $0.81 $0.12 $0.12 381965 $580,587
Total Fireproofing Cost $580,587
ELEVATED SLABS
Cost Code Item ‘ Units ‘ Quantity | Mat'l Unit Cost | Mat'l Cost | Labor Unit Cost | Labor Cost | Equip. Unit Cost | Equip. Cost ‘ Volume [y} | Total
03 3105.25 0300 Normal w. concrete CY. 1 $102.00 $102.00 - - - - 141469 | $1,457,126
ready mix, 4000 psi
033105701500  clevated slab. B10thick 1 - - $15.10 $15.10 $4.82 $4.82 141469 | $281,805
pumped with crane
033105.70 high rise, for more than
& stories, pumped, add per  C.Y. 1 - - $1.15 $1.15 $0.37 $0.37 14146.9 $21,503
story
Total Elevated Slab Cost 51,760,424
SYSTEM COST
B-450G $400,000
Building Foundations
$725,000

(footings & strap
beams)

Lower level (B4 to

1st fir} foundation walls

Columns and elevated
decks (B4 to 1st flr)
Misc. subcontractor

costs (submittals, gen.

conditions, tower crane,

etc.)

Note: Refer to final report for total superstructure cost

$1,200,000.00

$3,140,000.00

$250,000.00
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Lighting Analysis

PENTRON® T5 FLUDRESCENT LAMPS
PENTRON® TS lamps ara daslgned to operats on ded|catad alectronle programmed rapld start (akeo know as prog rammed start) ballasts onfy. Thess lamps are
globalty standapdizad and are desined to operate whh thelr peak g ht output at 357G (A5°F) amblent mperaty @, Fr comparsan purpases and to accamma-
date exlsting lamp measuramant standards, ratings ans aven at both 26°C (77*F) and 355G (95°F). Tha new lamp dimenskans alkaw for Innoative Thiurs
daskIns and Improved Tixtura parfarmance
PENTRON® High Performance T5 Lamps
Appro Lumans
Nairinal A Rt LK Infial -~ Mean
Lengh  MOL Prodyct Pk dSnrvstat T @ECTF Eymbok &
111} m Bese Number  Ordering Abbreedion Oty @anmsEty (KGRl (935°G95T)  Fooinoes
2 = 43 458 MriBpn 20808 FPRGRIOECD 40 20000 3000 & A0 2413 Sz
2000 T W
MH0 FPRERRISECD 40 2000 3500 & 2000 2413 mEnzaa
2000 T wE
ane  FREESECD 40 20000 4100 & B0 243 SmEhras
2000 T wm
208 FPEEASOECD 40 20000 5000 & 2545 237 MEnzaa
0 R wm
NHE0 FP2BRESECD 40 20000 B0 & M40 222 MEnzaa
270 18R wE
HB77  FP2ERED 40,08 1/3KU 40 20000 2w IENTEEN
X7 FP2OGREEN 40065 1/54U40 20000 3500 I5HEEEN
Haes  FPREBLUE 40,05 15K0 40 20000 70 IEHEEEN
14 I 24 222 MriBpn 20207 FRI4E30ECO 40 20000 3000 & 120 1116 EmEnmzaa
1980 1296 wE
e FRI4SRECD 40 2000 3600 & 1200 1116 s[Enzaa
1980 1286 wWw
M4 FR4SECD 40 20000 100 B 120 1116 o
1950 1286 wE
e FRI4SERECD 40 20000 g0l & N0 G s Enzaa
1800 1208 wE
bl T i 3 MR Epin 2619  FP21/330/ECO 40 20000 3000 & 1900 177 MEhwras
20 19 W
MNH FRIMASECD 40 20000 3600 & 190 17T [Ewras
2100 19 wE
M FPMNECD 40 20000 4100 & 190 177 eEnzaa
20 193 W
280 FPIMESECD 40 20000 BB & 70 1Ee SEhras
2000 18E wE
a5 T3 &) 5706 MriBpn 20225 FPISES0ECD 40 20000 000 & 500 S0 eFEnzaa
IR0 3 wE
e FRAGASECD 40 20000 3500 85 2300 3060 M[Enzaam
AE0 33 wm
D27 FRAGSECD 40 20000 4100 & 2300 3060 MEnzap
aE0 3 wE
PENTRON® PREMIER™ High Performance T5 Lamps
Approe LUmens
Narminal ) Rlad L¥a I hAean
Lengh  MOL Product Pt @shrsart o] @UCTTF Symbok &
[111] my Bxa Number  Ordering Abbewidion Oty [@nmstty (K ORI (395005 Fodinows
i = 43 458 MAiEpn 20948 FP26230PMECD 40 2000 3000 & i 25 e[Enzma
aE0 1M W
2043 FP26A3SPMECD 40 20000 3500 &5 270 25 M[Eyragy
ae0 M wE
2844 FP2641PMECD 40 20000 4100 & 270 25 S[Enzaa
060 1 W
For mare complet preductinformation visit sy sybenia.com SymbecdsFooinotes on pege 160H BS
143

The luminaire/Lamp catalog sheet with selected lamp highlighted can be seen in yellow

—-EmMOoOemIoSrTm
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Appendix G: Typical Floor Plans
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Existing System Typical Floor Plans and Building Sections
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Typical underground parking plan rotated 90 degrees CW
Image obtained from Sheet A2.03 from existing Architectural drawings

April 4, 2012 1000 Connecticut Avenue | Washington DC
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Typical Floor plan oriented 90 degrees CW
Image obtained from Sheet A2.08 from existing Architectural drawings

April 4, 2012 1000 Connecticut Avenue | Washington DC
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Elevation K Street oriented 90 degrees CW
Image obtained from Sheet A3.01 from existing Architectural drawings

April 4, 2012 1000 Connecticut Avenue | Washington DC
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Elevation Connecticut Avenue oriented 90 degrees CW
Image obtained from Sheet A3.02 from existing Architectural drawings

April 4, 2012 1000 Connecticut Avenue | Washington DC
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Building section A
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Image obtained from Sheet A3.05 from existing Architectural drawings

1000 Connecticut Avenue | Washington DC
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Building section B
Image obtained from Sheet A3.06 from existing Architectural drawings

April 4, 2012 1000 Connecticut Avenue | Washington DC



