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EXPANSION & RESTORATION
WASHINGTON DC

GENERAL BUILDING DATA:

LOCATION: BLOCK 720 ALONG H STREET
WASHINGTON DC

OCCUPANCY: MIXED USE

SIZE: 329,000 SQUARE FEET

HEIGHT: 5 STORIES ABOVE GRADE WITH A MAX
HEIGHT OF 88 FEET AND 2 INCHES

COST: $23 MILLION

DELIVERY METHOD: DESIGN - BID - BUILD

PROJECT TEAM:

OWNER: UNION STATION REDEVELOPMENT
CORPORATION

PRIME ARCHITECT: TIMOTHY HAAHS & ASSOCIATES

ASSOCIATE ARCHITECT: RTKL ASSOCIATES INC.

STRUCTURAL ENGINEER: TIMOTHY HAAHS & ASSOCIATES

CIVIL ENGINEER: SCHNABEL ENGINEERING

MEP ENGINEER: RTKL ASSOCIATES INC.

GENERAL CONTRACTOR: CLARK CONSTRUCTION

ARCHITECTURE:

.

MIX USE WHICH INCLUDES AMTRAK STATION,
MARC, WASHINGTON DC’S METRO, OFFICE SPACE,
AND PARKING

EXTERIOR FACADE ALONG WEST ELEVATION IS
UNIFIED WITH PRECAST PANELS AND MIRRORS THE
TRACKS TRAVELING THROUGH THE BUILDING
NORTHWEST CORNER OF EXPANSION HAS A
“CURTAIN" PERFORATED STAINLESS STEEL PANELS
ROOF IS A 7” THICK P/T SLAB DUE TO PARKING AND
RELIES ON 8 DRAINS TO PREVENT PONDING

M.E.P. SYSTEMS:

1600 CFM AIR HADLING UNITS TO BE INSTALLED IN
OFFICE SPACES, SECURITY AREA, AND
MECHANICAL/ELECTRICAL ROOM

10 DIFFERENT LIGHTING FIXTURES USED
THROUGHOUT EXPANSION

3 PHASE, 4 WIRE, 480 V NEW GENERATOR LOCATED
ON GROUND FLOOR WITH POWER SUPPLIED FROM
H STREET

OFFICE SPACES, MEZZAINE LEVEL, AND ALL STAIR
TOWERS HAVE SPRINKLER SYSTEMS INSTALLED
WHILE PARKING AREAS WILL NOT BE SPRINKLED

@e ARCHITECTURAL ENGINEERING

STRUCTURAL SYSTEM:

e TWO WAY POST TENSION CAST-IN-PLACE
FLOOR SYSTEM SUPPORTED BY 20 COLUMNS
ON EACH FLOOR
SEISMIC-FORCE-RESISTING FRAME SYSTEM IS
ORDINARY REINFORCED CONCRETE
MOMENT FRAMES
CONCRETE PILES & COLUMNS REST ON
SPREAD FOOTERS THAT SUPPORT THE
STRUCUTRE FROM THE TRAIN TRACKS THAT
TRAVEL BELOW

JOSEPH W. WILCHER III
STRUCTURAL OPTION

www.engr.psu.edu/ae/thesis/ portfolios/ 2009/ jww5003
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EXECUTIVE SUMMARY

In this final thesis report, the thesis proposal of creating a signature expression for the expansion to Union
Station was carried out in full detailed. Using the design of the king post truss as the concept of the
signature expression (located on the ground floor of the expansion), a full structural depth with an
architectural and lighting study was accomplished where all three areas of architectural engineering

focused on the trusses.

Changing the floor system from post-tension to composite steel was the first step in the structural depth
portion of the thesis (starting on page 11). From there, multiple designs for the trusses were created by
the author in order to determine a design that not only would be an expression in architectural, but as well
in structural engineering (All of the design based on the look of the trusses can be found in the
architectural breadth). Using standard truss analysis with the addition to using curved tension member as
the brace members gave a unique way of looking at a truss in structural engineering. Two of the nine
trusses are the focus within the body of the structural depth to show the process the author took in doing

the structural calculations for each one.

Brace frames replaced the existing ordinary concrete moment frames as the new lateral system for the
expansion to Union Station which are part of three of the nine trusses (refer to page 23). Each one of the
trusses pin connections were analyzed as well as a heavy brace connection on one of the trusses. This
was designated as the M.A.E. criteria for the thesis. Finally spot checks on the foundation were done to
verify the trusses transferred the load from the upper floors down to the track level and then into the

ground without any concerns in changing the existing foundation system.

As mentioned above, the design process of making the trusses look one of a kind is found in the
architectural breadth portion of the thesis. On top of the design of the trusses, the author also looked at
the vehicular circulation the busses need in order to maneuver and park under the trusses. Also, the
waiting terminal on the ground floor was moved from its original location to help express the trusses in the

expansion.

Within the lighting breadth of the thesis, LEDs were selected to highlight the trusses and full calculations
for the Lumen Method were done in order to determine the amount of luminaries needed for one of the

waiting terminals.

After each section of the report, a conclusion has been written to talk if the criteria goals for each section
were meet (refer to page 10) and if not, the author talks about what could have been different in the
process taken. All calculations for each of the breadths as well as the depth can be found in Appendixes
A through M at the end of the report.

Page 5 of 131




Joseph W. Wilcher Ill Union Station Expansion
Structural Option Washington DC

Adviser: M. K. Parfitt Final Report: Signature Expression April 7, 2009

UNION STATION HISTORY

Located in the heart of Washington DC’s commercial and manufacturing district, Union Station was built
in the mid 1980’s as one of first major public transportation buildings in the United States. One can
purchase an Amtrak ticket to travel nationally on the railroad or ride a greyhound bus to travel to the
desired location. The DC metro also travels through the station allowing local pedestrians and tourists to

travel around our nation’s capital.

Since the completion of Union Station, other
renditions of the building have been designed and
built in other major cities throughout the United
States (Dallas, St. Louis, Los Angles, etc.). Each
building was given a unique style of architecture to
highlight the building in the city it resides in. For
the original building of Union Station, a grand

Glass Curtain wall is located along the west

elevation of the building. This architectural feature
allows guest and workers within the building to

look at the sites of Washington DC while either t : Sk .

e

riding up in the elevators or the escalators, taking : : K N

the stairs, working in the office spaces, or sitting in Figure i: Union Station’s Glass Curtain Wall
the lobbies waiting to travel by means of one of the

transportations offered.

Figure ii: View Within Curtain Wall
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EXISTING STRUCTURAL SYSTEM

Foundation:

Union Station’s expansion main foundation system consists of concrete piles, which carry the load from
the train track stations to the soil and supportive columns for all the levels above the track level. Each one
rests upon a square footer that is either six feet or twelve feet in length and width, with a height of two

feet.

All the piles are located between the eight locomotive rail ways that are part of Union Station. Maximum
diameter size of the columns and the piles are 1 42’ and are spaced 22’-0” spanning in the north-south

direction of the building between the railroads.

From the provided geotechnical report, the net soil bearing capacity for the site is 2000 PSF, which is
considered weak for the soil. Fine to coarse sandy clay fill is the soil designation on the site for Union

Station.

Existing Floor System:

Union Station’s typical floor system is a two-way post-tension cast-in-place concrete slab with a thickness
of 7”. All the beams and girders are post-tension cast-in-place as well. In Union Station, the beams span
a length of 63’-0”. The girders located in the expansion, carry the load from the beams to the columns and
have a typical span of 24’-4” throughout the expansion. The concrete compressive strength for the slabs,
beams, and girders is f'; = 5000 psi while the columns supporting the floors are cast-in-place with a
compressive strength of 8000 psi. It is to be noted that the floor systems for the expansion and the

existing structure for Union Station do not connect with each other.

For the Ground Level, a rigid 6 2" concrete slab was used for majority of the floor. A composite design
located along the west elevation was utilized to help reduce the weight within the weakest are of the site.
A 57 light weight concrete slab over 1 /%" gage LOK-Floor was used which makes the ground floor total
thickness to be 6 %”. Shear studs sized at 32" x 4 ¥2” were used in the composite floor design. Typical
member size for the beams is W27x84 which span 63’-0” and tie into a W33x118 girder. Each girder ties

into the concrete columns that are part of the foundation system.

There are two typical bay sizes located in the expansion of Union Station, 63’-0” x 27°-6” and 63’-0” x 40’-
0”. Since the tracks running through Union Station were the major consideration in the design as well as

the bus terminal, the use of long spans was concluded as the best approach for the design.
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Lateral System:

Union Station’s lateral load system is composed of ordinary B ) . b :
reinforced concrete moment frames (See Figure 1 to the right). L | ey | L ” i :EEE.’ [
Lateral loads, as well as the gravity loads, reach the foundation { ; RO ) W\ == : \ ‘
of Union Station by first traveling through the beams, then carry ._ 'I |t ‘
through the girders which connect to the columns. From there, g ) g E i 2 \'_-‘-. ;
all loads travel down in the columns to the ground level and then SN

the columns take all the loads into the foundation. Not all beams | — T __‘,
and girders take part of the lateral system in Union Station. The 'I T .
highlighted members within Figure 1 represent the beams and : T

girders that act as part of the lateral system. Intermediate g é B § ) g

beams and girders are indicated as the black and white r -

members within the figure. -

w cxron

Figure 1: Moment Frames in Union Station Expansion

An expansion joint was placed between column lines 7 and
7-1 is located between the existing structure and the
expansion to Union Station (Refer to Figure Figure 2). As
stated in the addendum, there is also an expansion joint
within the expansion. This joint is used to create two
separate structures that can move independent of each
other due to forces acting upon the building.

Figure 2: Expansion Joint within Expansion
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PROBLEM STATEMENT

From Design Firm’s View:

From the very start of the design for the expansion to Union Station, two major concerns for the building
were used as a starting point. First, there had to be large open spaces with a minimum amount of
columns for the track, ground, and mezzanine level. This is due to having a bus terminal located on the
ground floor since and the owner wanted an open feeling for the mezzanine level. Second, the weight of
the building should be at a minimum since the soil located on the site is considered poor. These two
considerations lead to the use of the post-tension floor system and above average column sizes

throughout the entire building.

From Author’s View:

While the author agrees with the concerns the design firm came up with for the expansion to Union
Station, another issue should have been addressed as well. While trying to create a building expansion
that was cost-savings and fit within the two major concerns, there was no major attempt to create a
signature expression for the expansion to Union Station. The author believes that even though the glass
curtain wall of the existing structure stands out as an expression of architecture, the expansion to Union

Station should have its own architecture feature since it is own building as well.
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THESIS CRITERIA GOALS

Using the areas of concern from the design firm as well as the author’s own point of view, the following
criteria was established in order to complete the over goals of this thesis.

1.) Redesign floors mezzanine through third with a new structural system.
2.) Design a one of a kind transfer level that is located on the ground floor while incorporating the
style of the king post truss.

a. While the trusses act as the transfer system, create an architectural expression with the
trusses by using different shapes and connections that show the trusses were solely
made of the expansion to Union Station.

b. Ignore the cost of how much the custom trusses and new floor system will cost since the
author believes how important it is to have an architectural expression.

3.) Incorporate brace frames as the new lateral system for the expansion to Union Station.
4.) Verify the foundation of Union Station can support the new structure.

5.) Determine the vehicular circulation of the buses will not be affected by the truss designs.
6.) Incorporate the waiting/lobby area on the ground floor with the architecture of the trusses.
7.) Incorporate two new lighting layouts:

a. Create a custom lighting scheme that will now only illuminate the trusses but highlight
them to looking aesthetically pleasing.

b. Replace the existing luminaries within the bus terminal with new, energy efficient ones.

All seven goals will be attempted by the author in order to give the expansion to Union Station not only to
meet the goals of the owner, but to make the people who work and step into the expansion remember the
one of a kind structural and architectural feature.
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STRUCTURAL DEPTH

Location of Trusses:

Before any redesigning of the upper levels was started, the first task at hand was to determine where the
transfer trusses would be placed on the ground floor. Keeping in mind there will be buses traveling and
parking on the ground level, the trusses had to be placed where there would be minimal impact. The
author concluded the best location for the trusses would be where the existing columns are located on the
ground floor. Figure 3 below indicates where the king post trusses would be located (blue lines indicate

the trusses while the red line represents the expansion joint).

o g

LR
o
B

EXPANSION JOINT

Figure 3: Location of Transfer Trusses on Ground Floor

Five trusses would be located within Structure 1 of the expansion to Union Station and four would be in
Structure 2. Each truss would span the north-south length of the building which is 189’-0” and would be a
height of 18’-0". Visual inspection of Figure 3 shows that some of the trusses will be located where buses
must turn and park (Refer to the Architectural Breadth portion). Since the location of the king post trusses
has been determined, the next step was to design a new structural floor system for the mezzanine level
through the third floor.
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Composite Steel Floor System [Preliminary Sizes]:

Since one of the major concerns for the expansion for Union Station was having large open floor plans on
the ground and mezzanine level, the design team that created the building decided to keep the open plan
on each level. On the upper floors however, a large open space is not necessarily required since there is
only office space and parking. The author believes the use of a composite steel floor system is a valuable
alternative structural gravity system to the post tension slab. A composite system not only can provide
long spans, but also can reduce the slab thickness as well giving each level a higher floor to ceiling

height.
g 31— 31 31— 31— 31—

Starting with the existing floor plans, a new column grid ﬂzlr

and beam layout for the gravity system was created.

Figure 4 on the right shows a typical plan for levels one o

through three and the roof as well. In the north-south : . x : ¥ : 1T
direction of the expansion, each column is spaced at 31’-

6” while there are multiple spans in the east-west

direction (49’-0” is the longest span for the east-west
direction for both structures). Since the mezzanine level is o

shorter in length in the east-west direction, the only : : : . : : 4L

difference in the layout is the short span of 20’-0” located

at the very top of structure two (Refer to Figure 5 for a

visual representation). To view each typical floor with

column markers, see Appendix A, Figures 1 & 2.

The first step the author took in designing each beam and
girder for the gravity system was determining the required

loads for each floor per structure. Table 1 on page 13 of - : : : : : 44

this report shows the dead and live loads used in i

accordance with ASCE 7-05. For this thesis project, no

iz z L z z xz —

live load reductions were taken into account. Figure 4: Composite System (Levels 1 -Roof)

The author wanted to calculate the worst case scenario.

Each beam and girder for levels mezzanine to the roof was designed by hand using LRFD in conjunction
with a calculation method learned in the advanced steel design course at The Pennsylvania State

University. The bay size of 31’-6”
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x 49°-0” will be used as the example throughout this portion of this thesis as a guide to show the process

of how the final members were selected.

+—are——are—t—are—— 31—

DD

R
.
e
L0l

490"

490"

a0'0

z x z x z —

Figure 5: Composite System (Mezzanine Level)

DEAD LOADS
Level Roof 3 2 1 Mezzanine | Ground
Light Weight Concrete 1M0pef | 1M0pef | 110pef | 110 pef 110 pef 110 pef
Steel 490 pcf | 490 pcf | 490 pef | 490 pef 430 pef -
M.E.P 10 psf 10 psf 10 psf 10 psf 10 psf 10 psf
Finishes & Misc. S psf 5 psf S psf 5 psf S psf 5 psf

LIVE LOADS
Level Roof 3 2 1 Mezzanine | Ground
Landings 100 psf 100 psf 100 psf 100 psf 100 psf 100 psf
Lobbies - - 100 psf | 100 psf 100 psf 100 psf
Mechanical - - - - - 150 psf
Office - = 50 psf 50 psf 50 psf -
Parking 50 psf 50 psf 50 psf 50 psf - -
Partition - B 10 psf 10 psf 10 psf -
Stairs 100 psf | 100psf | 100psf | 100psf | 100psf | 100 psf

Table 1: Gravity Loads from ASCE 7-05
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Before the beams and girders were designed, a metal deck had to be selected for the composite steel

floor system. Using the Vulcraft Steel Roof & Floor Deck catalog, a

2VLI16 metal deck with a 4.25” thick concrete slab was selected 31-6

giving the total thickness to be 6 V4" . Since original post-tension T I
slab on the mezzanine to the roof was 7 %", the floor thickness of
the expansion of Union Station was increased by 1 %4”. Lightweight +EQ—+EQ=+EQ—-+EQ-
concrete was selected for the slab to help reduce the overall

weight of the building and since the intermediate beams are

spaced at 7°-10%" which is less than the maximum spacing of 12’- 7 49-0"
6” (To view the criteria designated to select the 2VLI16 metal deck
can be found in Appendix B, Figure 1). The metal deck will span in

the north-south direction of the expansion to Union Station, which

is indicated by the arrow located on Figure 6.

Figure 6: 31°-6” x 49°'-0” Bay

Running in the 49’-0” direction of Figure 6 (See above) are the beams and the girders are the members
that are 31’-6”. The author selected members that would meet the construction, live load, and total
deflection criteria set by the American Institute of Steel Construction (AISC). Using partial composite
design, the number of shear studs required to transfer the loads from the concrete to the steel members
was calculated as well by the requirements by AISC. Table 2 below shows the beam and girder member
sizes calculated. To view the calculations for the beams and girders located in Table 2, see Appendix B,

Calculations 1 through 10.

31'-6" x 49'-0" Interior Bay Beams: Strucutre 1 [Preliminary Calculations]
Level Roof 3rd 2nd 1st Mezz.
Member W24x55 <40> W21x55 <24> W21x55 <24=> W21x55 <24> W21x55 <24~
31'-6" » 49'-0" Interior Bay Girders: Strucutre 1 [Preliminary Calculations]
Level Roof 3rd 2nd 1st Mezz.
Member (G) W24x94 <42> W24x94 <42> W24x94 <42> W24x94 <42> W24x94 <42>
Member (H) W24x76 <46> W24x76 <46> W24x94 <42> W24x94 <42> W24x94 <42>

Table 2: Preliminary Typical Beam & Girder Sizes
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Composite Steel Floor System [RAM]:

Using the same loads from Table 1, dimensions for bays in Figures 4 & 5 and now having the openings in
the plans for the stairs and elevators, RAM Structural System was used to calculate the composite
members to determine what sizes will be used. Figure 7 is the plan used for the roof, third, second, and
first floor plan while Figure 8 is the plan for the mezzanine level. The location of the stairs and elevators
are not the same as the existing expansion to Union Station. For more details on why the author moved

some of their locations, refer to the Architecture Breadth portion of this thesis located on page 32.

Figure 7: Roof, Third, Second, First Floor Plan Figure 8: Mezzanine Floor Plan
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After inputting all the loads, including a wall load of 35 psf, RAM Structural System was used to determine
the member sizes and number of shear studs for both the composite beams and girders. Using the same
interior as the one in the preliminary size section of the structural depth, Table 3 shows the sizes RAM

determined were adequate for the expansion to Union Station.

31'-6" x 49'-0" Interior Bay Beams: Strucutre 1 [RAM]
Level Roof 3rd 2nd 1st Mezz,
Member W1Bx40 <53=> W18x40 <26> W18x40 <40=> W18x40 <40= W18x40 <40>
31'-6" x 49'-0" Interior Bay Girders: Strucutre 1 [RAM]
Level Roof 3rd 2nd 1st Mezz,
Member (G) W27x84 <48> W27x84 <38> W27x84 <38> W27x84 <38> W27x84 <38>
Member (H) W24x76 <66> W24x76 <34> W24x76 <48> W24x76 <48> W24x76 =48>

Table 3: RAM Beam & Girder Sizes

Comparing the preliminary sizes to the ones calculated by RAM, one can see the beams used in RAM
are smaller and lighter than the ones in the preliminary section. The reason for this is RAM used fully
composite design instead of partial (as the author used in the hand calculations). Also, the RAM members
have a larger camber than the members done by the author. The W18x40 beams have a camber of 2 4"
while the W21x55 only have a 2" camber. Since determining whether having a larger camber would cost
more than a deeper and heavier beam was not part of this thesis, the author will use the beam sizes that

were determined by RAM since they are smaller in depth and lighter in weight.

For the girders, the sizes are almost identical except the members in the G column line are deeper and
heavier in RAM than the preliminary sizes. Since RAM could have another method of deterring the
girders, the author will accept the values from RAM and use them as the final members for the expansion

to Union Station.

Columns on Mezzanine through Third Floor:

After the beams and girders were designed in RAM, the columns that will transfer the gravity loads from
each level had to be determined. RAM Structural System was used to calculate the member sizes for the
columns. Looking at the same interior bay used as the example in this portion of this thesis (Figure 6
located on page 14), Table 4 on the following page shows the sizes of the columns used along grid lines
G and H.
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Column Line G
Level 3rd 2nd 1st Mezzanine
Member W14x61 | W14x82 | W14x109 | wi4x132
Interaction 0.68 0.85 0.82 0.91
Column Line H
Level 3rd 2nd 1st Mezzanine
Member Wi14x53 | wiax74 | wiax99 | wiaxi7e
Interaction 0.83 0.85 0.82 0.61
Table 4: Member Sizes along Grid Lines G & H
Location of Trusses [Additional Discussion]:
e 1 3g——t —are————are——f

Once the composite steel gravity system was
designed, the author went back to make sure
where the original locations of the trusses were
would line up with the proposed new column
line. After investigating the floor plans, the
trusses are directly below each column line of
the composite steel system. Placing the
trusses below the column makes the transfer
system much more efficient. Figure 9 shows
the trusses (blue hatching symbol) on top of

the column line (black solid squares).

Figure 9: Column Line over Location of Trusses
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Forces within Truss Members:

Before continuing on with the truss portion of this thesis, the author would like to make a statement to the
reader. Since this portion of the thesis deals with the structural analysis of the trusses, all the architectural
criteria the author used can be found within the Architectural Breadth portion. Also, since there is a total
of nine trusses being designed for the expansion to Union Station, the author will use only two throughout
this portion of the thesis because they are all similar to each other. It should be noted that all trusses were

designed by the author. Truss 1 and 2, which is noted on Figure 10, will be the designated trusses used.

TRUS5 9

e e el

TRUS5 8

STRUCTURE 2"

TRUSS 7.0 T
o]

TRUSSS, | %%

TRUSS 4/
L 3 s

"
a
B

STRUCTURE1 [
TRUSS 3

EXPANSION JOINT

B e —TRUSS2 ” |

oo THUSS T o\ o\ oo

Figure 10: Location of Truss 2

To begin determining the forces within each truss member, the loads acting on the trusses from the four
levels above the ground floor had to be resolved. Using RAM Structural, the point loads from Table 5
were figured from the columns on the mezzanine level. By inspection of the values from Table 5, the
forces that are acting upon Truss 2 are significantly large. This makes sense because there are four

levels the trusses must support and transfer the loads down to the track level then to the foundation.
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Truss Point Loads Within Structure 1

Truss 1

Caolumn Line 1 2 3 4 5 6

Loads (Kips) 337.00] s7es0] s7as0l s7es0|  578.80]  307.83 72.64
Truss 2

Column Line 1 2 3 4 5 6

Loads (Kips) 869.69] 112506] 112506 1125.08] 112506] 83523 388.98
Truss 3

Column Line 1 2 | 3 4 5 5

Loads (Kips) 730.67| 1186.48] 118648 118648 118648] 118648 73967
Truss 4

ColumnLine | 1 2 3 4 | 5 5

Loads (Kips) | 90071 2115.88] 2115.88] 2115.88] 2003.01] 2044.84
Truss 5

Column Line 1 2 I 3 I 4 5 ]

Loads (Kips) 30022| 501.36] 501.36] 501.36] 30257] 38197] 30022

Truss Point Loads Within Structure 2

Truss 6

ColumnLine | 1 2 |1 == 1 @« | =5 5 |

loads (Kips) | 37247 62294] 62294] 62294] 62294] 62294 37238
Truss 7

Caolumn Line 1 2 3 4 5 6

Loads (Kips) 728.85] 1169.08] 1169.08] 1169.08] 1169.08] 1056.81] 613.60
Truss 8

Coumnline | 1 | 2 | 3 | 4 | 5 | & |

Loads (Kips) | 667.22] 112094] 112094] 112094] 112094] 78128 32018
Truss 9

Columnline | 1 | 2 | 3 | 4 | 5 | s

loads (Kips) | 4878 7217 7217  v2q7] 77| 7247

Table 5: Loads to Trusses From Above Levels

Using the loads from Table 5, a detailed spread sheet was used to determine the forces within each

member for the trusses as well as the support reactions from the columns located on the track level. In

addition to the spreadsheet, STAAD Pro was used to verify the forces in the members as well as the

reaction values. Since the members for the trusses are unknown as well as the area, the author inputted

a one square foot area in STAAD, the values came out to be within 1% of the spreadsheet calculations.

To view the spreadsheet and STAAD Pro report of Truss 2, turn to Appendix C, Calculations 1 through

13.
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Table 6 below shows the forces within each member of Truss 2. The reader should realize the image
used is not the final image of the truss used, but as the design at the time when the loads were
determined (See the Architectural Breadth of the thesis to learn more about the design of the trusses).
After each load in Table 6 are the directions how the loads act within the members. Tension is

represented as [T] and [C] means compression.

STRUCTURE 1 TRUSS 2 [Kips]
Momber 3 Maembar 4
——
- <1
j ﬁ A
3
Member 1 860.13 [C] Member 6 534,45 [C] 17 1759.81 [C] 16 1280.73 [1]
Member 2 BG0.13 [C] Member 7 253.38 [T] Member 12 159863 [C] Member 17 117156 [C]
Member 3 253.38[C) Member 8 196.32 [T] A r13 83523 [C] A 18 1093.17 [C]
Member 4 196,315 [C] Memberd | 116000 [C] Member 14| 75064 [C] Member 19 95632 [T]
Member 5 534.45 [C] Member 10 125,06 [C] 15 590,06 [1] 20 730.29 [T)

Table 6: Loads in Truss 2 Members

Determination of Preliminary Member Sizes for Trusses:

STRUCTURE 1 TRUSS 2

@
i

Member 1 WT15x130.5 Member & WT15%130.5 Member 11 W14x176 Member 16 | (2) HSS10x0.50
Member 2 WT15x130.5 Member 7 WEx31 Member 12 W1dx176 Member 17 (2) HSS10x0.50
Member 3 WT15x130.5 Member 8 W16x31 Member 13 W14x176 Member 18 | (2) HSS10x0.50
Member 4 WT15x130.5 Member 9 W14x176 Member 14 W14x176 Member 19 | (2) HSS10x0.50
Member 5 WT15x130.5 Member 10 W14x176 Member 15 | (2) HSS10x0.50 Member 20 | (2) HSS10x0.50

Table 7: Preliminary Sizes for Truss 2

Following the criteria set by AISC, the author used the thirteenth edition of the steel to determine the
preliminary sizes of the member for the king post trusses. Each column and top chord of each truss was
selected using Part 4 of the manual by taking the un-braced length in the y-axis and making sure ®P, 2
P.. Since both the columns and top chords are in compression, Part 4 of the manual looks at members in
compression. Both bottom chords were determined by using Part 5 of the manual since this part looks at
members in tension. For the four curved bracing members in tension (Members 15, 16, 19, & 20), the
preliminary sizes were selected from Part 1 of the manual by calculating the required | needed for the

load then looking up a member that had a greater I. The two bracing members in compression were
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determined by the same method as the bracing members in tension. Table 7 shows the preliminary
member sizes selected for Truss 2. A variety of shapes were selected for the trusses, which is explained
in the Architectural Breadth of this thesis. To view the calculations for determining the preliminary sizes in
Truss 2, refer to Appendix D, Calculations 1 through 7.

Curved Tension Members In Trusses:

Using curved tension members in the trusses, each

one must be looked at to make sure that the moment

created by the forces within the member will not cause e
the shape to go into a compression state. Taking the ___‘-_7-';?-:'7'. ”
preliminary HSS sizes, the author created the curved _,.-:,:-"-';--

members within STAAD. By making twenty-six _.;’?
increments along the radius of the arced shape as P
Figure 11 shows on the left, this allows to examine ~

where the maximum moment will occur.

Figure 11: Segments Used For Tension Members

. Once each section off the HSS members was
" II|| "",.-"
J/‘W/ modeled in STAAD as well as the forces causing the

member to be in tension, an analysis was run on the

worse tension member in Truss 2 which is Member
19. The reason for doing the worst case scenario is
if the selected HSS member passes, then each
tension chord in Truss 2 will pass as well. Figure 12
on the left shows the moment diagram created by
the member after the analysis was done it STAAD.
One can see how the moment diagram is the shape
of a parabola acting in compression. This shows
how the moment wants to cause the member to

bend into a compression due to tension.

Figure 12: Moment within Tension Member 19
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A closer inspection of the STAAD results also shows that the
maximum moment occurs within the eleventh segment from
the pin connection at the bottom of the member, which can
be viewed in Appendix E. To determine the reaction force, R,
the maximum moment was divided by the lever arm in the y-
direction (Refer to Figure 13). This determined the force
within the x-direction (Ry) and taking this value and dividing it
by the angle created by the two ends points of the member,

30°, the value R is determined.

N

\
\

Fy

V4 ,
FXeo— @ 1
b

R &M
/=_>Rx

g

Figure 13: Determination of R

Going into the AISC Steel Manual and using Table 4-5, the ®P, can be determined by using the KL
length where R is located. For Member 19 of Truss 2, the un-braced length is 23.42 ft and after

interpolation within Table 4-5, ®P, comes out to be 343 Kips which is greater than 313 Kips for R.

Therefore the preliminary size HSS10.0x0.500 can be used for the curved tension member throughout

Truss 2. To view the calculations for ®P,, turn to Appendix E, Calculation 1.
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Lateral Resisting System:

FRAME 1

<[\ FRAMEB

| FRAMEB

T staucrUR'H T
: 1
FRAME 3
I%M.-i!
-
‘ ‘ STRUCTURE 2
0 ] 151121 8 1 16 8 1 B D (R
g ‘
LEE N __‘__
Lt
Figure 14: Isometric View of Lateral Resisting System Figure 15: Plan View of Brace Frames

With a composite steel floor system being used instead of the post-tension system, a new lateral system
was incorporated into the expansion of Union Station. Steel brace frames with a response modification
factor (R) of 3.25 were selected to replace the existing concrete moment frames (R =3). A total of eight
brace frames, four in each structure (two in the north-south direction as well as the east-west), were
placed within the expansion. Figure 15 shows the frames in plan view and Figure 14 above shows an
isometric view of the expansion to Union Station. From Figure 14, the bottom of the columns is where the
ground floor is located. Therefore the ground level and the brace frames is shown in the view. One can
then observe from Figure 10 (Page 18) that Frames 1, 2, and 3 are part of Trusses 1, 2, and 6. Each of
the trusses with the brace frames as part of them as well as the remaining five frames had to be analyzed
to determine if each frame can withstand the forces from wind and seismic. For this portion of the report,
Frame 1 which is part of Truss 1 will be looked at in depth. All other Frame calculations can be found in
Appendix F.
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Selecting preliminary sizes that the author believed could withstand the lateral forces were modeled in
RAM Frame and then the members that were undersized were replaced with members that met design
requirements. After getting the member sizes for the frames, the author used SAP2000 to determine the
required stiffness for each frame. Figure 16 shows the member sizes selected for Truss 1 and Frame 1.
Within the truss, the two braces on the ground floor are W14x257. Since these members have to carry
both gravity and lateral loads, this is the reason for having such heavy members. Going up the brace
frame, the majority of the braces are W14x99. The author wanted to keep the same shape as much as
possible throughout Frame 1 and all the others. Going down each level, the columns increase in weight to

take more loads from the level above them.

ul yl ul ul ul (u! ul

M2 1XE8

g T |
g = e I
- |
] e ] w3
= = wuw =
o e
o we g
=i — K2 1488 =
- I
WTIS455.5 rises.s "'m@g;.—. g HT15495.5
| ] g i
2 £ R| : = ~ ) - kY
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= = 2 " E
. -~
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Figure 16: Member Sizes for Brae Frame 1

After the relative stiffness of each frame was determined, center of rigidity, direct, torsional, and net forces
due to wind and seismic loads were calculated using RAM and also by hand as well. To understand what
each of the previously mentioned definitions are, review technical report three written by the author. All

calculations regarding the definitions are located within Appendix F.

Once the net forces due to wind and seismic were determined, each load for both forces was placed on
each frame in SAP. Then each frame was analyzed one at a time to verify the serviceability of each
frame. Tables 8 and 9 on the following page represent the allowable drift criteria for each floor and the
entire expansion as well as the calculated drifts done by SAP. Looking at both tables, one can see that
the seismic drift controls from the roof to the first level and the mezzanine level drift is controlled by the
wind. These results are almost identical to what was happening in the expansion to Union Station when
the ordinary concrete moment frames were being used. Since the response modification factor difference

is 0.25 between the two systems, the values obtained are reasonable.
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Cantrolling Wind Drift: Frame 1
Story Story Story Drift Allowable Story Drift (in) Tota_l Drift | Allowable Total Drift (in)

Helght (ﬂ) (II'I) Qvlnd = H/M400 (II"I) Dmd = H/400
Roof 11.500 0.041 < | 0.345 | Acceptable 0.509 < 1.94 | Acceptable
3rd 11.500 0.049 < | 0.345 | Acceptable 0.468 < | 1.595 | Acceptable
2nd 11.500 0.140 < | 0.345 | Acceptable 0.419 < 1.26 Acceptable
1st 12.250 0.150 < 0.368 | Acceptable 0.278 < | 0.905 | Acceptable
Mezzaine | 17.917 0.129 < | 0.538 | Acceptable 0.129 < | 0.5375 | Acceptable
Table 8: Controlling Wind Drift for Frame 1
Controlling Seismic Drift: Frame 1
Story Story Story Drift Allowable Story Drift (in) Tota] Drift | Allowable Stary Drift (in)
Height () (in) Dsgisme = 0.0200g, (in) Dsgisme = 0.020hg,
Roof 11.500 0.129 < | 0.230 | Acceptable 0.738 < | 1.293 | Acceptable
3rd 11.500 0.140 < | 0.230 | Acceptable 0.609 < | 1.063 | Acceptable
2nd 11.500 0.201 < | 0.230 | Acceptable 0.469 < | 0.833 | Acceptable
1st 12.250 0.189 < | 0.245 | Acceptable 0.268 < | 0.603 | Acceptable
Mezzaine| 17.917 0.080 < | 0.358 | Acceptable 0.080 < | 0.358 | Acceptable

Table 9: Controlling Seismic Drift for Frame 1

Truss Connections [M.A.E. Criteria]:

Each of the nine trusses has twenty-six connections that are required for the selected geometry and all
twenty-six connections are made up of three types; pin, heavy brace, and gusset plate. A majority of the
connections are made up of pin connections from the braces within the truss as well as the top and
bottom chords. The heavy brace connections are located on the three trusses that are part of the lateral
system and the gusset plate connections are locate at the top in the middle of each truss. Figure 17
shows the location of each type of connections on the two different styles of trusses (Blue is Pin, Green is
Heavy Braced, & Red is Gusset Plate). For this report, the typical pin connection for the tension members

and the heavy brace members will be looked at.

Each of the pin connections for the tension members were designed based on the criteria set by AISC.
Since there is a significant load within the members, each steel plate is A992. This is to keep the size and
the thickness of each plate reasonable. For exterior trusses (Truss 1, 5, 6, & 9), a single bolt pin
connections was used for the rods and a two bolt pin connection was used for the interior connections
(Figures 18 & 19 show a visual of each plate). The reason for using two pins in the exterior trusses is the
load on a single pin makes the diameter significantly large. Therefore using two smaller pins makes the
connection look more aesthetically appealing. Dimensions a and b from Figures 18 & 19 are the minimum
distance from the edge of the plate to prevent and failure from occurring. One can view the calculations
for all the plates for each truss in Appendix H, Calculations 1 through 9 and Table 10 on page 26
summarizes the plates and pins used for Trusses 1 & 2.
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Figure 17: Types of Connections
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Figure 18: Single Pin Plate Design Figure 19: Double Pin Plate Design
Truss 1 Truss 2
Member 15 16| 19 20 Member 15 16 19 20
w (in) 10 10.5 10.5 10 w (in) 14 14.5 14 14
t (in) 1.125 1.25 1.25 1.125 t(in) 15 1.75 1.5 1.5
dyin (IN) 4 4 4 4 dyin (iN) (2)3 (2)3 (2)3 (2)3

Table 10: Dimensions & Pin Sizes for Trusses 1 & 2
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All pin plates will be connected to the columns web by using two welds along on the perimeter of the

plate. Welds were used instead of bolts because the width of the plate should be at a minimum to prevent

any trouble with the busses traveling near. Figure 20 on the left shows how the plates are connected to

the columns of the trusses with. Each weld was designed by using Table 8-6 from AISC Steel Manual

because the loads are coming in at an angle of sixty degrees off the vertical. Since the load is located at

the center of the plate (Figure 21), there is no eccentricity from the load therefore the value of a within

Table 8-6 is zero. Each plate weld calculation can be found in Appendix H, Calculations 10 through 18

and Table 11 below shows the size of the weld for Trusses 1 and 2.

/]

/

Figure 20: Weld Symbols for Plates

T

d

1L

ki

Figure 21: Location of Load

| Truss 1 Truss 2

Member 15 16| 19 20 Member 15 16 19 20
Weld Fillet Fillet] Fillet Fillet Weld Fillet Fillet Fillet Fillet
Electrode ETOXX] ETOXX] E7OXX ETOXX Electrode ETOXX ET0XX ETOXX ETOXX]
t (in) 716 8/16) 4/16 4i18| |t (in) 9/16 11/16 9116 7116

Table 11: Weld Sizes for Trusses 1 & 2

All but two of the welds are fillet welds. Members 16 and 19 in Truss 4 have full penetration welds

because the actual size of a fillet weld exceeds 1 inch and it is around the same cost for a fillet weld over

1 inch and a full penetration weld.
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The second type of connection being looked at in this thesis is a heavy brace connection on Truss 1
which acts as part of the lateral system. To prevent any moment from occurring within the connection, the
Uniform Force Method was used. Figure 22 shows the location as where the forces for the column and
the beam would be located at on the plate. Since there is no beam required, due to the bottom chord at
the location is a zero force member, and the connections is being attached to the column web, the only
two forces acting are the shear in the column and the pull out force need in a beam. Therefore a WT7x41

was selected to handle to horizontal force from the connection.

e

Figure 22: Column and Chord Force Distribution in Plate

All limit states for each portion of the connection were taken into detail for the heavy brace connection.
On the following page of this thesis is a detailed drawing of what members, bolts, welds, and dimensions
are required for brace member 17 for Truss 1. All calculations for this connection can be found in

Appendix H, Calculations 19 through 22.
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Figure 23: Detailed Connection of Heavy Brace Member
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Final Members for Trusses:

After taking all the loads from the upper levels, figuring out the forces that act in all the members,
performing lateral analysis, designing the connections, Table 12 and 13 shows the final members used
for both Trusses 1 and 2. Appendix |, Tables 1 through 9 show all nine members with their final member
sizes. As stated previously in this report, refer to the Architecture Breadth to understand why the two

trusses were designed as they are.

STRUCTURE 1 TRUSS 1
Mamber 1 Mombor 2 Membar 3 Momber 4 Momber § Membar 6

o~ L) -
o A s - -
TR - SR 3 3
3 ? 3 3 i

Mamber B

Member 1 WT15x95.5 Member 6 WT15x95.5 Member 11 W14x159 A 16 | (2)3"Dia. Rod
Member 2 WT15x85.5 Member 7 W1Bx31 Member 12 W1 4x159 Member 17 WA 4257
Member 3 WT20%251.5 Member 8 W1Bx31 Member 13 W99 Member 18 WA 4x257
Member 4 WT20x251.5 Member 9 W14x99 Member 14 W14x99 Member 19 (2) 3" Dia. Rod
Member 5 WT15x95.5 Member 10 W14x89 Member 15 (2) 2 Dia. Rod Member 20 (2) 2" Dia. Rod

Table 12: Final Members for Truss 1

STRUCTURE 1 TRUSS 2
Member 1 Membar 3 Member 4 Member 5 Member &
= sl " o » 2
E ‘w@" ""%_,a E
= =
Momber 8
Member 1 WT15x130.5 Member & WT15x130.5 Member 11 W14x176 Member 16 (2) HSS10x0.50
Member 2 WT15x130.5 Member 7 W16Bx31 Member 12 W14x176 Member 17 (2) HSS10x0.50
Member 3 WT15%130.5 Member 8 W16x31 Member 13 W14x176 Member 18 (2) HSS10%0.50
Member 4 WT15x130.5 Member & W ax176 Member 14 W14x176 Member 19 (2) HSS10x0.50
Member & WT15x130.5 Member 10 WA4x1T76 Member 15 (2) HSS10x0.50 Member 20 (2) HSS10%0.50

Table 13: Final Members for Truss 2
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Foundation Verification:

Since the soil at the site for the expansion to Union Station is considered weak (Refer to Foundation
Section of Existing Structural System), making sure the foundation can withstand the change from post-
tension concrete to steel is important. The change of systems works as one can see from Table 14 on the
following page. There is one area where there is a problem and that is located at Truss 4. The b designed
succeeds the allowable area to put a square footer. One possibility to correct this is to have a different
system as the foundation. Since the research and development of a new foundation system was not part

of this thesis due to the time restriction the author had.

The second check for the foundation done was making sure overturning was not a problem. Table 15 on
page 31 shows that overturning moment is not an issue to Union Station. The two checks done on the

foundation verify that this new system can work on the site for the expansion to Union Station.

[ Spot Checks On Foundation Structure 1 ] Spot Checks On Fourdation: Structure 2 |
Giid Line: Teuss 1 | Grid Line: Truss & |
[Memiber Member B 11 12] 14]
P (Kips) P (Ks) 541.03] 120000] 120000 641.03]
# Supporting Phes For # Supporting Plles For i P i i
Platfrorms Platiroms
[Tons Per Pie Tons Por Pie 8013] 16125] 161 25| 8013
o (par) o (psf) 200000] 2000 od|
) Arugnna () B013] 161.25] 16125 8013
b im I 9| 13] 3] 5|
s1En7 sEnT | Yes| Yes| es|
‘5pot Checks On Foundabon: Structure 1 Spot Checks On Foundation Sirucre 2 ]
Grid Line: Truss 2 Gid Line: Truss 7 |
[Member 9 11 12 14} Member il 11 12| 14|
P (Kips) 1160.00] 334000] 14000f 75064 P (kips) 1230.00] 242000 2350.00] 1070.00|
# Supporting Pées For " # Supporting Files For
Platfrorms Platiroms
Tors Per Pie Tors Per Pre
0 {psf) @ (psf) 2
e 01| )
b [} B ()
s1En? s18n7
[ “Spot Chocks On Foundation Structire 1 ] Spot Checks On Foundation: Structure 2
I_ Gnd Line. Truss 3 1 Grid Ling. Truss 8
[Merber 1 Member 12] 14]
P (ks = 650.31
# Supporting Pies For # Supporting Piles For
Platfroms Platioms
Tors Per Pée Tons Per Pie
0 {psf) @ (psf) E.
[Ages () ]
o () B
51817 = 1817
[ Spot Checks On Foundation: Structue 1 ] Spot Checks On Foundation: Strusture 2 |
Giid Line. Truss 4 | G Line: Truss 8
[Member Member ] IR I BT
P [Kips) [ (Kips) 7ea2] 14939 14830]  To.a2|
# Supporting Pies For # Supporting Piles For 4 4 4 4
Platfrorms Flattroms
Tors Fer Fie [Tans Per Pie 598 8er| 87|  oog
o (psr] o (par) 200000] 2000.00] 2000.00] 200000}
A (T} [ Avsnss () 996 1867] 1867 B.06|
b () b () 4 B B 4]
S8R 7 s1BR7 es| = el Yes|
I Spot Checks On Foundation. Siructure 1
|__ Giid Line: Truss 5
[Mermber ol 11 12 14
P [Kips) 517.32] 104000 TED.3G| 481 B4
# Supporting Pées For
Platiroms
Tons Per Pie
0 {psf)
A ()
()
s1En7

Table 14: Spot Checks on Foundation
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Overturning Verification: Wind

Structure 1 Structure 2
Morr]ent L2 (1) P (Kips) [W/2 (Kips) Overturning Momlent L/2 (ft) P (Kips) |W/2 (Kips) QOverturning
(ft-Kips) Issues (ft-Kips) Issues
45170 89,75 |503.2869| 27106.5 No 45235 835 5417365 | 23324 No

Overturning Verification: Seismic

Structure 1 Structure 2

Moment . : Overturning Moment < i Overturning
; L/2 (ft) P(Kips) |W/2 (Kips) " Lf2 (ft) P (Kips) |W/2 (Kips)

(ft-Kips) lssues (ft-Kips) Issues
48422 89.75 539.5209 | 27106.5 No 46603 835 558.1198 | 23324 No

Table 15: Overturning Moment

Structural Depth Conclusion:

Designing a transfer system is no easy task for an engineer, especially when one decides to be creative
and integrate the structure and architecture of the building. The hardest challenge was not to determine
the loads from the above floor or figuring out the loads in the members or designing a new lateral system,
but figuring out if the curved tension members selected could withstand the moment inside the member
which wants to pull the member into a compression state. Making sure the foundation system could
support the new structural system as well was a challenging task as well. Trying to keep in mind that the

soil on the site is weak throughout the whole structural depth was at times hard.

After all the calculations and innovative structural designing, the author believes the thesis criteria goals 1
through 4 (refer to page 10) where accomplished. Switching from a post-tension concrete to a composite
steel floor system with transfer trusses can satisfy not only the goals of the design firm, but the author’s
as well. Each truss shows how creative an engineer can be when working with certain boundaries to
follow. The only main concern the author wishes there was more time for was the foundation system. If
there was time, the author would try to create a new foundation system that would work around the train

tracks and give extra support to the expansion of Union Station.
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ARCHITECTURAL BREADTH

Architectural Design of King Post Trusses:

To create a signature expression for the expansion of Union Station, the author believed the best way to
achieve this was to use the king post trusses that act as the transfer system. In order to make the trusses
look appealing to the traveler’s eye, a variety of members should be used and the author wanted to make
the trusses look like no other truss someone has seen. This is to make the viewer look and ask

themselves the questions about the trusses.

In the beginning of the design of the trusses, sketches were drawn up for parts of the trusses. The
authors started off with just having one type of truss in the expansion. Having one truss kept the concept
simple but intriguing. Shown below are concepts the author originally started off with. One can see from
Figure 1 that the original thoughts of the top chord was to have a built up box shape with a WT member
as the bottom portion with tension rods connecting into the web of the WT member. Using HSS
rectangular members as columns were thought about since it would be different having them act as
columns to carry massive loads. Figure 2 shows how the bottom chord could be rotated 90 degrees
where the columns rest on the web of bottom chord and the original bracing members were going to be
double angles. The original design of the trusses can be found on Figure 1 (Note that the truss is not to

scale).

Figure 1: Top Chord & Column Concepts Figure 2: Bottom Chord & Brace Concepts
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While the concepts and style of the truss is different than most trusses, the author felt there wasn’t
enough “signature” behind it. Going back and rethinking about some of the members to use, only WT
members would be used for the top chords (no built up members). This is to give a more simple look to
the top chords and no one would really see the built up member portion since the floor to ceiling height is
18-0” high. Also three of the columns were removed in this design of the trusses because this would give
long spans to the trusses which would help with traffic of the busses as well as make the trusses feel as if
they were more related to the definition of a king post truss. Figure 3 below shows the second design of
the truss for the expansion to Union Station. From here on out within this section, the truss figures are

scaled correctly to the 18’-0” high by 189’-0” long.

Figure 3: 2 Design of Truss

Having long spans, tension rods, and an interesting diagonal bracing in the middle portion of the truss
does make this design interesting to view. However, the author realized that problems could arise with the
long spans from a structural engineering stand point. One problem is the weight from the floors above
could cause a significant deflection which could lead to future problems. Another design was sketched up
(Figure 4) and in this design, the three columns removed were placed back. Also the tension rods were
inverted and now meet at the bottom of a truss because the author wanted to view the rods at a different
perspective. Each tension rod was no longer attached to the web of the WT member at the top and a

plate was used instead for the design.

Figure 4: 3™ Design of Truss
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Realizing that the tension rods look more appealing when they meet at the bottom of a column, the author
finalized this portion of the trusses. When structural calculations were being done on the trusses (Refer to
the structural depth portion of this report), there were three zero force members. Since those members
serve no purpose, the author removed them from the truss and when that happened, the trusses became
more intriguing to look at. Once this took place, the author decided to remove the center column and
replace the double angles with a wide flange shape (Refer to Figure 5 below). All of the following changes

started to make the truss look as if it were a signature expression for the expansion.

-2 P} T ]
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i ~. g P ~ ~. g
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c————— 1

Figure 5: 4™ Design of Truss

To finalize this truss, the tension rods were once again connected to the web of the WT members to
make the connection seem simplified to the viewers’ eye. Figure 6 shows the final design of the truss.
Now that this truss was completed, the author realized that this truss would not work on the inside of the
expansion since the busses must travel and park in their allowed areas. Therefore a new truss would be

created for the interior and the truss already created will be used for the exterior of the building.

. 2| o 2|

Figure 6: Final Exterior Truss Design
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While thinking about what could be used in the interior truss to allow busses to travel under while making
a signature expression, the idea of using curved members that create an arch would came to the author’s
attention. This gives the feeling of openness to the ground floor as well as drawing one’s view to the
trusses giving a sense of intrigue. HSS tubes were selected as the members for the curved for not only
their strength they can carry but as another different steel member used in the trusses that already have

multiple steel shapes within them. Figure 7 below shows the final design for the interior trusses.

Figure 7: Final Interior Truss Design
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Verification of Vehicular Circulation:

With the trusses placed at their desired locations on the ground
floor, making sure the busses can travel and park to unload
passengers is of high importance. From Figure 8 on the right, one
can see the original circulation path used in the expansion to
Union Station and where the trusses are located at. Since Trusses
5 and 6 are the exterior type due to being the ends of the two
structures, this causes a problem with the original circulation. Due
to the tension rods used as braces within the trusses, the busses
will not be able to pass with the clearance height required as well
as park under. Therefore the author proposes a change of the

circulation on the ground floor and the location of the parking

spaces as well.

TRUSS 9

TRUSS 8

STRUCTURE 2 |-

L 1
RS 280 T

.

EXPANSION JOINT

STRUCTUREN | T {
T.RU,SS 3 ' i
A |

— —_—

Figure 8: Existing Vehicular Circulation

Figure 9 on the left indicates the new circulation for the
expansion to Union Station. Instead of just having an exit to H-
Street in Washington DC, an entrance was created as well
which helps reduce the traffic at the main entrance of the entire
building. Allowing an entrance in the expansion gives the
busses the choice to reduce the trip around the building to their
designated parking zone. As for the relocation of the busses
that have issues with Trusses 5 & 6, the areas shaded gray in
Figure 9 show where how six of the eight bus zones can be
moved without causing major problems. At the very bottom right
of the expansion, two of the buses were positioned where some
of the waiting area is, but since more room was created
between the trusses, the author decided to relocate the waiting

terminals which are discussed on the following page.
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Redistribution of Waiting Terminals:

Located next to the MEP Room of the expansion of Union Station (Upper left corner of Figure 8) is where
all of the area for the waiting terminal is located. Now that the circulation and location for the busses has
changed, the author decided to break up the one area into two parts that are now underneath the king
post trusses (refer to Figure 10). This gives the trusses more of a signature expression while the crowd
can notice them while they wait and stare at them through the glass walls that make up the new terminals
(refer to Figure 11). The new floor plan not only helps with the expression of the trusses, but now draws

travelers to want to stay inside the waiting terminals.
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Figure 10: New Ground Floor Plan
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Architectural Breadth Conclusion:

As stated in the previous page, the new floor plan of the expansion to Union Station optimizes the area
while giving the signature expression of the trusses the author wanted to create. Having the waiting
terminals under the trusses helps draw the attention to the trusses but also makes one to believe that this
building was given a custom idea when in the design phase. If given more time for this thesis, the author
would have liked to keep working on the architectural design of the trusses. While they are one of a kind
for the building and do give off a signature look, there could have a better concept for the columns. One
possibility could have been to have two different members act as the columns and join with a creative
connection half way. To view renderings of the trusses and ground floor of the expansion to Union

Station, Refer to the Renderings portion of this report located on page 44.
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LIGHTING BREADTH

Selection of Luminaries to Highlight Trusses:

Acting as a signature expression for the expansion to Union Station, all the trusses should be illuminated
to capture the grand impression each one gives off. Instead of using typical luminaries to highlight the
trusses, the decision to use LEDs was determined by the author because not only do LEDs save energy
and last for a long period of time, but they also gives off a high-performance illumination and beam quality
to emphasis the structure being lit. The author selected the eW Graze Powercore Linear LED strip made
by Philips. Typically the Philips eWs are used for exterior lighting to emphasis a fagade or structure and
since the trusses are part of the structure to Union Station, the LEDs fit the criteria where they are going

to be used.

Each four foot section has forty-eight white LEDs inside that will give off five foot candles at a distance of
eighteen feet (the height of the trusses). Each one of the trusses will have six of the four foot length LED
strips per 31°-6” at the bottom of each one (Refer to Figure 1 to see layout). Note that the LEDs are not
scaled to size in the width direction because the author wants the reader to be able to see how they will
be spaced. Since the two bottom chords of all the trusses are rotate ninety degrees (resting on the web),
the lights within that 31°-6” will be placed within the chord. Having indirect lighting will guide one’s eyes
from the ground to looking up and noticing the trusses within the expansion. Figure 2 below is a picture of

the four foot strip of LEDs and to view the specifications for the lights, refer to Appendix J.

It should be noted to the reader that the LEDs will not be the main lighting system for the bus terminal
area. Only will the LEDs serve the purpose of illuminating the trusses and another system shall be used

to meet the requirements set forth by the IESNA for lighting the bus terminal.

Iy
gl o g
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/‘
A - } .
Figure 1: Typical 31°-6” LED Layout under Trusses Figure 2: eW Graze Powercore 4’ Strip
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llluminance Categories & Required Foot Candles:

Using Chapter 10 of the IESNA book, the required illuminance categories as well as foot candles were
determined. Table 1 below shows each area with the requirements set forth by IESNA. The waiting
terminals have a required fifty foot candles due to the fact that there will be ticket counters within the
areas and according to Figure 2 in Appendix K, a minimum of fifty foot candles is required. All other
remaining illuminance category requirements can be found from Figure 2 for the ground floor and Figure

1 in Appendix K shows the required foot candles for each illuminance category.

Ground Floor of Expansion to Union Station
Area Watlt_lng Restrooms Bu_s Elevators Stairs
Terminal Terminal
Category E B A B B
Foot
Candles = 2 3 . 2

Table 1: llluminance Categories & Foot Candles

Selection of Luminaries for Waiting Terminals:

Since the waiting terminal has been broken into two areas that
are now located within the center of the expansion to Union
Station, the author wanted to use different luminaries than the
existing ones. The Avante recessed direct/indirect lighting
luminarie was selected for each of the waiting terminals. Each
luminarie consists of three T8 32 Watt lamps that create indirect
light which is then reflected as direct lighting from the cover of the

Avante luminarie. This luminarie is suggested using in areas
2 %4 Syrnmetric, SBL

where there is a work space that one has to concentrate on.

Because there are ticket counters in the waiting terminals, this
type of luminaire works sufficiently. Figure 3 on the right shows the Figure 3: Avante 2x4 Luminaire
design of the luminaire and the specifications can be found in

Appendix L.

Page 41 of 131




Joseph W. Wilcher Ill Union Station Expansion
Structural Option Washington DC

Adviser: M. K. Parfitt Final Report: Signature Expression April 7, 2009

Lumen Method for Waiting Terminal:

From Chapter 9 of IESNA, the lumen method design approach was used to calculate the number of
Avante 2x4 luminaries required for the waiting terminal on the left side of the ground floor plan (refer to
Figure 10 on page 36 of the report). The cavity ratios used to determine the required p for the walls, floor,
and ceiling were 80/60/30. These are the numbers typically used when designing for a room with its
criteria. All light loss factors were determined as well based on the assumption the luminaries used are a
category type VI with a clean environment and have a cleaning period of three months. The reason three
months is used is staff may not clean the luminaries every week, but it is safe to assume around every

three months a cleaning will take place.

After all calculations were done, the amount of luminaries required to light the 35-0"x35’-0" waiting
terminal is 10.55. Since a whole number is required, the author decided to select twelve luminaries as the
number for the waiting terminal and this number falls within the ten percent tolerance allowed for the
lumen method. Figure 4 below shows the waiting terminal with its relative ceiling grid, which has 2'x2’
grids, and the location of the twelve Avante luminaries. One can notice that the author has spaced the
luminaries evenly across the entire ceiling plan to evenly distribute the light being generated. To view all

calculations, charts, and diagrams for the waiting terminal, refer to Appendix M.

:
3 TR B |
.

Figure 4: Lighting Layout for Waiting Terminal
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Lighting Breadth Conclusion:

Giving the trusses a separate lighting system than the bus terminal creates a greater impact on how they
are the signature expression for the expansion to Union Station. Using LEDs helps give more of a direct
beam that shots up from the ground and invites one who is one the ground to look up and notice the
trusses. Lighting up each truss gives the feeling of comfort to them as well. Instead of having a dark area
where you cannot see what is happening, making it possible to see the connections and each member of

the trusses make one feel safe when walking, waiting, or riding underneath the trusses.

Creating two separate waiting terminals and putting them under the trusses and giving them new lighting
fixtures draws the travelers who are waiting to come to them and take a rest of this feet. Each of the new
lightning schemes in the waiting terminals brighten up the center of the ground floor to the expansion of

Union Station.

One can argue that the location of the LEDs on the ground could cause problem when the busses need
to pass underneath and park. Recognizing this problem, the author suggests using strong plexus glass

over the top of the LEDs to prevent them from being damaged by a moving vehicle.
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CONCLUSION

All three topics discussed in this thesis; structural, architecture, and lighting were centered about the
trusses. While other concerns were brought up in the two depths (i.e. moving the waiting terminal to a

new location), they impacted on the concept of the trusses as well.

This signature expression does make a significant improvement to the expansion of Union Station and
also meet all the criteria goals set forth by the author (Refer to page 10 to review the goals). As stated in
the structural depth conclusion, the only concern the author has is with the foundation to the expansion.
With more time, the author would have liked to try to redesign the foundation system so it would not be

close to its limit.

One topic not mentioned in this thesis is the cost of creating this signature expression through trusses.
The mezzanine level through the third floor's cost would not be a concern because those floors are
switching from a post-tension floor slab to a composite steel system where the composite system is
cheaper (Refer back to Technical Report Il done by the author). However, the trusses would need
significant time for steel to be erected as well as making sure all the tension members were ready for the
loads from the floors above. Also, the welds the author requested for the plates on the columns would
raise the cost since an extra set of specialized workers would be needed. The author still believes even
though the cost of the expansion could increase and the schedule could take a little longer due to the
trusses, the benefit of having this grand expression in the building would not only mean better business
for the owner, but would give the occupants and travelers something to talk about while in the expansion

to Union Station.
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APPENDIX A: COMPOSITE STEEL STRUCTURAL FLOOR PLANS
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Figure 1: Preliminary Floor Plan for Levels 1% to Roof
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Figure 2: Preliminary Floor Plan for Mezzanine Level
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APPENDIX B: PRELIMINARY COMPOSITE STEEL CALCULATIONS
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COMPOSITE STEEL DECK
Fire Rating (Hours) 2
Concrete (Type) Lightweight
Concrete Unit Weight (pcf) 107 - 118
Concrete Thickness (in) 425
Loading Used (psf) 100
Superimposed Load (psf) 15
Total Load (psf) 115
Deck Thickness (in) 2
Total Floor Thickness (in) 6.25
Weight of Slab (psf) 51
Deck Type 2VLIG

Figure 1: Composite Steel Deck Calculations

Level Roof

Member (Grid Location) 45 Int.

Slab Thickness (in) 525

F(ps) 3000

Length (ft) 49

Tributary Area (ft) 7.875

Dead Load (psf) 0

Super Imposed Load (psf) 15

Live Load (psf) 50

w, (psf) 108

M, (ft-Kip) 254

B assumption (IN) 1.75

Yz (in) 35

Wide Flange Shape (Table 3-19) W21x55

oMy, (ft-Kip) 542

PM, = M, Okay

Plastic Netural Axis Location T

IQ, (Kip) [Table 3-19] 203

Q, (Kip/Studs) [Table 3-21] 171

beft (in) < 47.25 Controls
147

a (in) 1.685

@ < Aggyumption Conservative

# Shear Studs 11.87 120

Total # Shear Studs 240

Load Information

Member Size W21x55
oM, (It-Kip) [Table 3-2] 473
Weancegeen (PE) 42
Wpgam (KipiTt) 0.055
hid we (PST) 20
wor (Kip/ft) 0.386
W (Kip/m) 0.158
w, (Kipfft) 0.7
M, (ft-Kip) 215
oM, 2 M, Okay

Deflection During Construction

/380 1,633
wo (Kipft) 0.386
[ ) 1056
[—T 1140
Imember > huguires Okay
Live Load Deflection
wi (Kip/Tt) 0.158
Iua (in') [Table 3-20] 1770
A (in) 0.388
A < L360 Okay

Total Deflection

Li240 245
Wy (KIpiTt) 0.71
A (in} 1.99
A< Li240 Okay
|Member | w21xs5
|Shear Studs | 240

Calculation 1: Preliminary Roof Composite Steel Beams
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Level 3rd Floor
Member (Grid Location) 49 Int.
Siab Thickness (in) 525
Fe (psi) 3000
Length (ft) 48
Tributary Area (ft) 7.875
Dead Load (psf) 0
Super Imposed Load (psf) 15
Live Load (psf) 50
W (psf) 108
M, (ft-Kip) 254
Bgs3umption (IN) 1.75
Y2 (in) 35
Wide Flange Shape (Table 3-19) W21x55
M (f-Kip) 642
M, = M, Ckay
Plastic Netural Axis Location i
ZQ, (Kip) [Table 3-18] 203
Q, (Kip/Studs) [Table 3-21] 171
beff (in) £ 452
147
a (in) 1,685
A < Bpygumption Conservative
# Shear Studs 11.87
Total # Shear Studs 240

Controls

120

Load Information

Member Size W21x55
@M, (ft-Kip) [Table 3-2] 473
Weonsedecs (PST) 42
Wygam (Kipit) 0.055
Weomtruction ive (PST) 20
wo (Kipfft) 0.386
wu (Kip/ft) 0.158
w, (Kip/tt) 0.71
My (ft-Kip) 215
Mz M, Okay
Deflection During Construction
L/360 1.633
Wo (Kipdt) 0.386
Iracarna (i1} 1056
Imamas (iN") 1140
Imambse > loquiea Otay

Live Load Deflection

Calculation 2: Preliminary 3 Floor Composite Beams

Level 2nd Level
Member (Grid Location) 49 Int.
Siab Thickness (in) 525
Fe (psi) 3000
Length (i) 49
Tributary Area (ft) 7875
Dead Load (psf) Q
Super Imposed Load (psf) 15
Live Load (psf) 60
W (psf) 124
M, (ft-Kip) 292
Bazzumpiion (IN) 1.75
Y2 (in) 35
Wide Flange Shape (Table 3-19) W21x55
M, (ft-Kip) 642
M, = M, Ckay
Plastic Netural Axis Location i
ZQ, (Kip) [Table 3-18] 203
Q, (Kip/Studs) [Table 3-21] 171
beff (in) £ 452
147
a (in) 1,685
A < Bpygumption Conservative
# Shear Studs 11.87
Total # Shear Studs 240

Controls

120

wu (Kip't) 0.158
s {in®) [Table 3-20] 1770
A (in) 0.358
A < /360 Okay
Total Deflection
Li240 245
w, (Kipft) 0.71
4 (i) 159
& < U240 Okay
|Member | wamss |
|Shear Studs | 240 |
Load Information
Member Size W21x55
@M, (ft-Kip) [Table 3-2] 473
Weancagecs (DST) 42
Woaam (KIpHTt) 0,055
Weomtruction ive (PST) 20
wo (Kipfft) 0.386
wu (Kip/ft) 0.158
w,, (Kiptt) 0.71
My (ft-Kip) 215
Mz M, Okay
Deflection During Construction
L/360 1.633
Wo (Kipdt) 0.386
Iracarna (i1} 1056
Imambae (i) 1140
Imember > buquires Okay

Live Load Deflection

Wi (Kipa) 0.158

s (in") [Table 3-20] 1770

A fin) 0.388

A < LI360 Okay

Total Deflection

Li240 245

wy (Kip/t) 0.71

A (in) 199

A < 240 Okay
|Member | wawss |
|Shear Studs | 240 |

Calculation 3: Preliminary 2™ Floor Composite Beams
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Level 15t Level Load Information
(Grid Location) 27.5 Ext Member Size W12x16
Slab Thickness (in) 525 oM, (It-Kip) [Table 3-2] 75.4
Fe (psi) 3000 Weanceanek (PS1) 42
Length (ft) 275 Wheam (KIDT) 0.016
Tributary Area (1) 39375 | W, {psh) 20
Dead Load (psf) 0 Wou (Kip/t) 0.181
Super Imposed Load (psf) 15 [ (Kip/) 0,079
Live Load (psf) 50 w, (Kipift) 0.34
W (psf) 108 M, (-Kip) 32
M, (ft-Kip) 40 M. 2 My Okay
——] 1.25 Deflection During Construction
Ya (in) 4 /360 0.917
Wide Flange Shape (Table 3-19) W12x16 Wou (Kip/T) 0.181
M, (ft-Kip) 13 [ 88
M, 2 M, Okay Imemae (M) 103
Pastic Netural Axis Location 7 e Okay
ZQ, (Kip) [Table 3-19] 58.9 Live Load Deflection
Q, (Kip/Studs) [Table 3-21] 171 Wee (KipiTt) 0.079
— 23625 | Controls Ius (in") [Tabie 3-20] 187
825 A (in) 0177
a (in) 0978 A < /360 Ohay
8 < Bgyzumption Conservative
# Shear Studs 344 40 Total Defl 1
Total # Shear Studs 8.0 L1240 1.375
wy (Kip/ft) 0.34
A (in) 0.85
A < 240 Okay
|Member [ wixis |
|Shear Studs | 20 |

Calculation 4: Preliminary 1% Floor Composite Beams

Level Mezzanine Load Infc
Member (Grid Location) 20' Ext Member Size W1 216
Slab Thickness (in) 525 @M, (ft-Kip) [Table 3-2) 75.4
le (psi) 3000 [Weancsauck (PST) 42
Length (ft) 20 [Wonam (KIp/Tt) 0.016
Tributary Area (ft) 38375 W, we (PSf) 20
Dead Load (psf) 0 o (Kipift) 0,181
Super Imposed Load (psf) 15 i (Kipfft) 0.079
Live Load (psf) 60 w, (Kipift) 0.34
w, (psf) 124 M, (ft-Kip) 17
M, (ft-Kip) 24 M, = My Okay
Baesumption (iN) 1.25 Deflection During Construction
Yz (in) 4 L/360 0.667
[Wide Fiange Shape (Table 3-19) WA2x16 Woy (Kipift) 0.181
(oM, (-Kip) 113 Traqres (7). 34
PMn = M, Okay Imesser (IN") 103
Plastic Netural Axis Location 7 | ':2 ot Chay
IQ, (Kip) [Table 3-18] 589 Live Load Deflection
@, (KiprStuds) [Table 3-21] 171 Wi (KIpVTT) 0079
beft (i) < 23625 | Controls g (in’) [Table 3-20] 197
60 4 (in) 0.050

a (in) 0,578 4 < /360 Okay
8 < Bunmption Conservative
# Shear Studs 3.44 40 Total Deflection
Total # Shear Studs B0 L/240 1

w, (Kipift) 0.34

A (in) 0.24

A < /240 Okay

[Memb: [ wizas |

|Shear Studs | 8.0 |

Calculation 5: Preliminary Mezzanine Composite Beams
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Calculation 7: Preliminary 3" Floor Composite Girders
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Calculation 8: Preliminary 2™ Floor Composite Girders
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Calculation 9: Preliminary 1% Floor Composite Girders
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Calculation 10: Preliminary Mezzanine Composite Girders
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Structure1 Truss 2
P, 669.69 Kips Ry 1160.00 Kips Ry 0 Kips
P, 1125.06 Kips Ry2 2340.00 Kips R 757.94 Kips
P 1125.06 Kips Rys 2140.00 Kips R -757.94 Kips
Py 1125.06 Kips Ry, 75064 Kips R.. 0 Kips
Ps 1125.06 Kips
P 835.23 Kips
P; 388.98 Kips
P1 P4 P5 P6 P7
ﬂ Marmibwar 8 ﬂ Marmibwar 7 L Maarribar B L Mamiber 9 L Murnbsar 10 ﬂ
F F S 3 3
i U : § 5
Mamber 4
T 3 1 |
Rx3
Ry1 Ry3 Ry4
_ P1 Po= 669,69 Kips
I}a Ry = 1160.00 Kips F,= 1160.00 Kips (Compression)
i= -1160.00 Kips (Compression) JL Fl = 490.31 Kips
| iFy= 0.00 —Fc Fa = 860.12 Kips
Fy= 990.06 Kips (Tension)
F ” Fd = -B60.13 Kips (Compression)
F, = 0.00
Ry1 ra IF, = 0.00
P, = 1125.06 Kips
P2 Fg 860.13 Kips (Compression)
F.,= -560.13 Kips (Compression)
i ; F.= -1125.06 Kips (Compression)
Fc-a—i: I—o-Fh IF, = 0.00
IF, = 0.00
-]
F.= 1125.06 Kips (Compression)
Foy= 490.31 Kips
Ed B Fo = 880.13 Kips
Fy = 634.75 Kips
%—ub‘g Fu= 1113.52 Kips
Fi= 1281.73 Kips (Tension)
Fim 253.38 Kips (Tension)
iF, = 0.00
ZF, = 0.00

Calculations 1 through 4: Forces in Truss 2 Members
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P3

Fheo= o Fm

Fi

}J Fj
Fg<o—
=D

Ry2

P4

Fu
Frea— ___ b==Fr F =
E, =

F '\\Fq Iy 2

Fq
Lw Fv
=D

1125.06 Kips
860.13 Kips
634,75 Kips

1113.52 Kips

-1769.81 Kips
-253.38 Kips

(Compression)

(Compression)
(Compression)

[}

ot Bt ) B B W B+ B
S

0.00
0.00

2340.00 Kips
757.94 Kips
253.38 Kips

-1759.81 Kips
-580.19 Kips

-1017.80 Kips

-1171.56 Kips

0.00 Kips

(Tension)
(Compression)

(Compression)

™
n
u

M
5
i

0.00
0.00

1125.06 Kips
-253.285 Kips
-196.3155 Kips
-541.37 Kips
-949.7042 Kips
-580.19 Kips
-1017.803 Kips

0.0
0.50

2140.00 Kips
-757.94 Kips
196.32 Kips
-1598.63 Kips
-541.37 Kips
-849.70 Kips
-1093.17 Kips

(Compression)
(Compression)

(Compression)

0.00
0.00

1125.06 Kips
634.45 Kips
47357 Kips

830.762 Kips

-1598 63 Kips
-196.32 Kips

(Compression)

(Compression)
(Compression)

0.00
0.00

Calculations 5 through 9: Forces in Truss 2 Members
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F. = 835.23 Kips (Compression)
?" F.,= 361.66 Kips
F.= 634.45 Kips
Flz || }("F‘ Fig & 47357 Kips
Fv <— Fee= 830.76 Kips
F= 956.26 Kips (Tension)
Fy= 196.32 Kips (Tension)
——
iF, = 0.00
IF,= 0.00
Pe= 835.23 Kips
Pe F,= -634.45 Kips (Compression)
ﬂ F.= -835.23 Kips (Compression)
i ; F.= 634.45 Kips (Compression)
Fu«n—ql. rl.—u-Fz IF = 0.00
AL IF, = 0.00
]

Bye 388.98 Kips 750.64 Kips
P? Faa ™ 750.64 Kips (Compression) Faa 750,64 Kips (Compression)
ﬂ’ F.= 361.66 Kips e -

F.= 634.45 Kips

F.= 730.29 Kips (Tension) -H_

Fr= -634.45 Kips (Compression)

MM
o
u

0.00
0.00

|

Ry4

Calculations 10 through 13: Forces in Truss 2 Members
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. Jobs N Emest Mo Ry
rﬁ Joseph W. Wilcher Il 1
Sofware Icarsas b PEUAS Fart
Job Titie Ref
By D Fe-00 C
= Fil= Loads.std CebeTme §(-Feb-2009 16:28
Job Information
Emngineer Checked Approved
Mame:
Date: DB-Feb-00
| Structure Type | TRUSS |
Mumber of Modes 13 | Highest Mode 14
Number of Elements 21 | Highest Beam 24
Mumber of Basic Load Cases 1
Mumber of Combination Load Cases 1]
Ingieded in this printout are daiz for:
| an | The Whole Structurs |
Included in this printout are reswlts for load cases:
Type LiC Hame
Primary 1 LOAD
Reactions
Horizontal| Vertical |Horizontal Moment
Node Lc FX FY FZ MX MY MZ
{kim) ikp) (kip) (&ipin} (kipin} (&ipin}
1 1:LOAD 0000 | 1.16E 3 0.000 0.000 0.000 0.000
3 1:LOAD T57.840 | 2.34E 3 0.000 0.000 0.000 0.000
5 1:LOAD -T57.840 | 2.14E 3 0.000 0.000 0.000 0.000
7 1:LOAD 0.000 | T750.641 0.000 0.000 0.000 0.000
Beam End Forces
Sign convenfion is as the achon of the joint on the beam
Axial Shear Torsion Bending
Beam | Mode LiC Fx Fy Fz Mx My Mz
(ki) (kip) (ki) (kiprin} (Kiprin} (Kiprin}
1 2 1:LOAD 257.135 0.000 0.000 0.000 0.000 0.000
3 1:LOAD -2567.135 0.000 0.000 0.000 0.000 0.000
4 ] 1:LOAD 185 B40 0.000 0.000 0.000 0.000 0.000
] 1:LOAD -185 _B40 0.000 0.000 0.000 0.000 0.000
5 ] 1:LOAD 855 _BEO 0.000 0.000 0.000 0.000 0.000
8 110AD -855 560 0.000 (.0oo 0.000 0.000 0.000
] B 1:LOAD 855860 0.000 0.000 0.000 0.000 0.000
10 1:LOAD -B56 _BA&O 0.000 0.000 0.000 0.000 0.000
7 10 1:LOAD 257.135 0.000 0.000 0.000 0.000 0.000
11 1:LOAD 257.135 0.000 0.000 0.000 0.000 0.000

Print Time Diate: 100232003 18: 37

STAAD.Pro for Windows Release 2006

Print Run 1 of 2T
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r€| Joseph W. Wilcher Il T
Sofware Irarsed by PEUAS Fat
Jab Tt Rst
B Dep-Fepls o
= e | oads.sk CaleTime (-Feb-2000 18:28
Beam End Forces Cont...
Axlal Shear Torslon Bending
Beam | Mode Lic Fx Fy Fz Mx My Wz
(bip) (kip) (kip) (kip'in] (kip'n} (kp’in}
] 11 1.LSAD -185.E6<40 0.oDo 0.oDo 0.00o 0.000 g.ooo
12 1.LOAD 186840 0.000 0.000 0.000 0.0oo 0.000
g 12 1.LOAD 632 B0G 0.000 0.000 0.000 0.0oo 0.000
13 1.LSAD -052_800 0.000 0.000 0.000 0.000 0.000
10 13 1LOAD 632 606 0.000 0.000 0000 0000 0.000
14 1.LOAD -632 B0G 0.000 0.000 0.000 0.0oo 0.000
1 1:LoAD 1.18E 2 0.0D0 0.0D0 0.00O 0000 g.ooo
B 1.LOAD 1.18E 3 0.000 0.000 0.000 0.0oo 0.000
2 2 1LOAD 1.13E 3 0.000 0.000 0.000 0.000 0.000
] 1:LOaD -1.13E 2 D.oDo D.oDo 0.o0o o.ooo o.oD0
13 3 1.LOAD 1.78E 3 0.000 0.000 0.000 0.000 0.000
10 1.LOAD 1.78E 3 0.000 0.000 0.000 0.0oo 0.000
5 g 1:LOaD 18E 2 D.oDo D.oDo D.ooo D.ooo o.oD0
12 1.LOAD -18E 3 0.000 0.000 0.000 0.0oo 0.000
Lil B 1LOAD 835230 0.000 0.000 0000 0.ooo 0.000
13 1.LOAD -835.230 0.000 0.000 0.000 0.000 0.000
17 T 1.LOAD TE0.641 0.000 0.000 0.000 0.0oo 0.000
14 1.LOAD -TH0.641 0.000 0.000 0.000 0.000 0.000
B B 1.LOAD -085 738 0.000 0.000 0.000 0.000 0.000
2 1.LOAD 085 738 0.000 0.000 0.000 0.0oo 0.000
2 2 1.LOAD -1.28E 3 0.000 0.000 0.000 0.0oo 0.000
10 1.LOAD 1.28E 3 0.000 0.000 0.000 0.000 0.000
20 3 1.LOAD 1.17E 3 0.000 0.000 0.000 0.000 0.000
11 1.LOAD -1.17E 3 0.000 0.000 0.000 0.0oo 0.000
21 1 1LOAD 11E 3 0.000 0.000 0000 0000 0.000
5 1.LOAD -11E 3 0.000 0.000 0.000 0.0oo 0.000
22 12 1.LOAD -B5 BDY 0.000 0.000 0.000 0.000 0.000
B 1.LOAD a5 508 0.000 0.000 0.000 0.0oo 0.000
s B 1LOAD -T28.851 0.000 0.000 0000 0000 0.000
14 1.LOAD 728851 0.000 0.000 0.000 0.0oo 0.000
24 3 1.LOAD 0.000 0.000 0.000 0.000 0.0oo 0.000
5 1.LOAD 0.000 0.000 0.000 0.000 0.000 0.000
Prine Tima/Ciate: 1000272008 18:37 STAAD. Pro for Windows Release 006 Prirt Fun 2 of 2!

STAAD Output
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Structure1 Truss 2

<
W."nvnh.__.__....... Aﬂm..
w
i
©
Pﬂv:.!.ﬁ:
171
3
£l 2
™
; T3
8 —[

| azidpim | saquiap| | sz | saquap| | aivein | saquap]
Ao "o 2'dd feng d 2 'dd L) "d 2 "dd
feno £ll ) 2t feno £il () 20 fexo £l () *0)
0068+ (sdy) " 00581 (sdny) "l 088l (sdiy) Uit
gl i g1 Ry 91 ks
gL () ") R (1) *(131) gl () ")
[enLiep (2315 WOl L7 BigeL | 1enuew (2815 woi L+ Bie ] [ENUEY [22]S LWOIS |- S[08 L
2572 (sdiy) “did 1572 (sdny) "did 1522 (sdi) "ot
care (sdiv) "d it (sdiv) ‘g SEZ (sdry) ‘g
ot (1) 4 ey (1s3) °4 ay (1) 4
205 (1) °4 205 (154} °4 208 (1s3) °4
Ady(adrhdlesa0 =124 280 Adu(@A4)v859'0 = 404 asn) LENCETLE -l NG EE- ]
€Ll wl4@) wlLy €Ll w3) ey il w3l iy
05 (1s4) 4 0s (1so1) *4 = (1) 4
00062 (=) 3 00062 (1s%) 3 00052 (EE]
slonuoD L€ A% sjouoD  L€Z ] spuoD  L€Z ]
ggL )l 29l kv 991 kav]
0 [zzooagell a0 2200 eell ¢o [z 200 @gel
M |i2ogaloay ) M [B9)12I03Y | M [B21)2108Y |
oS h (un) s 57 [ b oSl
£ 9 £F 9 £r'9
815 () By B (i) By g15
[ 1enuew ee1s wous -1 Bigel | 1enuey [28)s woi4 |-} 2jge ] JENUEY (93]S WO |-| B0 L
SLLAFLM Jaquiajy euL LI laquiapy ey ErEm Jaquiapy jeuL
el () wbua 2l () pbua al (4) pbua
uoissaidwos  LE6SLL (sdiW) "9 uolssaidwon S0'STLL (sdiv) "9 uoissaKiweD 0oLl (sdiv) "9
€l saquiap 4 Jaquaw 18 Isqwap
SNINNTOD

Calculation 1: Preliminary Column Sizes for Truss 2
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I Jaguiap| IEETT Jaguiai| | szusimn | Jaguisi |
Aex0 "dz'dd e "d2tgb Aedo 'dz'dd
feno £hL () 2 (731) Ao £l (1) “*1715) Aeio €L () ¥(1)
0681 (sdiy] “ddy 0581 [sdiv) “ah 0681 (sdiy) “gd
9l 9L Ay oL Ay
gl () (1) alL () (1) al ) “(w)
|ENUB N 18315 WOl L+ 3igeL |ENUEW (23S WOl L+ el |ENUEW [98)S WOl |- 3)geL
l822 (sdiy) “dd LEZ2 (sdi) “dd 1822 (sdi) “dd
=174 (sdiy) "q sepe (sciy) 'd o= 2 (sdiy) g
g (1) °4 8 (1s3) 4 o (183} °4
208 AR 208 (1s%) *4 106 (1) °4
Adu(a4fd)ugca 0 = Ja4 asn Azu(e4/Ad)vecg 0 = Jo4 asn Azu(zdifd)veceD = 104 asn
eLL @y eLl w3 =L ekl =T MVA
08 (1) 4 0s (1) *5 05 (1) 4
00067 (1) 3 00067 (1s%) 3 00067 (1s%) 3
soquon €T Sl slouod L€ A sjonuoD  L'€2 A
g9 1A 9L v 9L eV
5% [zzo-0amqell & 2200 2pell &5 [ezoDaell
M [eoaioay | M [ealj2103u | M [eonaloay |
S [ Sor { oS
€7 0 (L)% €79 {u1) 4 £ 9 ,
815 (i) By 815 (un) by 215 (u) By
|ENUEY |23]5 WL L-| @de] |ENUEW 2215 WDlH L-L @Qe] |ENUE [22]15 WolH L-|. 2|deL
92X LA [ERETTRCIT 9L L XL 1BGUWBN [BUL EYIECAT 1BqUIB 1Bl L
gl () uwBua 8L () wbua gl (W) uiBua
uoissaidwoD k9052 (saiy) "ol uoissaidwon £7°Gee (sdliy) g uoissaidwon €986 (sciy) "g
i1 Jaquisi 9l Iaquiap Gl Iacuwia
SNIAINT0D

Calculation 2: Preliminary Column Sizes for Truss 2 Cont'd
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[IEET Jagwal| | exawn | Jaquap|
AEXO (PIEIA) "d = “gd 2le] (piaix) "d = ‘g
andny  |pee (sdiy) "> amony  [pee (sdiy) “gd
Buipjais L (sdiv) “ad Buipiaip, Lk (sdiy) “dd
£L'6 (u) b EL8 (U
LEX9 LA JERIET LEXILAN 13qUISH
[BNJE)| [23)S WOl |-G 3B L [ENUE| [88)S WOIS |-G BIgeL
9V (un €9 () o
05 (1) "5 0s (1) 4
60 & 60 &
SLE (1) ugBuan gie (1) wBuaT
uolsUal  ZE'96L (sdiv) "g uoisua]  BE'ESE (sdiy) "9
q Jaquwa L JAqUIBIN
SQYOHO WOLLO8

Calculation 3: Preliminary Bottom Chord Sizes for Truss 2
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| soeLxsLinm | Jaguiap| |soeLxsLim | Jaquai | | soeLxsLim | Jaquia|
Ao "d 2 'gd e "d = 'dd i) "d = gb
CZOL (sdiy) Yath czol (sdiy) g czZoL (sdiy) “dth
€6 () [E () & €58 {un) &
Sr i () " ot v (un™ aF v (u) 9
o ERC - SIXy WK SIXy
cle (1) 1 S Le (W) 1 Sl () 15
GOELXSL LM JECET GOELXGL LAY JEENET GOELXSL LA JaqWay
[ENUB W |8215 WolH /- 3|2 ] [EnUER 9815 WOl /- 8|q2 ] [EnUBW |9E)S Wol4 - age ]
LezL (sdiv) Y Lozl (sdiv) "ad Lozl (sdiy) “ad
LokL (sdiy) ‘i Lo (sdiy) “dd Lokl (sdiy) "
1551 (sdiy) g LG54 (sdiy] “d 1551 (sdiy) g
(kg (1) °4 R4 (1) 24 [ (193} 24
ook (1s3) °4 ook (153} °4 ook (1) °4
Adu(24rhd)vgea 0 = 104 asn Adu(a41A4)v859 0 = 104 33N Adu(24/A4)v859 0 = 104 930
el w3 it el I G=T= A ell S GSTE) WA
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00062 (1) 3 00082 (=) 3 00062 (1) 3
soQuRD  CES Ay slouol  CES i slonuol  g'es i
v 2 4 vz Ay vEr v
. [220-02qel] . [z22-0 21qel] . [ezooemel
50 31 [E012109Y | 50 31 12011084 | S0 3 [E03I0aY |
£€5¢€ [OE €S € {u) & £5€ fun
ot (un) or v () *i ar ¢ (U
v'ge (_un) By gt () By b'ag {u) B
[ENUEB [32]S W4 |-| 3|qeL [BNUEJY [98]S W04 L-L g8 L [enuepy 1381S Wwoid L-| a|geL
GO LXGLLM Jaquuspy [eu L GOELXGL LA Jaquia|y [eu L GOELAGL LM [ECTETET
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SAHOHD doL

Calculation 4: Preliminary Top Chord Sizes for Truss 2
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Calculation 5: Preliminary Top Chord Sizes for Truss 2 Cont'd
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Calculation 6: Preliminary Tension Bracing Sizes for Truss 2
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Calculation 7: Preliminary Compression Bracing Sizes for Truss 2
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= Joio b Sreet b .
rﬂ Joseph W. Wilcher Il e
. Sofware Icersad by PEUSE Fart
Jnh TiH= R
B D¥m7Fengs oM
R FilE Truss °, Struzutre © Mer|22=0me 05 Mar 2008 20:28

Job Information

Enginear Chackad Bpproved
Hame:
Date: 27-~eb-00
| Structire Type | SPACE FRAEME |
Mumbe of Nedes 26 | Highest Hode Pui
Kumber of Elzments 25 | Highest Beam 25
Mumiber of Basic Load Cases 1
Mumoe of Comblnation Load Cases 0
Inpluded i thiz printout &ne dats ior
| &n | The Whaole Siructurs |
Inclwded in this printouf are reswls for lbad ceses:
Type L Name
Primary 1 LCaD
Beam Maximum Moments
Distances to maxima are gven from beam end A
Beam | Node A | Length Lic d Max My d Max Mz
[F) {kip'fi) (it} (ki)
1 1 1.845 | 1:LOAD Max -e2 1.000 1.000 0.000
Max 2ve 0,000 1.845 | -G650.586
2 2 1.788 | 1:LOAD Max -e2 1.000
Max sve 2.000 1.786 | -1.22C 2
3 3 1.748 | 1:LOAD Max -e2 0.000
Max sve uuu 1./48 1.41E 3
4 4 1825 | 1:LOAD Max -e2 1.000
Max sve 1.000 1.685| -2.11E 3
] 3 1844 | 1:LOAD Max -v2 1.000
Max sve 1.000 1644 | -245E 3
-] 3 1.500 | 1:LOAD Max e 0,000
Max sve 1.000 1588 -271E 3
T [ 1.538 | 1.LOAD Max -se 0.000
Max sve 1.000 1.538 28E 3
[ 3 1428 | 1:LOAD Max -e2 0.000
Max sve 1.000 1486| -3.04E 3
g a 1438 | 1:LOAD Max -e2 1.000
Max sve 1.000 1436 -3.12E 3
0 10 1401 | 1:LOAD Max -e2 0.000
Max 1w 2.000 1401 2ME 32
1 1.342 | 1:LOAD Max -e2 0.000

Print TimefDate: (3032000 30:36

STAAD Pro for Windows Release 2003

STADD Output for Curved Tension Members

Print Run 1 of2
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- Jols M2 Emaat Ny Ry
rﬂ Joseph W. Wilcher IIl
Eofware licamsed o PEUAE Gl
Job Tz Ref
By BT Fap-00 =]
et 1 Truss 1. Strucutre 1, Mem| == 03 har-2008 20:38

Beam Maximum Moments Cont...

Beam | Node & | Length Lic d Ma= My d Max Mz
(ft) it} (kiprf) #t) (kip'f)

Max +ve 0.000 o.ooo 0.ooo | -3.14E 3

i2 12 1.301 | 1:LOAD Max -ve 0.0o0 0.000
Max +ve 0.000 0.000 0.000 | -3.13E 3

13 13 1.257 | 1:LOAD Mz -ve 0.000 0.000
Max +ve 0.000 0.000 0.000 | -3.07E 3

i4 14 1.222 | 1:LOAD Max -w 0.0o0 0.000
Max +ve 0.000 0.000 0.000 | -286E 3

15 15 1.173 | 1:LOAD Maux -ve 0.000 0.000
Max +ve 0.00o0 0.oo0 0.000 | -285E 3

18 18 1.147 | 1:LOAD Max -ve 0.000 0.000
Max +ve 0.000 0.000 0.000 | -280E 3

7 17 1.105 | 1:LOAD 3 -ve 0.000 0.000
Max +ve 0.000 0.000 0.000 | -251E 3

8 13 1.086 | 1:LOAD Ma -ve 0.000 0.000
Max +ve 0.000 0.000 0.000 2.3E 3

12 19 1.042 | 1:LOAD Mae -ve 0.000 D.000
Max +ve 0.0o0 o.ooo 0.0oo | -207E 3

20 20 1.023 | 1:LOAD Max -ve 0.000 0.000
Mae +ve 0.000 0.000 0.000 1.82E 3

2 2 1.001 | 1:LOAD Mz -ve 0.000 0.000
Max +ve 0.000 0.000 0.000 1.55E 3

2 22 0.880 | 1:LOAD Max -ve 0.000 0.000
Max +ve 0.000 0.000 0.000 1.27E 3

23 23 D.852 | 1:LOAD Max -w 0.000 0.000
Max +ve 0.000 o.0o0 0.000 | -872.861

24 24 0.851 | 1:LOAD Maux -ve 0.000 0.000
Max +ve 0.000 0.000 0.000 | -G665.458
5 25 0.932 | 1:LOAD Max -ve 0.000 0.000 0033 0,000
Max +ve 0.000 0.000 0.000 | -333.251

PFring TimerDue: 02053008 138

STAAD.Pro far Windows Relsase 2008

STADD Output for Curved Tension Members Cont'd

PriniMun 2of 2
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Curved Tension Member Analysis

Moment From
Structure 1 Truss 2 STAAD (ft-Kips) 3144.6]
Member 19 Lever Arm (ft) 11.604|
F (Kips) 640.87| Lookingat1ofthe2  |Angle (Degrees) 30,
F, (Kips) 556.76 Members R, (Kips) 270.99
F, (Kips) 317.38 R (Kips) 313

Preliminary Size | HSS10x0.5
Table 4-5 In Steel Manual

KL (ft 23.42

PPy (Kips) 343 Okay
New Member -

PPn (Kips) =

[Final Member — [Hss10.0x0.500]

Calculation 1: Curved Tension Member Analysis for Truss 2
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APPENDIX F: LATERAL RESISTING SYSTEM CALCULATIONS
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Wind Parameters For Structure 1
Basic Wind | Wind Exposure | Building Importance | Wind Directionality | Topographic

Speed (V) Category Category Factor Factor (Kgq) Factor (Kx)
90 mph B I 1.15 0.85 1
MNumber of | Building Height | N-S Building | E-W Building L/B Along N-S L/B Along E-W
Stories (ft) Length (ft) Length (ft) Direction Direction
5 B88.167 179.50 189.00 0.950 1.05

Table 1: Wind Parameters for Structure 1

Wind P: ters For Strucutre 2
Basic Wind | Wind Exposure Building Importance | Wind Directionality | Topographic
Speed (V) Category Category Factor Factor (Kq) Factor (Ka)
90 mph B 11l 1.15 0.85 1

MNumber of | Building Height | N-S Building | E-W Building L/B Along N-S L/B Along E-W
Stories (ft) Length (ft) Length (ft) Direction Direction
5 88.167 167.00 189.00 0.884 1.13

Table 2: Wind Parameters for Structure 2

Gust Factor: N-S Direction For Structure 1

Stiffness B () L (ft) h (1) c z (i) L
Rigid 189,00 179,50 88.167 03 64,667 0.268
() E L () Q % o G
320 3.0 400 0.82 34 34 0.82

Gust Factor: E-W Direction For Structure 1

Stiffness B (ft) L (ft) h (ft) c z (i) I
Rigid 179.50 189.00 BB.167 03 64,667 0.268
() E L () Q % o G
320 1/3.0 400 0.62 34 34 0.62

Table 3: Gust Factors for Structure 1
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Gust Factor: N-S Direction For Structure 2

Stiffiness B (ft) L (ft) h (ft) c z (ft) I
Rigid 189.00 167.00 88.167 0.3 64.667 0.268
I (ft) € L (M) Q 9o v G
320 1/3.0 400 0.82 3.4 3.4 0.82

Gust Factor: E-W Direction Structure 2

Stiffness B (f) L (ft) h (ft) c z (ft) I
Rigid 167.00 189.00 88.167 03 64667 0.268
I(ft) € Le (ft) Q %o Ov G
320 1730 400 0.82 34 34 0.83

Table 4: Gust Factors for Structure 2

Wind Factors: N-S Direction For Strucutre 1

C, Windward | C,, Leeward | Gust Factor (o GGy

08 -0.5 0.82 +0.18 +0.55

Wind Factors: E-W Direction For Structure 1

C,, Windward | C,, Leeward | Gust Factor GCy GCy

08 0.5 082 +0.18 + 055

Table 5: Wind Factors for Structure 1

Wind Factors: N-S Direction For Structure 2

C,, Windward | C,, Leeward | Gust Factor GCyy GCp

0.8 05 0.82 £0.18 +0.55

Wind Factors: E-W Direction Structure 2

C,, Windward | C,, Leeward | Gust Factor GCpy GGy

08 05 0.83 +018 +0.55

Table 6: Wind Factors for Structure 2

Seismic Parameters For Structure 1
Seismic
s, & | stecues | STV TNENR] g Fv Sus Sui Sos Sor | Design R e
egory Category
0,153 0.05 D III 1.25 1.6 2.4 0.245 0120 0163 0.080 B 3.25 1.8
Roof Dead | Fleor Dead | Snow Load | Wall Load . " Woram
T Ti T, [o W, i e (K L 2 P
a i ] Load (psf) | Load (psf) (psh) (esh oot (KiPS) | Wheor (Kips) (Kips) At () V (Kips)
0.787 134 8 0.0230 175 See Below 19 35 5937 48276 54213 33926 737 1248

Table 7: Seismic Parameters for Structure 1
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Weight of Structure 1

Girders Columns Trusses | Floor Dead -

Level | Siab Bea Wagor (K

S i Bkl W) (ps) (osf) | Load (psp) | VVeeer (IP%)
Roof 51 40 84 3 : 175 5937
3rd Floor 51 ) 84 61 E 236 8006
2nd Floor a1 40 84 82 - 257 8719
1st Floor > 40 84 109 - 284 9635
Mezzazine 51 135 - 132 - 318 10788
Ground 81 = 5 = 247 328 11128
Track Level = = =

Table 8: Weight of Structure 1

Seismic Parameters For Structure 2
Seismic
s, I i Lolod I Fv e St Sos Sor Design R Cu
egory Category
0.153 0.05 D ] 1.25 16 24 0.245 0.120 0.163 0.080 B 3.25 1.7
Roof Dead | Fioor Dead | Snow Load | Wall Load " Wl 2
Ta T T Cs Load (psf) | Load (psf) (psf) ipsf) Wieor (Kips) | Weeer (Kips) (Kips) At Pf) V (Kips)
0.787 1.34 8 0.0230 167 See Below 19 35 5666 46648 52313 33926 737 1204
Table 9: Seismic Parameters for Structure 2
Weight of Structure 2
Girders Columns Trusses | Floor Dead ;
Level Slab Beams Wiger (Kips,
(psf) (psf) (psf) (psf) (os) Load (psf) oor (KipS)
Roof 51 40 76 - - 167 5666
3rd Floor 51 40 76 61 - 228 7735
2nd Floor 51 40 76 B2 - 249 8447
1st Floor 51 40 76 99 - 266 9024
Mezzazine 51 135 - 132 - 318 10788
Ground 81 - - - 233 314 10653
Track Level = = = = = 2 5

Table 9: Weight of Structure 2
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Wind (North-South) For Structure 1

: Tributary L Story Story | Overturning
Level T;;g?}t Area Kz ( q‘n \M(nd.:‘ard ( psf? S Total (psf)] Force Shear Moment
(Feet) P ps (Kips) | (Kips) | (Ft-Kips)
Roof 8817 575 0.95 193 233 185 418 431 431 247 8
3 76.67 115 0.82 18.6 225 185 41.0 171.6 214.7 1730.3
2 65.17 11.5 0.87 17.6 14.8 -10.4 252 3685 5832 63185
1 53,67 11.875 0.82 16.6 13.9 -10.4 243 6246 | 12078 16952.7
Mezzaine | 41.42 151 0.77 156 131 -10.4 235 10150 | 22228 | 428540
Ground 235 1096 0.65 132 11.0 104 215 1015.0 | 22228 | 428540
Track Level| 00 0.0 0.0 0.0 0.0 00 0.0 10150 | 22228 | 428540
Wind (North-South) For Strucutre 1
: Tributary Story Story | Overturning
Level ?:gt‘;‘ Area Ke { qu) m;.;am Le{ pde"a) " total psn| Force | Shear | Moment
(Feet) e (Kips) (Kips) (Ft-Kips)
Roof 8817 575 0.95 193 233 185 418 45.4 454 2612
3 76.67 11.5 0.92 186 225 185 411 1809 2263 18237
2 6517 115 0.87 17.6 148 -10.4 252 388.4 6147 6659.7
1 53.67 11.875 082 16.6 13.9 -10.4 244 6583 | 12731 17868.4
Mezzaine | 41.42 151 0.77 156 131 10,4 235 10700 | 23430 [ 451701
Ground 235 1096 0.65 13.2 111 -10.4 215 1070.0 | 23430 | 451701
Track Level| 00 0.0 0.0 0.0 00 0.0 0.0 10700 | 23430 [ 451701
Calculation 1: Shear & Moment Due to Wind Forces for Structure 1
Wind (North-South) For Structure 2
: Tributary Story Story | Overturning
Level '::e'gt“; Area Ke o W;“""f‘;ard "”(""s‘;;“d Total (psf)| Force | Shear | Moment
(Feet) ps P p (Kips) | (Kips) | (Ft-Kips)
Roof 8817 575 0.95 19.3 233 -18.5 41.8 40.1 40.1 2305
3 76.67 115 082 18.6 225 -18.5 41.0 159.7 199.8 1609.8
2 6517 115 0.87 17.6 14.8 -10.4 252 3428 5426 5878.5
1 53.67 11,875 0.82 16.6 13.9 -10.4 243 581.1 11237 | 157722
Mezzaine | 4142 15.1 0.77 156 13.1 -10.4 235 9443 | 20880 | 398508
Ground 235 10.96 065 132 11.0 -10.4 215 9443 | 20680 | 398s08
Track Level| 00 0.0 00 0.0 0.0 0.0 0.0 9443 | 20680 | 398698
Wind (North-South) For Strucutre 2
< Tributary Story Story | Overturning
Level H: g;; Area Kz % Nn;:;a &l Le%ard Total (psf)| Force Shear Moment
( (Feet) (psh) (psf) ( (Kips) | (Kips) | (Ftkips)
Roof 8817 575 0.95 193 233 -18.5 419 455 455 2615
3 76,67 115 092 186 226 185 411 1811 2266 1826.2
2 65.17 115 0.87 176 148 -10.5 253 3880 615.6 6668 8
1 5367 | 11875 0.82 16.6 14.0 -10.5 24.4 8503 | 12749 | 178934
M e | 4142 15.1 0.77 156 13,1 105 238 10716 | 23465 | 452350
Ground 235 1096 0.65 13.2 11.1 -10.5 215 10716 | 23465 | 45235.0
Track Level| 00 0.0 0.0 00 0.0 0.0 00 10716 | 23465 | 452350

Calculation 2: Shear & Moment Due to Wind Forces for Structure 2
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Seismic For Structure 1

- Tributary : Owverturning

Level  [Height ™) preamy | % | BP) [ voment (ft-Kips)
Roof 8817 575 0.25 316 1815.4
3rdFloor | 76,67 15 0.31 388 76779
2nd Floor 6517 115 0.23 283 229286
1stFloor | 5367 11.875 015 181 30187.6
Mezzanine | 4142 151 0.06 80 484216
Ground 235 10.96 1.00 1248 284216
TrackLevel| 0 0 1.00 1248 484216

Calculation 3: Shear & Moment Due to Seismic Forces for Structure 1

Seismic For Structure 2
Level |Height (f) L’r‘::‘?fg Cox | F(Kips) MOO”‘:;”{;”_‘;(‘?M)
Roof 88.17 5.75 0.25 300 17247
3rd Floor 76.67 11.5 0.31 378 73471
2nd Floor 65.17 11.5 0.23 277 221200
1st Floor 53.67 11.875 0.14 166 29055.3
Mezzazine 41.42 15.1 0.07 84 46603.0
Ground 235 10,96 1.00 1204 46603.0
Track Level (8] 0 1.00 1204 45603.0

Calculation 4: Shear & Moment Due to Seismic Forces for Structure 2
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Brace Frame 1. Structure 1 Brace Frame A. Structure 1
Laval Displacement| Stiffness Laval Displacement | Stiffness
Sk (in) (Kipin) s (in) (Kipfin)
Roof 0.0017 588.24 Roof 0.0022 454 55
3 0.0013 769.23 3 0.0016 6525.00
2 0.0008 1250.00 2 0.0011 909.09
1 0.0005 2000.00 1 0.0006 1666.67
Mezzanine 0.0001 10000.00 Mezzanine 0.0002 2000.00
Total 2921.49 Total 1731.06
Brace Frame 2. Structure 1 Brace Frame B: Structure 1
Displacement| Stiffness Displacement | Stiffness
Level (In) (Kipfin) Level (in) (Kipfin)
Roof 0.0017 588.24 Roof 0.0021 476,19
3 0.0013 769.23 ) 0.0015 666.67
2 0.0008 1111.11 2 0.001 1000.00
1 0.0005 2000.00 1 0.0006 1666.67
Mezzanine 0.0001 10000.00 Mezzanine 0.0002 5000.00
Total 2893.72 Total 1761.90
Brace Frame 3. Structure 2 Brace Frame C; Structure 2
Displacement| Stiffness Displacement | Stiffness
Lol (in) (Kipfin) Lol (i) (Kip/in)
Roof 0.0016 525.00 Roof 0.0021 476.19
3 0.0012 833.33 3 0.0016 6525.00
2 0.0008 1250.00 2 0.001 1000.00
1 0.0004 2500.00 1 0.0006 1666.67
Mezzanine 0.0001 10000.00 Mezzanine 0.0002 5000.00
Total 3041 67 Total 1753.57
Brace Frame 4. Structure 2 Brace Frame D: Structure 2
Displacement| Stiffness Displacement | Stiffness
Leeel (In) (Kipfin) eyl (in) (Kipfin)
Roof 0.0017 588.24 Roof 0.0018 555.56
3 0.0013 769.23 3 0.0014 71429
2 0.0009 1111.11 2 0.0009 1111.11
1 0.0005 2000.00 1 0.0005 2000.00
Mezzanine 0.0002 5000.00 Mezzanine 0.0002 5000.00
Total 189372 Total 1876.19

Calculation 5: Stiffness of Brace Frames
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Story Frame Stiffness: Structure 1 Center of Rigidity

1 2 A B Xg (M) Yr (ft)

Roof 588.24 | 588.24 | 45455 | 47619 ] 9230 88.34

3 769.23 769,23 | 625.00 | 666.67 91.45 88.34

2 1250.00 | 1111.11 | 905.09 | 1000.00] 90.00 83.14

1 2000.00 | 2000.00 | 1666.67| 1666.67| 94.50 88.34
Mezzanine | 10000.00 ] 10000.00{ 5000.00{ 5000.00] 94.50 88.34
Sto Frame Stiffness Structure 2 Center of Rigidity

i 3 4 c D Xa (0) | Yr ()

Roof 625.00 | 588.24 | 476.19 | 55556 | 87.23 79.60

3 833.33 769,23 | 625.00 | 714.29 88.20 78.80

2 1250.00 | 1111.11 [ 1000.00] 1111.11] 89.53 77.26

1 2500.00 | 2000.00 | 1666.67 | 2000.00] 85.91 72.96
Mezzanine | 10000.00] 5000.00 | 5000.00| 5000.00] 94.50 54,72

Calculation 5: Stiffness of Brace Frames

Torsional Moment Due To Wind: Structure 1
Level | Story Force (Kips) | Story Force (Kips) [ &ns | €ew Mis Mew
North-South East-West (ft) ft) (ft-kips) | (ft-kips)
Roof 43.10 45.40 0.00 | -2.20 0.00 -99.77
3 171.60 180.90 0.00 | -3.05 0.00 -551.45
2 368.50 388.40 5.20 | -4.50 | 1914.79 | -1747.80
1 624.60 658.30 0.00 | 0.00 0.00 0.00
Mezzanine 1015.00 1070.00 0.00 | 0.00 0.00 0.00
Torsional Moment Due To Wind: Structure 2
Level Story Force (Kips) | Story Force (Kips) | ens | Sew Mys Mew
North-South East-West (ft) (ft (ft-kips) | (ft-kips)
Roof 40.10 45.50 249 | 727 | 9974 -330.75
3 159.70 181.10 328 | -6.30 | 52435 |-1140.93
2 342.80 388.90 4.83 | -4.97 | 165519 | -1934.27
1 581.10 659.30 9.12 | -8.59 | 5299.86 | -5663.99
| Mezzanine 944.30 1071.60 3.61 | 0.00 | 3411.44 0.00
Taorsional Moment Due To Seismic: Structure 1
: Ens | Bew Mys Mew
Level Story Force (Kips) (M) " (itkips) | (it-kips)
Roof 340.00 0.00 | -2.20 0,00 -747.21
3 418.00 0.00 | -3.05 0.00 -1274.23
2 304.00 520 | -450 | 1579.64 | -1368.00
1 155.00 0.00 | 0.00 0.00 0.00
Mezzanine 86.00 0.00 | 0.00 0.00 0.00
Torsional Moment Due To Seismic: Structure 2
: Ens | BEw Mys Mew
Level Story Force (Kips) " ") (fkips) | (i
Roof :300.00 249 | -7.27 | 746.21 -2180.77
3 378.00 3.28 | -6.30 | 1241.10 | -2381.40
2 277.00 4.83 | -497 | 1337.48 | -1377.71
1 166.00 912 | -8.59 | 1513.98 | -1426.09
Mezzanine 84.00 361 | 0.00 | 303.46 0.00

Calculation 6: Torsional Moment Due to Wind & Seismic on Both Structures
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Wind Direct Forces: Structus

e 1 (N-S Direction)

Wind Direct Forces: Structure 2 (N-S Direction)

Force Force

Roaf L P K (Kips) Roof K P K (Kips)

1 5B8.24 43.10 1176.47 21.55 3 525.00 40.10 1213.24 20.66

2 588,24 4310 1176.47 21.55 4 5868.24 4010 1213.24 19.44

Total 4310 Total 40.10

Wind Direct Forces: Structure 1 (E-W Direction) Wind Direct Forces: Structure 2 (E-W Direction)

Force Force

Roof ¥ —P K (Kips) Roof K P K Kips)
A 454.55 45.40 930.74 2217 C 476.19 45.50 1031.75 21.00 |

B 476.18 45.40 930.74 23.23 D 555.56 45.50 1031.75 24.50

Total 45.40 Total 45.50

Wind Direct Forces: Structu

re 1 (N-S Direction)

Wind Direct Forces: Structure 2 (N-S Direction)

Force Force
3rd Floor K P K (Kips) 3rd Floor K P K, (Kips)
1 769.23 171.60 1538 45 85.80 3 B33.33 159.70 1602.56 B83.04
2 768.23 171.60 1538.46 85.80 4 769.23 159.70 1602.56 76.66
Total 171.60 Total 159.70
Wind Direct Forces: Structure 1 (E-W Direction) Wind Direct Forces: Structure 2 (E-W Direction)
Force Force
K
3rd Floor K P IK, (Kips) 3rd Floor “| P K, (Ki
A 625.00 180.80 1291.67 87.53 C 625.00 181.10 1339.29 B84.51
B B666.67 180.90 1291.67 93.37 D 714.29 181.10 1339.29 96.59
Total 180.90 Total 181.10
Wind Direct Forces: Structure 1 (N-S Direction) Wind Direct Forces: Structure 2 (N-5 Direction)
Force Force
2nd Flool P i : 2nd Floor = K, >
| K (Kips) K : {Kips)
1 1250.00 368.50 2361.11 195.09 3 1250.00 342.80 2361.11 161.48
2 1111.11 368.50 2361.11 173.41 4 1111.11 34280 2361.11 161.32
Total 368.50 Taotal 342.80
Wind Direct Forces: Structure 1 (E-W Direction) Wind Direct Forces: Structure 2 (E-W Direction)
Force Force
K,
2nd Floor K P K {Kips) 2nd Floor i P K, (Ki
A 909.09 388.40 1909.09 18495 C 1000.00 | 388.90 2111.11 184,22
B 1000.00 | 388.40 1909.09 203.45 D 1111.11 388.90 2111.11 204 68
Total 388.40 Total 388,90
Wind Direct Forces: Structure 1 (N-S Direction) Wind Direct Forces: Structure 2 (N-S Direction)
Force Force
1st Floor K P K (Kips) 1st Floor 1 P K, (K
1 2000.00 | 62460 4000.00 31230 3 2500.00 | 581.10 4500.00 32283
2 2000.00 | 62460 4000.00 312.30 4 2000.00 | 581.10 4500.00 208.27
Total 624.60 Total 581.10
Wind Direct Forces: Structure 1 (E-W Direction) ‘Wind Direct Forces: Structure 2 (E-W Direction)
Force Force
1st Floor K P K Ki 1st Floor K P IK, (Ki
A 1666.67 | 658.30 3333.33 329.15 C 1666.67 | 659.30 3666.67 299.68
B 1666.67 | 65830 3333.33 29.15 D 2000.00 | 659.30 366667 354.62
Tota 658.30 Total 659,30
Wind Direct Forces: Structure 1 (N-S Direction) Wind Direct Forces: Structure 2 {N-S Direction)
Force . Force
Mezzariine K P b1 : Mezzanine P K| ;
i K (Kips) | K ; (Kips)
1 10000.00 | 1015.00 20000.00 507.50 3 10000.00 | 944.30 15000.00 629.53
2 10000.00 | 1015.00 20000.00 507.50 4 5000.00 | 944.30 15000.00 31477
Total 1015.00 Total 94430
‘Wind Direct Forces: Structure 1 (E-W Direction) Wind Direct Forces. Structure 2 (E-W Direction)
Force . Force
K
Mezzanine K P IK (Kips) Mezzanine | P K, (Kips
A 5000.00 | 1070.00 10000.00 535.00 C ©000.00 | 1071.60 10000.00 539.80
B 5000.00 | 1070.00 10000.00 535.00 D 5000.00 | 1071.60 10000.00 535.80
Total 1070.00 Total 1071.60

Calculation 7: Direct Forces Due to Wind on Both Structures
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Seismic Direct Forces: Structure 1 (N-S Direction) Seismic Direct Forces: Structure 2 (N-S Direction)

Force Force
Roof P b1 i Roof P K, !
4 > (Kips) o ' (Kips)
1 588.24 340.00 1176.47 170.00 3 625.00 300.00 1213.24 154.55
2 588.24 340.00 1176.47 170.00 4 588.24 300.00 1213.24 14545
Total 340.00 Total 300.00
Seismic Direct Forces: Structure 1 (E-W Direction) Seismic Direct Forces: Structure 2 (E-W Direction)
Force Force
Roof P I Roof P K
00 K Ky (Ki oo K | (Ki
A 454.55 340.00 930.74 166.05 [ 476.19 300.00 1031.75 138.46
B 47619 340.00 930.74 173.85 D 559.56 300.00 1031.75 1651.54
Total 340.00 Total 300.00
Seismic Direct Forces: Structure 1 (N-5 Direction) Seismic Direct Forces: Structure 2 (N-S Direction)
Force Force
3rd Floor K P b1 ! 3rd Floor K P K| !
Bt A ) S )
1 769.23 418.00 1538.46 209.00 3 833.33 378.00 1602.56 156.56
2 769.23 418.00 1538.46 209.00 4 769.23 378.00 1602.56 18144
— Total 418.00 — Total 378.00
Seismic Direct Forces: Structure 1 (E-W Direction) ismic Direct Forces: Structure 2 (E-W Direction)
Force Force
K
3rd Floar Ky P K (Kips) | 3rd Floor Ky P K, (Ki
A 625.00 418.00 1291.67 202.26 C 625.00 378.00 1339.29 176.40
B 656.67 418.00 1201.67 215.74 D 714.29 378.00 1339.29 201.60
Total 418.00 Total 378.00
Seismic Direct Forces: Structure 1 (N-S Direction) Seismic Direct Forces: Structure 2 (N-S Direction)
Force Force
P bi 3K
2nd Floor K K Kips) 2nd Floor K P ! Kips)
1 1250.00 | 30400 2361.11 160.94 3 1250.00 | 277.00 2361.11 146.65
2 1111.11 | 304.00 2361.11 143.08 4 111111 | 277.00 2361.11 130.35
Total 304.00 Tatal 277.00
Seismic Direct Forces: Structure 1 (E-W Direction) Seismic Direct Forces: Structure 2 (E-W Direction)
Force Force
d Fl K, P I nd Fl K, P K
2nd Floor K Ky (Kips) 2nd Floor i } (Kips)
A 209.08 304.00 1909.09 144.76 ] 1000.00 | 277.00 2111.11 131.21
B 1000.00 | 30400 1909.09 159.24 D 1111.11 | 277.00 2111.11 145.79
Total 304.00 Total 277.00
Direct Forces: Structure 1 (N-S Direction) Seismic Direct Forces: Structure 2 (N-S Direction)
Force Force
1st Floor Ky P bi / 1st Floor P K :
i (Kips) i : (Kips)
1 2000.00 | 195.00 4000.00 97.50 3 2500.00 | 166.00 4500.00 92.22
2 2000.00 | 195.00 4000.00 97.50 4 2000.00 | 166.00 4500.00 73.78
Total 195.00 Total 166.00
Seismic Direct Forces. Structure 1 (E-W Direction) Seismic Direct Forces: Structure 2 (E-W Direction)
Force Force
1st Floor K P K {Kips) 1st Floor Ki = I, K
A 1666.67 | 19500 3333.33 97.50 [} 1666.67 | 166.00 3666.67 75.45
B 1666.67 | 19500 3333.33 97.50 8] 2000.00 | 166.00 3666.67 20.55
Total 195.00 Total 166.00
Seismic Direct Forces: Structure 1 (N-S Direction) Seismic Direct Forces: Structure 2 (M-S Direction)
Force : Force
Mezzanine K P K {Kips) Mezzanine K P K, (Ki
1 10000.00 86.00 20000.00 43.00 3 1000000 84.00 15000.00 56.00
2 10000.00| B6.00 20000.00 43.00 4 5000.00 84.00 15000.00 28.00
Total 86.00 Total 84.00
Seismic Direct Forces: Structure 1 (E-W Direction) Seismic Direct Forces: Structure 2 (E-W Direction)
Force z Force
Mezzanine K P b1 ; Mezzanine K P K| ;
: i (Kips) : ! (Kips)
A 5000.00 86.00 10000.00 43.00 C 5000.00 84.00 10000.00 42.00
B 2000.00 86.00 10000.00 43.00 D 5000.00 84.00 10000.00 42.00
Total 86.00 Total 84.00

Calculation 8: Direct Forces Due to Seismic on Both Structures
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Contralling Wind Drift: Frame 1 Cs ‘Wind Drift. Frame A
Allowable Story Drift (in) | Total Drift |  ASowable Totad Drift (in) Allowable Stoey Drift (in) | Total Drift | Allowable Total Drift (in)
5 | et || Duma= i " Duma = HCO | vagry || Owuzh0 | i Ouma = 800
Roof 11.500 0041 | < [ 0345 I 0509 | <] 184 | A Roaf 11,500 0078 | <] o0 A 0681 [<]| 194
3rd 11.500 0049 | < | 0345 | Acceptabie | 0488 | < | 1595 [ Acce 3rd 11.500 0094 | <] 0345 | Acceptable | 0602 [<] 1595 | Acceptable
2nd 11.500 0140 | <] 0345 | Acceptable | 0419 | < | 1.25 | Acceplable 2nd 11.500 0161 | < | 0345 | Acceptable 508 | <] 125 | Acceptable
1st 12250 0.150 < | 0368 | Acceptable 0.278 < | 0905 | Acceptable 18t 12250 0161 < | 0368 | Acceptable 0.347 <| 0905 | Acceptable
17.617 0128 | < | 0536 | A 0120 | < | 05375 17.917 0186 | < | 0538 | A 86 | < | 05315
Contralling Wind Crift: Frame 2 Cs ‘Wind Drift. Frame B
Story Story | Story Drft |  Allowable Story Deift {in) | Tatal Drift | Atiowable Total Drift (in) Story Story | Story Dritt |  Allowable Story Drift (in) | Total Drift | Allowable Total Drift {in)
Height () | (in) Dl = H/400 (i) Diyg = HI400 Heigh () | (in) Dyg = HI400 (i) Ding = HI400
Roof 11.500 0042 | < | 0345 | Acceptabie | 0514 | < | 194 | Acceptable Rool 11.500 0075 | < | 0345 | Acceptable | 0674 [«
Srd 11.500 0.050 < | 0345 | Acceptable 0.472 < | 1595 | Acceptable 3rd 11.500 0.089 < | 0345 | Acceptable 0,589 <
2nd 11.500 0136 | < | 0345 0.421 <] 125 | A 2nd 11.500 0161 | < | 0345 | Acceptable [ 0510 [ <
1st 12250 0147 | <] n3ss I 0285 | < | 0905 | Accep 1st 12250 0160 | < | 0368 | Accer 0348 [«
Mezzanine | 17817 0139 | < | 0538 | Acceptable | 0139 | < | 05375 [ Acceptable Mezzanine | 17.917 0188 | <] 0538 | Acceptable | 0188 [ <
Table 1: Drift Results for Structure 1 Due to Wind
[ Wind Crift. Frame 3 Controlling Wind Drift. Frame C
i Aliowable Story Onft (in) | Total Drift | Allowable Total Dt (in} Allowable Story Drift (in) | Total Drift | Aliowabse Total Drift (in)
5 | vret | o Duea = Hid00 ) D = Hi400 5| g | o o Bogd 5D
Roof 11.500 0036 | <] 0345 0480 | <] 1204 I Roaf 11.500 0075 | < | 0.345 0881 | <] 154 | A
3rd 11.500 0045 | < | 0345 T 0453 | < | 1585 I ard 11.500 0090 | <[ 0345 | Acceptable | 0606 [<| 1595 | Acceptable
2nd 11.500 0135 | < | 0345 0408 [ <] 125 2nd 11.500 0161 | < | 0345 0517 | <] 125
1st 12.250 0145 | < | 0368 ble | 0273 | < | 0905 | Acceptable st 12.250 01680 | < [ 0368 | Acceptable | 0356 | <] 0905 | Acceptable
Mezzanine | 17.917 0127 | <] 0538 | Acceptable | 0127 | < [ 05375] Acceptable Mezzanine | 17917 0196 | < | 0538 | Acceptable | 0186 |<[05375] Acceptable
Controlling Wind Drift: Frame 4 Controlling Wind Orift: Frame O
Story Story | Story Drift|  Allowabie Story Drift (in) Total Drift | Alowable Total Drift (in) Story Story | Story Drift | - Allowabie Story Drift (in) Total Drift | - Aliowable Total Drift (in)
Height (f) | (i) Dlng = HI400 {in) Dlyng = HI400 Height (f) | (in) Dins = HI400 (in) = HI400
Rool 11.500 34 < 45 | Acceptable 0.477 < 184 | Acceptable Roof 11.500 060 < | 0345 | Acceptabie D677 < 1.04) Acceptable
3rd 11.500 a1 | < | Do T D443 | < | 1508 T 3d 11,500 079 _| < | 034 : 0617 | <| 1585 "
2nd 11.500 B | =< 45 0402 | <] 125 2nd 11.500 166 | < | 0345 0538 [<| 1.29]
1st 12250 0122 | < | 0368 I 0282 | < | 0905 T 1st 12 250 0168 | < | 038 T 0372 |<| o0s05] I
Mezzanine | 17.917 0160 | < | 0538 | Acceptable | 0180 | < [ 05375 ! Mezzanine | 17.917 0204 | < | 0538 I 0.204 | < | 0637s5] I
Table 2: Drift Results for Structure 2 Due to Wind
Controlling Seismic Drift: Frame 1 Controlling Seismic Drift: Frame A
Mllowable Story Deift (in) | Total Drift | Allowabie Story Drift (in) ANowable Story Drift (in) | Total Drift | Allowakie Story Dnft (in)
Story H:?"vm &0;1‘?“" Degmune = 0.020hy, {in} Dagamnc = 0.020hy, SE Ha%mn} sm?«n?m Dgexsane = 0.020h,, (i) Dsasnc = 0.020h,,
Roaf 11.500 0128 | < | 0230 I 0738 | <] 1203 | A Roaf 11.500 0197 | <[ 0230 | Acceptable | 0832 [ <] 1.293 | Acce
3rd 11.500 0140 | < | 0230 | Acceptable | 0608 | < | 1063 | Acceptable Ard 11.500 0152 | < | 0230 0735 |<| 1063 | Acceptable
2nd 11.500 0201 | « | 0230 | Acceptable | 0458 | < | 0833 | Acceptable 2nd 11.500 0218 | < | 0230 | Acceptable | 0544 [ <] 0833 | Acceptabie
1st 12.250 0189 | < | 0245 | Acceptabte | 0269 | < | 0603 | Acceptable 1st 12.250 0217 | <] 0245 | Acceptable | 0326 [ <] 0603 | Acceptable
Mezzanine| 17.917 0080 < | 0.358 | Acceptable 0080 < | 0358 | Acceptable Mezzaning| 17.917 0110 < | 0.358 | Acceplable 0110 <| 0358 | Acceplable
Controlling Seismic Drift: Frame 2 Controlling Seismic Drift: Frame B
Story Story | StoryDan [ Allowable Story Deft (in) | Tot21 Drift | ajigwable Story Drift (in) Story Story | Story Drift| Asowable Story Drift (in) | Tot2l Dt | asowatie Story Drift (in)
Height i) | (in) Daeisue = 0.020he {in) Dseisunc = 0.020hs Height (f) | (in} Dsgssase = 0.020hs (in) Dsesac = 0.020h,
Rool 11.500 0.127 < | 0230 | Acceptable 0.74; < | 1283 | Acceptable Rool 11.500 193 < | 0.230 | Acceptable 927 <| 1293 | Acceplable
3d 11500 | 0143 | < | 0230 I 0616 | < | 1063 3rd 11.500 186 | < | 0230 T 734 | <] 1063 E
2nd 11.500 0198 | < | D230 0.47: <[ 0833 [ A 2nd 11.500 218 | < | 0230 548 | <| 0833
1st 12 250 0188 | < | 0245 I 0273 | < | 0603 [ 1st 12.250 0216 | < | 0.245 £ 0330 | <| 0503 £
Mezzanine | 17817 0085 | <] 0358 | Acceptabie | 0085 | < | 0358 | Acceptable Mezzanine| 17.917 0114 | < ] 0358 | Acceptable | 0114 [ <] 0358 | Acceptabie

Table 3: Drift Results for Structure 1 Due to Seismic
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Cortrolling Seismic Drift: Frame 3 Controlling Seismic Drift Frame C
Aowable Story Drift (in) | Total Drift | Allowable Story Drift (in) i Aliowable Story Drift (in) | Total Drift | Allowable Story Dnft (in)
N Hﬂ?:lwﬂﬂ} 31ﬂ{r?ﬂru}umlt Dessane = 0.020hy, {in} Dissaane = 0.020hy, Sy ,_hz?'wm S'O::-‘;]D"n Dagisase = 0.020h,, (in) Dasrsuic = 0.020h,,
Roof 11.500 0.110 < | 0230 i 0653 < | 1299 Roof 11.500 0,163 < | 0230 | A 0,781 <| 1.283
3rd 11.500 0.126 = | 0230 | Acceptable 0.543 = | 1063 | Acceptable 3rd 11.500 0,157 < | 0230 | Acceptable 0.618 <] 1.063 | Acceptable
2nd 11.500 0.183 < | 0.230 | Acceptable 0418 < | 0.833 | Acceplable 2nd 11.500 0.184 = | 0230 | Acceplable 0.461 = | 0833 Acceplable
st 12250 | 0171 | < ]| 0245 | Acceptable | 0235 | < | 0603 bie st 12250 | 0182 | < | 0245 | Acceptable | 0277 |<| 0603 | Acceptable |
Mezzanine| 17.917 0.064 = | 0358 | Acceptable 0.064 < | 0358 | Acceptable Mezzanine| 17917 0.095 < | 0358 | Acceptable 0095 | <] 035 | Acceplable
Cortrolling Seismic Crift: Frame 4 Controlling Seismic Drift Frame D
Story Stary | Story Drift |  Aowable Story Drift (in) | TotI Drift | apcwabie Story Drift (in) Story Story | Story Drint | Allowable Story Drift (in) | ToRI DAt | syowabile Story Drift (in)
Height (1) | (in) Desssuic = 00200 (i) Dassssuc = 00200, Height () | (in) Dasssanc = 0.0200us (i) Dasssanc = 0.020Ne
Roof 11.500 0103 < | 0230 | Acceptable 0 641 < | 1293 | Acceptable Rool 11.500 149 < | 0230 | Acceptable 774 | <] 1293 [ Acceptable
ard 11,500 6117 | < | 0230 I 0538 | < | 1063 I 3rd 11500 147 | <[ 0230 625 [<| 1063 £
2nd 11.500 0167 < | 0230 0.421 < | 0833 2nd 11.500 189 < | 0.230 . 478 < | 0833
18t 12.250 0153 | < | 0246 I 0253 | < [ 0603 : 15t 12250 | 0185 | < | 0245 £ 0289 | <| 0503 L
Mezzanine | 17.917 0.100 < | 0358 | Acceptable 0100 = | 0358 | Acceptable Mezzanine [ 17917 0.104 < | 0358 | Acceptable 0.104 = | 0.358 Acceplable

Table 4: Drift Results for Structure 2 Due to Seismic
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Pin Plate Connections To Columns [Truss 1 Structure 1]

Pin Plate Connections To Columns [Truss 1 Structure 1]

Member 15 K Member 16 K
Colurmn 10 | 01] 0113 0.2 Column 10 | a 01]  0119] 0.2
R, (Kips} 255.82 | Q 5 58] 5.635) 6.02 Ry (Kips) 328.56 | Q 5 58| 5.664| 6.02
t (in) 1.125 1, (in) 125
Table 8-5 From Steel Manual Table 8-5 From Steel Manual
Angle (deg) 60| Angle (deg) 60|
1{in) 10| I {in) 10.5f
i (in} 1.125| i {in) 1.25|
kK (in) 0.113] (i) 0119
H (in) 0 o (in) 0
al (in) 0 al (in) 1]
a 4] a 0
C 5.635] C 5.664)
Cy 1 Cy 1
@ 075 @ 075
Draguires 6.05 . Dregures 7.37 11"
DM DM

Fillet Weld Limitations Fillet Weld Limitations

Max Size: t; = 1/4" Max Size: t; = 1/4"

L, (in 1167 [ 17 L, (in 11167 [ 19|
Dlees = Ly | Ckay Disee = b | Okay

Min Length: Ly = 4, Min Length: Lows = #,,
Lweld (in) 10| Lweld (in) 10.5]
a4, (in) 4.25 41, (in) 4.75)
Luvaia Z 4tw Okay | Luvgia = At Okay |
[ Use a 7/16" ETOXX Fillet Weld Use a BM6" ETOXX Fillet Weld

Around Plate Perimeter Around Plate Perimeter

Pin Flate Connections To Columis [Truss 1 Structure 1] Pin Plate C: 18 To Columns [Truss 1 Structure 1]

Member 19 k Member 20 k
Column 13 I 01]  0.119] 0.2 Column 13 | a o1  0113] 0.2
Ry (Kips) 175.21 Lo 556]  5664| 6.02 Ry (Kips) 13559 | o 558) 5635 6.02
t, (in} 1.25 t, (in) 1125
Table 8-6 From Steel Manual | Table 8-6 From Steel Manual
Angle (deg) 60 Angle (deg) 60
1 {in) 10;‘ 1 {in) 10|
K {in) 1.25| K (in) 1.125]
k(in) 0.119) K (in) 0.113)
xl (in) 0 xl (in) 0
al (in) 0} al (in) 0
a 0 a 0
C 5.664) C 5.635]
Cy 1 Cy 1
® 075 ? 075
Dhaguires 393 116" Dreqares an 1HE"
DM Dlﬂld

Fillet Weld Limitations Fillet Weld Limitations

Max Size: 1, 2 1/4" Max Size: t, 2 14"

t, (in 1/167) | 19 t, (in 11167 | 17]
Duses = be Okay T Okay

Min Length: Lyyg 2 4t Min Length: Ly 2 4,
Lweld (in) 10.5] Lweld {in) 10)
4t (in) 4.75| 4t (in) 4.25)
Loeia = 4ty Okay Lo 2 4ty Okay

Use a 416" ET0XX Fillet Weld
Around Plate Perimeter

Use a 416" ETOXX Fillet Weld
Around Plate Perimeter

Calculation 10: Plate Connection to Column
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Pin Plate Connections To Columns [Truss 2 Structure 1]

Pin Plate Connections To Columns [Truss 2 Structure 1]

Member 15 L Member 16 i
Colurmn 10 | a o0i]  0107] 0.2 Column 10 | a oi]  oam| 0.2]
R, (Kips) 495.03 [ o 558  5611| 6.02] R, (Kips) 642,37 [ o 558] 5671 6.02]
1 (in) 1.5 1o (in} 175
Table 8-6 From Steel Manual Table &-6 From Steel Manual |
Angle (deg) 50| Angle (deg) 0]
1 {ir) 14 | (i) 14 5]
K (in) 1.5] i (in) 1.75]
k (in) 0107 k (in) 0121
¥l (in) 0] [l (in) 0]
&l (in) 0 al {in) 0]
a 0] 3 0f
C 5611 |-C 5.671
Cy 1 = 1
@ 075 @ 075
Drsquees 840 e Dnqusd 1082 g
Dises Disaa
Fillet Weld Limitations Fillet Weld Limitations
Max Size: f, 2 1/4" Max Size: t, = 1/4"
t, (in 11167 | 23 t, (in 1716") | 27
Disee S b Okay Disea S by | Ckay
Min Length: Leg = 4, Min Length: Lyeg 2 4t
Lweld (in) 14 Lweld {in) 14 5|
ax,, (in) 5.75| a1, (in) 6.75|
[ Okay Lieta 2 4L, Chay
Use a 9/16" E70XX Fillet Weld Use a 11/16" ET0XX Fillet Weld
Around Plate Perimeter Around Plate Perimeter
Pin Plate Cor To Columns [Truss 2 Structure 1] Pin Plate Connections To Columns [Truss 2 Structure 1]
Member 19 k Member 20 k |
Calumn 13 | a 01 0107 0.2 Column 13 | = 01] o107 0.2]
R (Kips) 478.13 | o 558] 5611 6.02] R, (Kips) 36515 | o 558]  5611] 6.02]
1, (in) 15 t, (in) 1.5
Table B-5 From Steel Manual Table 8-6 From Steel Manual
Angle (deg) 60| Angle (deg) 60
| {in} 14 I{in) 14,
K {in) 1.5] W (in} 1.5
k (in} 0,107 K (in) 0.107
x (in) 0 % (in) ]
al (in) 0} al (in} 0
a 0} a 0
c 5611 C 5611
C, 1 o 1
@ 0.75 @ 075
Drgarse 1 Disguirea 620 .
Dises a Disea
Fillet Weld Limitatiors Fillet Weld Limitations
Max Size: t, 2 1/4" Max Size: t, 2 114"
L, (n 17167 | 23 L. (in 1/167) | 23
Dissea S be Okay Dlusea S by Ohay
Min LENGth: Lo  4t,, Min Length: Ly 2 4t
Lweld (in) 14 Lweld (in) 14
a,, (in) 575 2t (in) 5.75
Loaie = 4ty Chay | st = 8, Okay

Use a 8/16" ET0XX Fillet Weld
Around Plate Perimeter

Use a 76" E70XX Fillet Weld
Around Flate Perimeter

Calculation 11: Plate Connection to Column Cont'd
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[Pin Plate Connections To Columns [Truss 3 Structure 1]

Pin Plate Connections To Columns [Truss 3 Structure 1]

Member 15 k Member 16 K
Column 10 | a 01]  o0121] 0.2) Calumn 10 a 0] 0a21] 0.2
Ry (Kips) 515.25 | o 558]  5671| 6.02 R, (Kips) 682 66 0 558]  5671| 602
t, (in) 1.75 tp (in) 1.75
Table 8-6 From Steel Manual Table 8-6 From Steel Manual |
Angle (deg) [ Angle (deg) 50|
| {in) 145 1 {in) 145
K (in) 1.75 K (in) 1.75]
K (in) 0.121 K (in) 0.121
x (in) 0 o (in) 0}
al {in) 0 al (in) 0
a 0 a 0
7] 5671 C 5671
= 1 Cy 1
P 075 @ 075
Disquesd 835 e Draguires 11.07
gt Disea 12

Fillet Weld Limitations Fillet Weld Limitations

Max Size: t, = 1/4" Max Size: t, = 1/4"

t, (in 17167 | 27 t, (in 1/16") | 27
Dlusea < by Chay Dusee < b Okay

Min Length: Ly 2 4t Min Length: Lys 2 4%,
Lweld (in) 145 Lweld (in) 14 5]
4t (in) 675 4, (in) 5.75)
Lyia 2 4 Cheay Lvaid 2 4t Okay |

Use a 916" ETOXX Fillet Weld Use a 1216" ETOXX Fillet Weld
Around Plate Perimeter Around Plate Perimeter
Pin Piate Connections To Columns [Truss 3 Structure 1] [Pin Piate Connections To Columns [Truss 3 Structure 1]
Member 19 K Member 20 K
Column 13 [ a 01 o12] 0.2 Column 13 a o1 0129] 0.2
R, (Kips) 68265 | o 558]  5671| 6.02 R, (Kips) 51525 0 558  5671| 6.02
s (in) 175 s (in) 1.75
Table B-6 From Steel Manual | Table 8-6 From Steel Manual |
Angle (deg) 50| Angle (deg) 60|
| {in) 14 5| | {in) 14 5|
K (in) 1.75] Kl (in) 1.75]
K {in) 0.121 K (in) 0121
x (in) 1] I (in) 1]
al {in) 0| al {in) 0|
a 0 a 0
c 5671 c 5671
c 1 = 1
] 075 ] 075
Dinqures no7 e Dinqures 835
Dlusad 12 Dlused 9
Fillet Weld Limitations Fillet Weld Limitations
Max Size: t, 2 1/4" Max Size: t, = 1/4"
1, (in 1/167) | 27 t, (in 1/167) | 27
Clused = b Okay Dluses S by Okay
Min Length: Lyeg 2 4t Min Length: Lyeq 2 4t,

Lweld (i} 145| Lweld {in) 145
(i) .75 A, (in) 675
Lot = 4ty Okay [ Ckay

Use a 1216" ETOXX Fillet Weld
Arourd Plate Perimeter

Use a 816" ETOXX Fillet Weld
Around Plate Perimeter

Calculation 12: Plate Connection to Column Cont'd
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Pin Plate Connections To Columns [Truss 4 Structure 1]

Pin Piate Connections To Columns [Truss 4 Structure 1]

Member 15 kK Member 16 kK
Column 10 a o1  0118] 0.2 Column 10 | a o1  0125] 0.2
R, (Kips) 926.15 0 558) 5650 6.02 R, (Kips) 1208.12 [ o 558] 5690 6.02
t (in) 2125 tp (in) 2375
Table 8-6 From Steel Manual Table 8-6 From Steel Manual
Angle (deq) &0 Angle (deg) G0
| (in) 18 | (in) 19
W (in) 2125 W (in) 2375
k {in) 0.118 K (in) 0.125
xl (in) 0 « (in) 0
al {in) 0 al {in) 0
a 0 a 0
Cc 5.659 C 5.690
Cy 1 Cy 1
] 075 1] 075
Drequired 215 Dhsgai 1490
Dises 13 Dipsea 1
Fillet Weld Limitations. Fillet Weld Limitations.
Max Size: t, = 1/4" Max Size: t, = 1/4"
1, (in 1/167) | 33 L, (in 11167 | 37
Dyges S by | Cray Dyges = by | Cray
Min Length’ Ly 2 4ty Min Length: Lywg 2 4ty
Lweld (in) 18 Lweld (in) 19
Aty (in) B.25 4t (in) 825
Lowia 2 4t Okay Lomia 2 At Okay
Usea 1311 5;22”:;“?'::‘“” Use a Full Penitration Weld
Fin Plate Connections To Columns [Truss 4 Structure 1) Fin Plate Connections To Columns [Truss 4 Structure 1]
Member 19 K Member 20 k
Column 13 a 01 o12g] 0.2 Column 13 [ a 01 o011g] 0.2
Ry (Kips) 1238.42 0 558] 5690 6.02] R (Kips) 89786 o 558] 5850 6.02
& (in) 2375 tg (in) 2125
Table B-5 From Steel Manual Table 8-6 From Steel Manual
Angle (deg) 60| Angle (deg) 50
| {in) 18| | {in) 18
 {in) 2375 i (in) 2125
k (in) 0.125] k (i) 0.118
i (in) 1] I {in) 0
al {in) 0 al (in) 0
a 0 2 0
C 5,680 C 5.659
cy 1 Gy 1
@ 075 @ 0.75
Dyaquirad 15.27 116" Dyaguired 1175 116"
Dsnd 16 Dissed 12
Fillet Weld Limitations Fillet Weld Limitations
Max Size: t, = 1/4" Max Size: t, = 1/4"
, (in 1/167) I 37 L, (in 1716 [ 33
Duasa < by | Ckay Dusea < b | Ckay
Min Length: Lywg = 4l Min Length: Ly 2 4,
Lweld {in) 19| Lweld {in} 18|
a, (in) 25| 4, (in) 625
Leis 2 A Okay | [ Ckay
Use a Full Penitration Weid Use a 12/16" ET0XX Fillet Weld

Around Plate Perimeter

Calculation 13: Plate Connection to Column Cont'd
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Pin Plate Connections To Columns [Truss 5 Structure 1]

Fin Plate Connections To Columns [Truss 5 Structure 1]

Member 15 k Member 16 k
Column 10 | = 01 0113 0.2 Column 10 I o1 04119 0.2
R, (Kips) 219.4 [ o 5.58] 5.635) 6.02 Ry (Kips) 287 | o 558]  5.664| 6.02
tp (in) 1.125 t, (in) 1.25
Table 8-6 From Steel Manual Table 8-6 From Steel Manual
Angle (deg) 60) Angle (deg) 60|
I {in) 10| | {in) 10.5]
K (in) 1.125 K (in) 1.25)
K (in) 0.113 K {in) 0.119|
o (in) 0 xl {in) 0
al (in) 0 al {in) 0
a 0 a 0
[¢] 5.635| c 5.664]
c, 1 c, 1
[+ 0.75 (] 0.75
Draquired 519 e Droqursa 643
Disea Dised

Fillet Weld Limitations Fillet Weld Limitations

Max Size: t, = 144" Max Size: t, 2 1/4"

t, (in 1/16") | 17] t,, (in 1/16") | 19|
Dlusea S b | Okay Disses S b | Okay

Min Length: Ly 2 4, Min Length: L = 4t
Lweld (in) 10 Lweld (in) 10.5]
4t,, (in) 4,25 4t,, (in) 475
e Ckay Loie 2 4, Okay |

Use a B/16" ET0XX Fillet Weld Use a 7/16" ETOXX Fillet Weld
Around Plate Perimeter Around Plate Perimeter
Pin Plate Ci To Columns [Truss 5 Structure 1] Pin Plate Connections To Columns [Truss 5 Structure 1]

Member 19 k Member 20 k
Column 13 I 01]  0.119] 0.2 Column 13 | a 01 0107 0.2
R, (Kips) 222.48 Lo 558] 5664 6.02 R (Kips) 16317 | o 558]  5611| 6.02
t (in) 1.25 1 (in) 1.125
Table 8-6 From Steel Manual | Table 8-6 From Steel Manual
Angle (deg) sgl Angle (deg) 60
| {in) 10.5] I {in) 105
i (in) 1.25 W (i) 1.125]
K {in) 0.119] k {in) 0.107]
xl (in) 0 xd (in) 0
al {in) 0| al (in) 0
a 0 a 0
[ 5.664) c 5.611
Cy 1 Cy 1
® 075 ? 075
Dhraguires 499 116" Drequired 369 118"
DM Dulld

Fillet Weld L Fillet Weld Limitations

Max Size: t, = 1/4" Max Size: t, 2 1/4"

t, (in 1/167) | 19| t, (in 1/16") | 17]
Disea & Ly Olay Disea Sty I Okay

Min Length: Lyg 2 4t,, Min Length: L 2 4t
Lweld (in) 10.5] Lweld (in} 10.5)
4ty (in) 475 4, (in) 425
Lol 2 4to Okay Luvwia 2 Aty Okay

Use a 616" ETOXX Fillet Weld
Around Plate Peri

Use a 4/16" EFOXX Fillet Weld
Around Plate Penmeter

Calculation 14: Plate Connection to Column Cont'd
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Pin Flate Connections To Columns [Truss & Structure 2]

Pin Plate Connections To Columns [Tru

555 6 Structure 2]

Member 15 k Member 16 K
Column 10 a 01| 0113 0.2 Column 10 | _a o1  0131] 02
R, (Kips) 271.15 0 5.58] 5635 6.02 R, (Kips) 357.79 [ o 558] 571§ 602
tg (in) 1.125 1 (in) 1.375
Table 8-5 From Steel Manual Table 8-6 From Steel Manual
Angle {deg) 60 Angle (deg) 60
1{in) 10 | {in) 105
K (in} 1.125 K {in) 1.375
K (in) 0.113] k (in) 0.131
¥ (in) 0 (i) 0
al (in) 0 al {in) 0]
a 0| a 0
[ 5.635) <] 5.716]
Cy 1 c, 1
@ 075 @ 075
Draguired 642 e [ — 795 e
Disse 7 Diass 8

Fillet Weld Limitations Fillet Weld Limitations

Max Size: {, = 1/4" Max Size: 1, = 1/4"

t. (in 116" | 17] t, (in 1/167) | 21
Dhsea S b | okay Dused S b | oray

Min Length: Lywa = 9 Min Length: Lo 2 4t
Lweld (in) 10 Lweld (in) 10.5
4t (in) 4,25 4t (in) 525
Lovaia = 4, Okay Lywsa = 4t Okay

Use a 7/16" E70XX Fillet Weld Use a B/16" E70XX Fillet Weld
Around Plate Perimeter Around Plate Perimeter
Pin Plate Connections To Colurmns [Truss 6 Structure 2] Fin Plate Connections To Columns [Truss 6 Structure 2]

Member 19 k | Member 20 K
Column 13 a 01 0131 0.2| Column 13 [ a 01 0113] 0.2]
R, (Kips) 357.79 0 5.58] 5716 5.02| Ry, (Kips) 27115 | o 558 5635 6.02
ts (in) 1.375 I (in) 1925
Table 8-5 From Steel Manual Table 8-6 From Steel Manual
Angle (deg) 60) Angle (deg) 60|
| {in) 10.5 | {in) 10|
K (in) 1.375 Kl (in) 1.125]
K (in) 0.131 k (in) 0.113)
w (in) 0 «l (in) 0
al {in) 0 al (i) 0
a 0 a 0
C 5.716] c 5.635)
Cy 1 Cy 1
@ 075 ® 075
Draquires 7.95 » Drequirsa 642 .
Dus 5 118 Do 5 118

Fillet Weld Limitations Fillet Weld Limitations

Max Size: t, = 1/4" Max Size: t, = 1/4"

L, (in 116 | 21 t, (in 1/167) | 17|
Dusea S b | Okay Dussa S b | Okey

Min Length: Ly = 4%, Min Length: Ly = 4,
Lweld (in) 10.5 Lweld (in) 10)
4t (in) 525 4t (in) 425
Lowia Z 4ty Okay Lowia 2 4ty Okay

Use a 816" ET0XX Fillet Weld
Around Flate Perimeter

Use a BME" ET0XX Fillet Weld
Around Plate Perimeter

Calculation 15: Plate Connection to Column Cont'd

Page 107 of 131




Joseph W. Wilcher Ill

Structural Option

Adviser: M. K. Parfitt

Final Report: Signature Expression

Union Station Expansion

Washington DC

April 7, 2009

Pin Plate Connections To Columns [Truss 7 Structure 2

Fin Plate Connections To Columns [Truss 7 Structure 2]

Member 15 k Member 16 K
Column 10 | 01 o121] 0.2 Column 10 01] 0121 0.2
R, (Kips) 505.975 [ o s558] 5671 6.02 R, (Kips) 692.37 558] 5671 6.02
1, (in) 175 1, (in) 175
Table 8-6 From Steel Manual Table 8-6 From Steel Manual |
Angle (deg) &0 Angle (deg) 50|
1 {in) 14,5 I {in) 14.5)|
Ki (in) 1.75] K {in) 1.75
K (in) 0121 K (in) 0121
w (in) 0] x| (in) 0
al (in) 0] al {in} 0
a 0 a 0
C 5.671 c 5671
Cy 1 Cy 1
P 0.75 ] 075
Drequires 820 " Drequres 1.23 -
B g W16 Do 1 e
Fillet Weld Limitations Fillet Weld Limitations
Max Size: 1, = 1/4" Max Size: t, = 1/4"
, (in 1/167) | 27 t, (in 1/16") [ 27
Dusea S tw | Okay Dsoa S L | Oy
Min Length: Ly 2 4, Min Length: Losia 2 4ty
Lweld (in) 145 Lweld (in) 14.5)
4t,, (in) 6.75 4, (in) 6.75
Lowia 2 4ty Okay Loas 2 Okay
Use a 916" ET0XX Fillet Weld Use a 12/16" ET0XX Fillet Weid
Around Flate Perimeter Around Plate Perimeter
Pin Plate Connections To Columns [Truss 7 Structure 2] Pin Plate Connections To Columns [Truss 7 Structure 2]
Member 19 3 Member 20 3
Column 13 | a 01]  0121] 0.2 Column 13 01  o0az| 02
R (Kips) 606.2 | o 5.58] 5671 6.02 R, (Kips) 460.735 5.58 5.671| 6.02
1, (i) 1.75 t, (in) 1.75
Table 8-6 From Steel Manual Table 8-6 From Steel Manual
Angle (deg) 60 Angle (deg) 80|
1 (in) 145 I {in) 14.5|
H (in) 1.75 K (i) 1.75|
k (in) 0.121 k (in) 0.121
® (i) 0 (i) 4]
al (in) 0 al {in) 0
a 0 a 0]
& 5.671 C 5.671
Gy 1 [+ 1
@ 0.75 @ 075
Drequres 9.83 " Dragured 7.47 i
D 10 116 Do a 118
Fillet Weld Limitations Fillet Weld Limitations
Max Size: t, = 1/4" Max Size t, = 1/4"
& (in 1716") I 27 4, (in 1/16") [ 27
Dises © b |  Okay Duses S by |  Okay
Min LENGth: Ly = 4L, [ Min Length Lo = 41,
Lweld (in) 145 Lweld (in) T 14.5|
4, (in) 675 4t (in) 6.75]
Loia = 4Ly, Okay Lvess = 4ty Okay

Use a 10/16" E70XX Fillet Weld
Around Plate Perimeter

Use a 816" ET0XX Fillet Weld
Around Plate Perimeter

Calculation 16: Plate Connection to Column Cont'd
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Pin Plate Connections To Colurmns [Truss & Structure 2]

Pin Plate Connections To Columns [Truss 8 Structure 2]

Member 15 k | Member 16 K
Column 10 [ a 01 o121 0.2| Column 10 a 01 0121 0.2]
R, (Kips) 497 525 | o 5.58] 5671 5.02| Ry, (Kips) 634.21 0 558 5671 6.02
ts (in) 175 I (in) 175
Table 8-5 From Steel Manual Table 8-6 From Steel Manual
Angle (deg) 60) Angle (deg) 60|
| {in) 145 | {in) 14,5
K (in) 1,75 K (in) 1.75]
K (in) 0.121 K (in) 0121
w (in) 0 «l (in) 8]
al {in) 0 al (i) 0
a 0 a 0
C 5.671 c 5.671
Cy 1 Cy 1
-] 075 (] 075
Dreguired 807 » Drequies 10.28 .
Dus 118 Do 1 118
Fillet Weld Limitations Fillet Weld Limitations
Max Size: t, = 1/4" Max Size: t, = 1/4"
1, (in 11167 | 27] t,, (in 116" | 27
Dusea S t | Okay Duses S b | Okay
Min Length: Lyug = 4, Min Length: Lygg = 4,
Lweld (in) 145 Lweld (in) 14.5
4t (in) 675 4t (in) 675
Lowia Z 4ty Okay Lowia 2 4ty Okay
Use a 916" ET0XX Fillet Weld Use a 11/116" ETOXX Fillet Weld
Around Flate Perimeter Around Flate Perimeter
Pin Plate Cannections To Columns [Truss 8 Structure 2] Pin Plate Connections To Columns [Truss 8 Structure 2]
Memiber 19 K Memiber 20 k
Column 13 [ a 01]  o107] 0.2 Column 13 [ a 01]  o107] 0.2
Ry (Kips) 4353 [ o 558] 5611 602 Ry, (Kips) 33332 [ o 558 5811 602
t, (in) 1.5 t, (in) 15
Table 8-8 Fram Steel Manual Table 8-8 From Steel Manual
Angle {deg) 60) Angle (deg) 60
1 {in) 14| I {in) 14
K (in) 1.5 K (in) 1.5
K (in) 0.107] K (in) 0.107]
A (in) 0 A (in) 0
al (in) 0| al (in) 0
a 0 a 0
C 5.611 C 5.611
(&5 1 g, 1
P 0.75 ] 0.75
Drequred 7.39 1HE" Dhrequirsa 566 116"
DM Dlnld
Fillet Weld Limitations Fillet Weld Limitations
Max Size: t, 2 1/4" Max Size: {, = 144"
& (in 1716") | 23| L, (in 1/16") | 23
Disea Sty Ohkay Diaed 5 by I Chay
Min Length: Lyga = 4ty Min Length: Lygia = 4ty
Lweld (in) 14| Lweld (in) 14
4, (in) 5.75) 4, (in) 575
Loeia Z 4L, Ckay | Lovaid Z 4y Ckay |

Use a 816" EFOXX Fillet Weld
Around Plate Perimeter

Use a 6/16" ET0XX Fillet Weld
Around Plate Perimeter

Calculation 17: Plate Connection to Column Cont'd
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Pin Plate Connections To Colurmns [Truss 8 Structure 2]

Pin Plate Connections To Columns [Truss 8 Structure 2]

Member 15 k Member 16 k
Column 10 [ a of  ooes 0.1 Column 10 of  oos3 0.1
R, (Kips) 31.335 | o 5.15] 5.508| 558 Ry, (Kips) 4153 5.15] 5.508| 558
ts (in) 075 I (in) 0.75
Table 8-5 From Steel Manual Table 8-6 From Steel Manual
Angle (deg) 60) Angle (deg) 60|
| {in) 9 | {in) 9
K (in) 075 K (in) 0.75
K (in) 0.083 k {in) 0.083]
w (in) 0 «l (in) 8]
al {in) 0 al (i) 0
a 0 a 0
C 5.508 c 5.508)
Cy 1 Cy 1
-] 075 (] 075
Dreguired 084 » Drequies 112 .
Dus 118 Do 5 118
Fillet Weld Limitations Fillet Weld Limitations
Max Size: t, = 1/4" Max Size: t, = 1/4"
1, (in 11167 | 11 t,, (in 116" | 11
Dusea S t | Okay Duses S b | Okay
Min Length: Lug = 4, Min Length: Lygg = 4,
Lweld (in) 9 Lweld (in) 9
4t (in) 275 4t,, (in) 275
Lowia Z 4ty Okay Lowia 2 4ty Okay
Use a 1/16" ET0XX Fillet Weld Use a 2/16" E70XX Fillet Weld
Around Flate Perimeter Around Flate Perimeter
Pin Plate Connections To Columns [Truss 8 Structure 2] Fin Plate Connections To Columns [Truss 9 Structure 2]
Member 19 k Member 20 K
Column 13 [ a of  oos3] 01 Column 13 of o083 0.1
R, (Kips) 4153 [ o 515]  s508] 558 R, (Kips) 31.335 515] 5508 558
t, (i) 075 t, (in) 0.75
Table 8- From Steel Manual Table 8-6 From Steel Manual
Angle (deg) 60) Angle (deg) 60
1{in) 9 1 {in} 9
K (in) 0.75 K (in) 0.75
K (in} 0.083] k (in) 0.083
A (i) 0 (i) 0
al (in) 0] al (in} 0
a 0 a 0
C 5.508) C 5.508
ey 1 &3 1
P 075 ] 075
Orecparns 112 i Draquies 0.84 o
Dos 116 Doy 1116
Fillet Weld Limitations Fillet Weld Limitations
Max Size: t, = 1/4" Max Size: t, = 1/4"
L, (in 1/16") | 11 L, (in 1/16") | 1
Digea S by I Ohkay Dusea < b Clay
Min Length: Ly = 4t Min Length: Luga 2 4t
Lweld (in) 9 Lweld (in) 9
41, {in) 275 4, (in) 275
Luveia 2 4 Ohay Loss Z 4ty Okay

Use a 2/16" E7OXX Fillet Weld
Around Plate Perimet

Use a 116" ETOXX Fillet Weld
Around Flate Perimeter

Calculation 18: Plate Connection to Column Cont'd
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Gusset Plate Info Bottom Chord Info Brace Member Info
h (in) 30 |Member W16x31 |Member W14x257
w (in) 55 tw (In) 0.275| tw (in) 1.18
t (in) 2,25 ty (in) 0.44] t (in) 1.89
F, (ksi) 38| Fy (ksi) 50 Fy (ksi) 50
F, (ksi) 58| F, (ksi) 65 Fy (ksi) 85
I(in) 35.625| d (in) 18.5 Ag (in") 75.6
[Balt Type A490N
@ (i) 1
@ Ry (Kips) a5.3
% (in) 1.75
i 10
Tables 1 through 3: Heavy Brace Member Information
Angles: Gusset Plate to Brace Angles: Gusset Plate to Column
Members 2L8x6x3/4 LLBB Members 2L6x6x3/8
L (in) Refer to Drawing L (in) 235
t (in) 0.75 t (in) 0.75
F, (ksi) 38 F, (ksi) 36
F, (ksi) 58 Fy (ksi) 58
Bolt Type A4GON Bolt Type A325N
@ (in) 1 @ (in) 718
9 R, (Kips) 35.3 P R, (Kips) 216
Weld Size - Ay (in) 0.601
Ag (i) 19,88 Weld Size (in) 516
Tables 4 & 5: Heavy Brace Member Information Cont’d
Determine Load Distrabution
a(in) Weel2 (in) a(in) dy (in) ey (in) e, (in) B = hgpaf2 (in) @ (Deg) tan @ a-Btand eptand-e, r(in)
1 275 28.5 0 0 0 15 62| 1.87824 0.00 0.00 3221
No Moments Exist
Py (Kips) Ve (Kips) | He (Kips) [V, (Kips) Hy (Kips)
§17.45] 28758 0.00 0.00 546.39|

Calculation 19: Uniform Force Method
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Brace Member to Double Angle C cti
Wide Flange Limit States
Tension Yielding Tension Rupture Block Shear
Ag (in) 756 A, (i) 74.2725] a (in) 2
|P.Kips] 517.45 % (in) 75| L(n) )
9R, (Kips) 3402 Okay [L(in) 36| 10 Bolts [T/2 (in) 5
U 0.951388889) L (in) 118
7 70.66203125) Ag, (in") 44,84
A (in') 54.26] Corlrols | (1) 36.20
@R, (Kips) 3132 675|Okay A (IN7) 434
0.6F An 1489.90
0.6F A 1345.20] Controls
UpeFuB 281.86
R, (Kips) 122029  Okay
Bolts (Shear, Bearing, & Tearout)
Bolt Shear Bearing of Wide Flange Bearing On Angles
9R, (Kips) | 353] 1Bot [p24Fitd, | 138.068] 1Bolt |92 4F.td | 156.6] 1 Balt
Tearout Flange Web (1) Tearout Flange Other (2-10) Tearout Angles Edge (10)
L (in) | 1.46875] L (in) | 2.9375] L (in) | 148875
@1.2F Lt | 101.3878] 1Bot [@12F.Lt, | 202775625 1Bolt [91.2F.Lt | 115.003125] 1 Bolt
Tearout Angles Other {1-8)
L. (in) 29375
@1 2F, Lt 230.0063] 1 Bolt
Bolt 1 353 13806 156.6 101.39] 23001
Bolt 2 353 13806 156.6 s0z78] 23001
Bolt 3 353]  138.08| 156.6 20278] 23001
[Bolt 4 353 13806 156.6 20278] 230,01
[Bait 5 353 13806 156.6 20278] 23001
[Boits 353]  138.08] 156.6 20278] 23001
[Bolt 7 35.3] 13806 156.6 20278] 230,01
[Ecit e 353  138.08] 156 6 20z78] 23001
Bolt 9 353]  138.08] 156.6 20278] 23001
Bolt 10 353 138,06 156.6 20278]  115.00
[9R (Kips) 706[0kay |
Double Angle Limit States
Tension Yielding Tension Rupture Block Shear
A, (in%) 19.88] Both [A.(in%) 19.03625 a (in) 2
[P, Kips) 17 45 X (in) 255 L (in) 38
9R, (Kips) 715.68] Okay |L(n) 36[10 Balts  |LL/2 (in) 55
U 0929166667 t (in) 075
R 17 68764896 Ag, (i) 28.50
A (in) 16.895] Controls |Aw, () 25.86
I9R,, (Kips] 735063] Okay |Pw (M) 5.08
0.6F A 830.31
0.6F A, 615.60] Controls
UpsF oA 29453
PRy (Kips) 682.60] Okay

Calculation 20: Brace Member to Double Angle Connection Limit States
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Double Angle Connection From Brace Member to Gusset Plate
Double Angle Limit States
Tension Yielding Tension Rupture Block Shear
Ag (in) 19.88 Both A, (in%) 18.1925 a(in) 3]
|P. ips) 617.45 % (in) 255 L (in} 27
@R, (Kips) 715.68 Okay L (in) 24 9 SL2 (in) 275
u 0.89375| Use 0.9 [t (in) 0.75
5 16.37325] Controls [Ag, (in%) 40,50
A (In7) T
16.898 Ay (I07) 22.36]
9Rx (Kips) 735063| Okay |Aw (im) 1.78)
0.6FuAnmy 778.11] Controls
0.6F Ay 874.80|
UpsF ey 103.31
PR, (Kips) 661.06] Okay
Baolts (Shear, Bearing, & Tearout)
Bolt Shear Bearing On Angles Bearing On Gusset Plate
oR,, (Kips) [ 353  1Bolt  [|p2.4Ftd | 156.6[1 Bait ta < tp : Orly Check Angles
Tearout Angie (1) Tearout Angle Other (2-8) Tearout Gusset Edge (9)
L. (in) [ 146875 L (in) 1.9375] L (in) [ 1.468e75]
1 2F Lt | 57.50156] 1 2F Lt 75.85313) 91 2F Lt | 1725047
Tearout Gusset Cther (1-8)
Le(in) 1.9375
@1.2F Lt 227.5594
Balt 1 353 156.6 - 57.50 227.56
Bolt 2 35.3 156.6 75.85]  227.56
Balt 3 35.3 156.6 75.85 227.56
|Balt 4 35.3 156.6 - 75.85 227.56
Bolt 5 353 156.6 - 7585 227.56
Bolt 6 353 156.6 75.85 227.56
Baolt 7 35.3 156.6 75.85 227.56
Balt 8 353 156.6 - 75.85] 227.56
Bolt 9 35.3 156.6 - 75.85| 17250
PR, (Kips) 6354 Chay
Gusset Plate Limit States
Tension Yielding Tension Rupture Block Shear
A, (in") 80.15625 A, (in%) 30.5625 Ag (in") 29 53125]
P, (Kips) 617.45 P, (Kips) 617.45 Aey (i07) 16.24219)|
PRy, (Kips) 4184.156 Okay PRy, (Kips) 1320.469] Okay [Aw(iM) 4640625
0.6FuAm 565.2281| Controls
0.6F Ay G37.875]
UpgF Ry 269.1563]
[9R. (Kips] | 6257883] Okay

Calculation 21: Brace Double Angles to Gusset Plate Limit States
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Gusset Plate to Column Connection
Shear Stresses In Bolts Avaible Tensile Strength Per Baolt Calculate ry
T, (ksi) 29.9059] F (ksi) 50.10] <90ksi |r. (Kips) | 0[No Prying
i, (Kips) | 22.58357426]
Weld Limit States
Using Table 10-2 In Manual
n B L (in) | 23.5] |weld Size (in) | 5116]
Py (Kips) 287 .58
PR, (Kips) 338| Olay
Double Angle Limit States
Shear Yield Shear Rupture Block Shear
Ay, () [ 17625 Anv (in2) | 11.625) Ag, (i) 35,25
gR,(Kips) | 68526 Okay |gR,(Kips) | 303.4125] Okay [A,, (in) 24,00
] 3.86
0.6F A, 835.20
0.6F Agy 761.40] Controls
UnsFufei 223,62
PR, (Kips) 73876] Okay
Bolts (Shear, Bearing, & Tearout)
Bolt Shear Bearing on Angles Bearing On Column
9R, (Kips) | 218] 1Bott [p24Ftd, | 685125 1Bok ta < tc : Only Check Angles
Tearout Angle (1) Tearout Angle Other (2-8) Tearout Column Edge (8)
L (in) [ 103125] 1Bott [Lc(in) | 20625] 1Bolt |L(in) | 103125] 1Bolt
p1.2F Lt | 4037344| @1 2F Lt | 80.746875] P1.2F Lt | 45 2460938
Tearout Column Cther (1-7)
L (in) 20625] 1Balt
p1.2F Lt 90.49219)
Bolt 1 216 58.51 - 40.37 90.49
Bolt 2 21.6] 68.51 - B0.75 90.49
Bolt 3 218 58,51 - 80.75 90.49
Bolt 4 218 68.51 - 80.75 90.49
Bolt § 21.6] 68.51 - BO.75 90.49
|Ecit6 218 68,51 - BO.75 90.49
|Bott 7 216 68.51 - 80.75 4525
9Ry (Kips) 3024] Okay

Calculation 22:

Gusset Plate to Column Limit States
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Page 115 of 131




Joseph W. Wilcher Ill
Structural Option

Adviser: M. K. Parfitt

Final Report: Signature Expression

Union Station Expansion

Washington DC

April 7, 2009

STRUCTURE 1 TRUSS 1
Maribor 1 Maribor 2 Marmbar 3 Marribar 4 Marribar Marnbi 6
= | = . - = T =
o 2 = a e 2| 4
{ by
| ﬂ% W ﬂ-““ N,‘ |
% |
| Mamber T |
Member 1 WT15x95.5 Member & WT 15x95.5 Member 11 Widx159 Member 16 (2) 3" Dia. Rod
Member 2 WT15x85.5 Member 7 W1Bx31 Member 12 W1dx159 Member 17 W14x257
Member 3 WT20x2515 Member 8 WiEx31 Member 13 W14x59 Member 18 W1dx257
Member 4 WT20x251.5 Member 9 W14x99 Member 14 W1 45D Member 19 (2) 3" Dia. Rod
Member 5 WT15x85.5 Member 10 W14x99 Member 15 (2) 2° Dia. Rod Member 20 (2) 2" Dia. Rod
STRUCTURE 1 TRUSS 2
Mermber 1 Marmber 2 Marmbar 3 Marmber 4 Marmibar 5 Member &
i
- ® ® = <1 b T ®
E g “ > i
Marmibar 7 Marmbor B
Member 1 WT 15x130.5 Member & WT15x130.5 Member 11 W14x176 Member 16 | (2) HSS10x0.50
Member 2 WT15x130.5 Member 7 Wi1Ex31 Member 12 W1dx176 Member 17 | (2) HSS10x0.50
Member 3 WT15%130.5 Member 8 Wigx31 Member 13 W1ax176 Member 18 | (2) HSS10x0.50
Member 4 WT15x130.5 Member 9 W1dx176 Member 14 | W14x176 Member 19| (2) HSS10x0.50
Member § WT15x130.5 Member 10 Widx176 Member 15 | (2) HSS10x0.50 Member 20 | (2) HSS10x0.50
STRUCTURE 1 TRUSS 3
Marnber 1 Marmber 5 Member 6
- : » =
g Member B g
Member 1 WT 15x146 Member 6 WT15x146 Member 11 W1dx193 Member 16 | (2) HSS10x0.50
Member 2 WT15x146 Member 7 WiGx31 Member 12 Widx183 Member 17 | (2) HSS10x0.50
Member 2 WT15x146 Member 8 WiBx31 Member 13 Widx193 Member 18 | (2) HS510x0.50
Member 4 WT15x 146 Member 9§ W14x193 Member 14 W14x193 Member 19 | (2) HS510x0.50
Member 5 WT15x146 Member 10 Wi4x153 Member 15 | (2) HSS10x0.50 Member 20 | (2) HSS10x0.50
STRUCTURE 1 TRUSS 4
Member 1 Mamber 3 Mambar 4 Mamber 5 Mambex 6
. =
- = - «1 5 e b
i il [ i
Member 8
Member 1 WT15x195.5 Member & WT15x195.5 Member 11 W14x342 Member 16 | HSS14x0.50
Member 2 WT15x1895.5 Member 7 W16x50 Member 12 Widx342 Member 17 H5S514x0 50
Member 3 WT15x185.5 Member 8 W1Ex50 Member 13 Wi4x342 Member 18 HS5S514x0.50
Member 4 WT15x195.5 Member 9 Wi1dx342 Member 14 W1dx342 Member 19 HSS14x0.50
Member 5 WT15x195.5 Member 10 W14x342 Member 15 HSS14x0.50 Member 20 H5514x0.50
STRUCTURE 1 TRUSS §
Maerber 1 ; Mamber 2 ; Mueber 3 > Mambar 4 ; Mambar 5 . Maerbr & :
§ . 2 = o = %
= = a = a W) o - z
s
I S| = 1| .= ] i !
Marbar 7 Marmibar B
Member 1 WT15x85.5 Member 6 WT15x95.5 Member 11 W14x132 Member 16 (2) 3" Dia, Rod
Member 2 WT 15x85.5 Member 7 W1Ex31 Member 12 W1dx132 Member 17 W14x233
Member 3 WT20x251.5 Member 8 Wigx31 Member 13 Wi14x53 Member 18 W14x233
Member 4 WT20x251.5 Member 9 Wi1dxa9 Member 14 W14x59 Member 19 (2) 3" Dia, Rod
Member § WT15x95.5 Member 10 Widx99 Member 15 {2) 2" Dia. Rod Member 20 {2) 2° Dia. Rod

Tables 1 through 5: Final Member Sizes for Trusses
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STRUCTURE 2 TRUSS 6

Mermber 1 Marmber 2 Marmber 3 Maribar 4 Mermber 5 Mermbar B

- | - A A 1 I ] -

- 2 = 1 o E E
“'.,k wm‘ M‘ > M'a
U3
Mamber T Masibar 8
Mermber 1 WT15x85.5 Member 6 WT15x85.5 Member 11 Widx153 Member 16 (2) 3" Dia. Rod
Member 2 WT16x85.5 Member 7 Wi1Bx31 Member 12 W14x193 Member 17 Widx311
Member 3 WT 18x400 Member 8 W1Gx31 Member 13 W14x89 Member 18 Widx311
Member 4 WT 18400 Member 9 W1dx5g Member 14 Wi1dx99 Member 19 | (2) 3" Dia. Rod
Member 5 WT 15x95.5 Member 10 W14x59 Member 15 | (2) 2" Dia. Rod Member 20 | (2)2" Dia. Rod
STRUCTURE 2 TRUSS 7
Marriber 1 Merriber 2 Marmber 3 Meemoer 4 Mormber 5 Merribar &
™ =
- " =| <1 ® -4
f i o “"m.,,, i fl
Marmber 7 j Member B

Member 1 WT15x146 Member & WT15x146 Member 11 Widx193 Member 16 HSS10x0.50
Member 2 WT 15x146 Member 7 W1Gx31 Member 12 Widx193 Member 17 HSS10x0.50
Member 3 WT15x146 Member 8 Wi1Bx31 Member 13 Widx193 Member 18 HSS10x0.50
Member 4 WT 15x146 Member 9 W14x193 Member 14 Wi14x193 Member 19 HSS10x0.50
Member 5 WT15x146 Member 10 W14x193 Member 15 HSS10x0.50 Member 20 HSS10x0.50

STRUCTURE 2 TRUSS 8

[~

11

Member 1 WT 15146 Member B WT15x146 Member 11 W1dx193 Member 16 HSS10x0.50
Member 2 WT 151146 Member 7 W1Gx31 Member 12 W1i4x193 Member 17 HSS510x0.50
Member 3 WT15x146 Member 8 WiGx31 Member 13 Widx193 Member 18 HSS510x0.50
Member 4 WT 15x146 Member & W1dx193 Member 14 Wi4x193 Member 19 HSS10x0.50
Member 5 WT 15x 145 Member 10 Widx193 Member 15 HSS510x0.50 Member 20 HSS10x0.50
STRUCTURE 2 TRUSS 9
Marmber 1 Mumibor 2 Mamber 3 Marnbar 4 Mormber 5 Marrbar
- poeclbio Lo - e I i - Lol y o

- 2 = - «.\‘ o - 7|
I S| = 1 N i i

s |

Momber 7 Membar B

Member 1 WT16x85.5 Member 6 WT 15x85.5 Member 11 W14x59 Member 16 (2) 1" Dia. Rod
Member 2 WT15x85.5 Member 7 W1Bx31 Member 12 W14x99 Member 17 W1dx145
Member 3 WT15x95.5 Member 8 Wi1Gx31 Member 13 W1dx85 Member 18 Widx145
Member 4 WT15x85.5 Member & W14x59 Member 14 WW14x99 Member 19 (2) 1" Dia. Rod
Member 5 WT15x85.5 Member 10 W14x59 Member 15 (2) 1" Dia. Rod Membar 20 (2) 1" Dia. Rod

Tables 6 through 9: Final Member Sizes for Trusses Cont'd
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Dot

Trp=

Frrn Marne:

eVW Graze Powercore

2700 K, 10° x 60° Lens

Linear, white LED surface light for wall washing and grazing

eW® Graze Powercore is a linear lighting fiscture
optimized for surface grazing and wall-washing
applications requiring high-guality white light
Featuring Powercore® technology. eW Graze
Powercore processes power directly from line
volage. eliminating the need for low-voltage,
external power supphes. Available in 2700 K or
4000 K color temperatures, vV Graze Powercore
offers superior illurination guafity and dramatic
energy savings for new insaliadons and retradfic
upgrades, Combining 2 space-efficent, low-profile
aluminurm housing and flexible mounting options
allows for discrete placement within 2 wide range
of compact archieectural details

* Tailor light output to specific applications —
e Graze Powercore is avaifable in 1 foand 4
fi exterior-raced housings, with 107 x 607 and
307 x &0¢ beam angle optons.

»  High-performance illurnination and beam
quality — eV Graze Powercore offers
superior beam gualty for striation-free
saturation as close as & in (152 mm) from
fixture placement VWith a 607 horzontal beam
angle, ¥y Graze Powercore accommodates
end-to-end or incremental placement without
visible light scalloping between fixtures.

* Supports new applications for white
light— Long-fife LEDis (50,000 hours o 50%
lemen maintenance} significantly reduce or
aliminate maintenance problems, allowing the
use of white lighting in spaces where bulh
maintenance may be limited or unfeasible.

»  Universal power input range — VW Graze
Powercore accepts line volage input of 100,
1200, 220 — 240, and 77 VAC.

= Wersatile insmafiation options — Constant
worgque, locking hinges offer simpde position
controf frorn varicas angles. without special
woods. The low-profile extrruded alurninum
howsing accommaodates mstallation within wide-
ranging archiectural niches.

= “Cool lighting” functionality — eW Graze
Powercore fixtures do not heat Buminated
surfaces. discharge infrared radiation or emit
uitravicdet light

Diirnming capable — Parented DIMand™
technology offers smooth dimming capabdlity
with standard ELV-type dimmars.

» Trouble-free, code-compliant installation —
IP&6, UL wet location ratings. UL / cUL, FCC,
CE RoH5 WEEE certified.

i som'wmes | B

I— Vi O R, 40 T ¥ —l

For detailed product information, please refer to
the eV Blast Powercore Product Guide at
wwwicolorkinetics comils/essentialwhita'ewgraze’

PHILIPS
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Specfic

Dus to cominuous morovements and infovations, :pedfications may change without nortios.

‘tam

Zlaczrical

Cartficatien
and Salsty
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ILLUMINANCE SELECTION

10-13

in enclosures that isolate ballast vibrations, or elec-
tronic ballasts.

ILLUMINANCE SELECTION

In 1979, the IESNA established an illuminance selection
procedure, which was published in the 6th, 7th, and 8th edi-
tions of its Lighting Handbook. The philosophy of that pro-
cedure was to enable the lighting designer to select illumi-
nances based on a knowledge of space and occupant
characteristics as well as the task and worker characteristics.

The philosophy of that procedure has been embraced
again in this edition, but the procedure has been modified
and simplified to place visual performance and therefore il-
luminance selection more in balance with the other impor-
tant lighting design criteria presented in this chapter and dis-
cussed throughout this edition of the [ESNA Lighting
Handbook. Specifically, the recommended illuminances
provided in the Design Guide are based on the Society’s
judgment of best practice for “typical” applications. Every
situation is unique so, naturally, typical conditions may not
be appropriate for a specific application. As a professional,
the lighting designer should have a better understanding of
the particular space and the needs of the occupants and
clients than what can be presented in a recommended illumi-
nance value for a typical space.

Hluminance Recommendations

In 1979, the IESNA established nine illuminance categories.
“A,” the lowest set of recommended illuminances, through
“L.” the highest set. Each of the nine categories had general
descriptions of the visual task, irrespective of the applica-
tion. Generally, the same approach has been employed in
this edition of the IESNA Lighting Handbook to help light-
ing designers establish the best task illuminance. However,
four important modifications have been adopted.

* The recommended illuminances are no longer pro-
vided without reference to a specific application.
Every application in the Design Guide has a specific
recommended illuminance (horizontal. vertical. or
both) representing best practice for a typical appli-
cation.

The nine illuminance selection categories estab-
lished earlier by the IESNA have been reduced io
seven categories and organized into three sets of vi-
sual tasks (orientation and simple. common. and
special). These groupings provide additional clarity
to the category descriptions (Figure [0-9).
Additional precision has been given to the task de-
scriptions in each category. In the previous three edi-
lons it was impossible for the lighting designer 1o
=m;lmh1:unu.~dy seertamn what constituted. for X
mmple. “low contrast”™ or “smail size.” 3Specific

.

Figure 10-9. Determination of llluminance Categories*

Orientation and simple visual tasks. Visual performance is largely
unimportant. These tasks are found in public spaces where reading
and visual inspection are only occasionally performed. Higher levels
are recommended for tasks where visual performance is
occasionally important.

A Public spaces 30 Ix (3 fc)
B Simple orientation for short visits 50 Ix (5 fc)
c Working spaces where simple visual

tasks are performed 100 Ix (10 fc)

Common visual tasks. Vlisual performance is important. These tasks
are found in commercial, industrial and residential applications.
Recommended illuminance levels differ because of the
characteristics of the visual task being illuminated. Higher levels are
recommended for visual tasks with critical elements of low contrast
or small size.

D Performance of visual tasks of high 300 Ix (30 fc)
contrast and large size
E Performance of visual tasks of high

contrast and small size, or visual

tasks of low contrast and large

size 500 Ix (50 fc)
F Performance of visual tasks of low

contrast and small size 1000 Ix (100 fc)

Special visual tasks. Visual performance is of critical importance.
These tasks are very specialized, including those with very small or
very low contrast critical elements, Recommended illuminance
levels should be achieved with supplementary task lighting. Higher
recommended levels are often achieved by moving the light source
closer to the task.

G Performance of visual tasks near
threshold 3000 to 10,000 Ix

(300 to 1000 fc)

" Expected accuracy in illuminance calculations are given in Chapter 9,
Lighting Calculations. To account for both uncertainty in photometric measure-
ments and uncertainty in space reflections, measured illuminances should be
with + 10% of the recommended value. It should be noted, however, that the fi-
nal illuminance may deviate from these recommended values due ta other
lighting design criteria.

ranges of contrast and size have been established for
this edition (Figures 10-10 and 10-11).
Recommended illuminances increase roughly loga-
rithmically with increasing task difficulty by com-
bined changes in task contrast and task size. as de-
fined in Figure 10-10. These recommendations ure
guided by both the scientific literature and practical
experience.

.

High illumnances can partially compensate for small size
ind low contrast to maintain high levels of visual perfor-
mance. Changes in visual performance us a function of 1ask
rontrast and size. background reflectance. and observer age
an be calculated precisely.” For weil-controiled situations.
his procedure can be a useful predictive tool, However. per-
rormance at a visual task depends on many uncontroiled vi-

Figure 1
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VA L/7rONIA LIGHTING'

FEATURES & SPECIFICATIONS
INTENDED USE

The Avarte 4 is & general lighting uminaire for lane spaces includng
open ofices, circulaton areas. classmome, lbrafes, caetaias, 3rport d:k-

ating and wiit areas, and nunerous cther commereial applications, Static
or ar functinz availzble,

CONSTRUCTION

Housng i ghes white anamel on cold rolled steel Al edges semmed o roundsd
All shigldings pivot on Bght trass and swing down for easy lamp sccess,
Malded light traps prevent light leaks between shislding and endplates,

Al gir and screw slob units sapplied with screw-on te: bar clos. Ballst
access is from balow,

NPTICAL SYETFM

Twir matte white polyester powder pairt finishad reflechora proside unifom

light distibution. Oxtional ow brightness diffuse aluminum  stepped
refléctors avallable,

Al ciffusers eonirol direct light distribution and jlare by shielding lamps from
direet view.

Metal diffuser staggered round holes IMDR] 52% open perfoated metal
with .075" dismeter hdes backad with white acrdic dffuesr,

Straght blads louver [5EL) siles of pertorated metal with staggered round
hales and soid blade louvere: center. Sides and louver backed with whits
acrflic diffussr,

Meital diffuser alignec mini slces [MDN] 8% ooen perfirated matal bached
with white aerdic diffasar,

Aviliv dilfusen prismatic bers (A0F) extuded aciyliz lews bicked with
whitz acrylic diffuser,

Meital diffuse: with cater slots IMDC). 52% open metal, 075" diameter hoes
with 1" wide solid cester. Sloted with 1/2%2° open slots Diffuser iz bached
with white aeryic overlay.

ELECTRICAL £YETEM

All ballagts supplied are class P, thernally pratected, reseting. HPF, nan-

PCE. UL Listed, C5A Certified. Ballasts are somnd rated A, Standard combi-
naticns cortomn to UL 435

INSTALLATION
Trime &vallabe for standard 17 and 919 ©e bar or screw slot gris,
Fixtires can be row nounted end-to-end.

Catalog Munbsr

Motes Typs

Avante
2AV 2'x4'

Linear Flusrescent

T3
1.20r 3 l:mps

_ Speefizatinns
Lengthe 4 (1219) ’// \\\\,
Width: 24° E02)
Ditfuser Width: 8° (23] I—DW—|
Depth: 5-172° (140) W

Alldimansiors sre nohaz (milimstarsl

Drpweall celing adatars available,

LIETING

UL Listedd w U3 and Canadan salel stamlads, Chivayw Flesum appoved
ard NYC spproved (228 Opions).

Specifications are subject o change without notice,

Bvante is cowered by one or more of the following petents: 5,0823,820; 369,586;
a11.641; 41:40% 2 212513; 67513,

ORDERING INFORMATION

For shertest lead times, configure product using standard options [shown in bold).

Ezample: 24V G 2 32 MDR MVOLT GEB10IS

2RV 12
MLmber of Lamp type [ voltzge | | Options |
2AV 2" wide AMps T WTs(a") MVOLT: GEEWIS Electronic ballast, 2 10% THD,
1 347 mstantstarn
— 2 Othars GEB10PS  Electronic ballast, < 10% THD,
g 3 evgilecla. pregram start
G Grid trim N Inoludad ALE  Acrdie itk guard!
ST Serw slot - - l H14 Emergencybattery pack
| Ar function | | Diffuser Imnrzul 1200 lumiens, see Life
iblant)  Static (ne air functioa) MUK Metsl diffusar, reund Safetyzoction )
A Air mtumsuply holes 6LR Internal fas-blow fuse
_ 531 Straight blads lowver, F- Lamped. Specify lamp type a1d
Accossoriaz o ung holes aalor
Order a2 separata omtilog sumbar MIM Metzl diffussi, mini slets PW51R3E & JIGWIO,W dia, 18-gauge, 3
DA Elr'lmdl csiling edeptsr, unt instalation Usa Giim wires
plua DA auvsssry T Tisurs in g amd ADF :ﬁ:‘"::ugﬁlf::;r lingar NYC New Tork Oty approved
- fixture support in plaster o plasterboard cailirgs. MIC Metsl diffuser, round CP Chicago Plenum approved
) hols with lave center LPB  Air pattern cortrol Hades'

I Mhfar to optons and scosazariss sestion for more detailed infarmation.
2 MYOLT(120-277 voki
3 Nust spacify vahiags, 0 or 7.

sloty
Ottars meailsble

LER Aluminum stepped refle ctor

Fluwescent

Shest & 2AV IX4TE ARCH-260
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2AV 2x4 Direct/Indirect Lighting

ZAVG 232 MDR, (2] 32W TE lamps, 2850 lumens per lanp, s/m 1.2 (along) 1.2{across), test 10, LTL10121
g’ Coefficients of Utilization
pl feovis

CP Summary pe B T S0 Zonal Lumen Summary
20 Fs 0 (= 4] Ea AORESORES0NE S0AES00 100 SORRans10n:  Tone Lunens % Lamp % Fichre
@ 12a0 1280 o 5 & & T@TA O™ OTETE TE OO -3 10 17.7 26.0
40 5 127 1277 1 74 71 68 6 &5 8 66 & & 0 -40° 16658 3.3 43.0
157 1233 1283 2 BT Bl 57 &) 58 B 56 54 51 0 -& s ze T
&0l } s0 250 1141 1184 5 B1 54 48 55 47 43 50 48 42 0" -4 5632 384 1000
I 2HO100E 11 |I4 BE 47 41 46 41 3 45 40 3E 90 - B0 ] Qo Q.0
a0 45 B2 w8 EE B o442 3 4 36 H 40 35 3 0 -180 S52 354 1000
85 622 &0 6 47 58 32 A7 3 X 36 3 27
00 & 408 a0 T 44 34 28 3 2@ oM 33 27V 24
|/ 2 & 41 5 258 M & A 50 26 M
25 46 64 @ 3 2823 28 23 13 27 22 18 L
120 - = 00 0 10 36 362 26 2 17 252 AT Efficizncy: 58.1%
— O a0°
ZAV G 332 MDR, 2] 32W T8 lamps, 2850 lumens per lanp, s/m 1.2 (along) 1.2{across), test 10, LTL 10155
Coefficients of Utilization
pf i
CP Summary pc a0A% TR e Zonal Lumen Summary
0 (= 4] P AORESORES0NE S03EB00 0% SOREans10n:  Tone Lunens % Lamp % Fichre
@ 1951 1934 o 5 & & T@TA T OTETE TE OO -3 1528 17e 28.2
& 1841 1813 1 T4 T RR AR AT AL RR R P 0T -40°  9ROT AR ARA
157 1280 18T 2 BF B2 57 &0 5E B 56 54 51 0 -8 4552 R TE.0
25T 14T 1TE 3 B1 B4 48 53 47 43 51 48 42 0 -a0° SEAT 5.5 1000
SOIRAE IRAD 4 RR 4R M1 47T M & 4R 40 3@ A0 -CRD 3 oo 0.0
45 1278 1455 EE B 42 35 42 36 H 40 35 3 0 -180 SEAT 5.5 1000
85 BB 11Te 6 47 58 32 A7 ;@ X 36 3 27
& 11 240 T 44 34 D8 3 D2 04 33 08 04
EoEE 4 & 41 51 2 M 2B A 50 26 M
25" 66 & 9 3 2823 28 2313 26 23 19
w0 @ @ 10 3 2T 2l 28 21 7 28 2l T Efficiznoy: 58.3%
[ — -

ZAVG 3 32 MDR ASR, (3) 32W T8 lamps, 2850 lumans per lamp, s/m 1.2 (along, 1.3 (acrossl, tast no. [TL 10120
: Coefficients of Utilization

Y — 20

pf i
CP Summary pc B T S0 Zonal Lumen Summary
o B0 pew TOeSCARICAE 503300 10% SO0t fone Lunens % Larnp % Ficure

o 1277 1877 0 E0 EO B0 40 40 48 47 47 47 O @0 1061 (] oD
5 1380 1370 1 46 44 42 43 41 40 41 40 38 0 -40° 167 R"e 47
15" 1308 1317 2 42 3@ 3% W FH B MM R O0-a 207 340 80.6
21T jEEs 8 3 54 31 3 30 28 A2 28 2T 0 -8 B0 ZE 100D
EOETd 08D 4 35 50 B D0 26 240 20 26 23 20" - 1Bl 2 oo 0.0
45 745 w20 gs 2 27 23 26 23 2 26 253 20 0 -180° SE06 22 1000
o BT JEE B 30 B4 BT B D 13 2 20 19
& T B4 T o222 18 2218 16 21 18 16
134 254 8 26 20 17 20 17 14 18 16 14
== 54 8 24 19 15 18 15 13 168 15 13 -

00 0 10 23 17 14 17 14 12 16 14 12 Efficizncy: 42.2%

“or additonal phetoretric informat on, visit our website at Tithonia, com’,

MOUNTING DATA G

_ ST
Mim Sype.

GA

Ceiling Type

Exposad gnid tee 1T and 76T &
Concealed gid tee G
Screw slot 5T
Flagier or plasterboatd G*

La=-In trim [eoosed grd ea) Sraw skitim o) Lay-nirm (eposss grid tag

\

Scray ok o w kol el

5TA

*DIBA 1ccassary walabia m irovide colhg mim fange i foous support Wr plastor o plasterioad caling. Ao o DGA

roughIn ek

Is W00 x 82N [Tolersn:e IS +1%, 170

VA LiTHONIA LIGHTING

An<SAcuitytrands Company

Lithonia Lighting
Fuorescen:
Che Lithoniz Way, Coayers, BAZI012

Fruie, 800-F2-TTGE Fao T70-B25-2783

Shest & 2AV 2X4 T8 (@200 Acaity Brands Lighting, nc., Rav. 1112008

www.lihanh.com
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Lumen Method For Waiting Terminal 1
Compute Cavity Ratios Light Loss Factors
RCR 1.86 Huo |
CCR 0 Mean Lumens 2802
FCR 1.00 Intial Lumens 2950
Pee LLD 0.949831
- LoD |
Base Reflectance Category Vi
Wall Reflectance 60 Ul fale e 2
LDD 097
18 62 3)RSDD |
- 1.86 61 RSDD [ 0.9
2 80 geF |
BF 118
Pre LLF | 0.978458
30 -
Base Reflectance # Luminares [ 10.55712
Wall Reflectance 60
1 29
1.00 29
pe 1.2 28
pw
Wall Area (ft*) 420
Window Area (ft*) 980
Pw 032
cuU
RCR 117
cU @ 61/32/20 63
Correction Factor 67
Calculation 1: Lumen Method for Waiting Terminal 1
cu
CU @ 72/28/20 80 61 70
50 32| 30 50 32 30
1 71 68 1 69/ 66!
1AT 659.30 66.447 66.13 63 1.17! 67.47 64.617 64,30
2 61 57 2 60 56

Calculation 2: Determining CU
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. k5 N |

530 LIGHTING CALCULATIONS

GENERAL INFORMATION

Project identification: Untow  Starcon Betanvston @ Warr ewve TeamowaL
(Give name of area and/or building and room number)

A g intained illumi for aesiqn:s_ lux or Lamp data:
3° footcandle: T
& Type and color:L\J’“ rTe

< 3
Manutacturer: _ 2tvAvte [ Lzroneal
o IV-6-3 =32~ MDA~ MveT _Gtﬂ.pg:tal lumens per luminaire:

Luminaire data: i
Number per luminaire:

aase (3 = &&50

SELECTION OF COEFFICIENT OF UTILIZATION

Step 1:Fill in sketch at right T
tp = o % hee = @)
) SRR o e i
Step 2: Determine Cavity Ratios o= 0% L= —
= b5
~—0=3@ % fire = 2 e, 36
Room Cavity Ratio, RCR = __"'S&
Ceiling Cavity Ratio, CCR = __© |- Workplane ------- '
{ oo 0= &0 %0 = 3C %| hg= €
Floor Cavity Ratio, FCR = : = #f — i
o [
Step 3: Obtain Effective Ceiling Cavity Reflectance (pcc) Pcc= —l
‘ LY
Step 4: Obtain Effective Floor Cavity Reflectance (prc) prg=- 21
Step 5: Obtain Coefficient of Utilization (CU) from Manufacturer's Data Cu= "_‘r
SELECTION OF LIGHT LOSS FACTORS
MNonrecoverable Recoverable
L i - Room surface dirt deprecianon (5,
_ ASDD -
Voltage to luminaire v Lamp lumen depreciation o949
— LLD
Ballast factor g Lamp burnouts factor Lo
——— LBO
Lumi surface d s—— Luminaire dirt depreciation 047
— LDD
" . L oag
Total light loss factor, LLF (product of individual factors above) = —
CALCULATIONS
(Average Maintained llluminance)
sou (Hluminance) X (Area)
N =
SN0 L, (Lumens per Luminaire) x (CU) x (LLF)
S0 (15)(35) =105k
(Y 2asv) (e (0 475
i - (Number of Luminaires) x (Lumens per Luminaire) X (CU) x (LLF)
(Area)
I (N(age) (v i’s))i o.tg-r&\ - 87 Fe
HIST C i
7 A .
Calculated by; _/« M‘f’l‘ ivlgﬁ; I Date: ¥ /\.)51
/ ]

/

Figure 9-25. Average illuminance calculation sheet.

Page 129 of 131




Union Station Expansion

Joseph W. Wilcher Ill

Washington DC

Structural Option

April 7, 2009

on

ture Express

igna

S

Final Report

M. K. Parfitt

Adviser

s
o
£

i CALCUL

LIGHTINC

€0 80800k VI L) CE L2 LE L
€0 L0601 S| B) vE 62 6E 8p
£0 L0001 ¢l 9) B) S2 0E OF 6¥
SOB0HL Vi8I lELeee Ly 6p
900l €1 S1 61 €€ 62 ¥E e¥ 05

‘Apnea jo 100)) Jo ‘oo ‘Buien |
"9} 4O ofied Lipim 03 Yibuay B uo peseq aie ajqe) siy U senjes

¢0 L0 60 L} S1 Bl ¥2 62 6€ LS
E0 Z0 0} 2} 91 02 92 IE OF 25
¥080 LI vl Bl €2 B2 €E 2V €S
S0 60 ¢} G} 02 ¥2 OE SE £V ¥S
L0 LE VL LI b2 ST 1E LE SV S5

€0800L 2L 91 61 S LEEV SS
Y060 Sl vl Bl 1€ L2 €€ Gv 9G
S0 0L €} S 61 E2 62 SE 9V LG
90 L} ¥} L) 22 92 2€ BE €F 8S
60 €} 91 61 ¥2 BE SE IV LS 09

€080 LI ¥l 81 |2 LZ €€ 9F 6S
¥0 01 EL Gl 61 €2 OE 9E 6F 19
SO L1 #1 L) L2 G2 2€ 8E 06 29
021 91 61 ¥2 BZ SE | €S $9
0} 61 61 22 /T L€ 8E ¥¥ S 99

v060 L1 Sl 61 22 62 9€ 1569
SO L ¥1 9L L2 G2 € BE 25 99
902} S) Bl E2 L2 5€E 2k 55 89
B0 vi 81 L2 22 OE BE S¥ 8S 02
L1 9L 02 ¥ 62 vE LY 6F 19 €L

BUZEKELL b2 S¢ OE SE v 05
60 cl Sl Bl 292 L BE EV 05
Ul €l SI 81 22 92 |E 98 E¥ 0§
LLEL 91 61 €2 L2 2E LEEV 05
cl ¥} L1 Oc #E B2 €& LE E¥ 09

L vl LI 02 ¥2 B2 ¥E OV 8F 95
¢k S8l 125262 ¥E L BY 95
EL 91 81 1292 0E SE I 6P 95
€1 91 61 22 Lg |E 9E ¥ 6¥ 95
Vi Ll 61 22 L2 2E LE P 6P 99

¢l 9l 6lEc9e IEQE PP 25 19
EL 9L 02 EC L22EBE SP ES 29
¥L L} |2 ¥E 82 €€ 6E S¥ €S 29
Gl Bl 12 1T 62 V€ OV 9F ¥S 29
91 61 € 52 0€ S€ I L¥ SS 29

Vi Bl 12 G2 0€ SE | 8Y 8S 89
V1 81 22 92 IE 9€ e¥ 6¥ 8S 89
Sl 61 €2 L& g LE £F 0S 65 69
L1 02 ¢ 8¢ €E BE ¥ 1S 09 69
Bl 12 S2 62 VE 6€ St 25 09 69

91 02 ¥2 B2 €€ BE S¥ £S 66 G2
8l 12 5¢ B ¥E 6E 9F ¥S 65 GL
61 ¢ 92 0E SE OF L¥ G5 09 9L
02 €2 L2 IEYE 2 61 95 L9 9L
L ¥e B2 2E LEEY 0G LG5 29 LL

<k Sk L1 U ¥E 82 BE BE v 0S
€SI 21 LC S2 B2 ¥E BE v¥ 0S
vl 91 Bl 12 92 6¢ FE BE vV 0S
Sk L6 &2 9¢ OE SE 6€ vi 05
9l 81 (¢ £¢ LE 1€ SE BE vy 0S
|1€ vE 82 g€ 9€ OV SF 09
6l Uglec ST 62 € 9E by 9 0§
Uc 12 E2 92 0E bE LE 1P 9 0S
|€ €2 G2 L2 |E GE LE 2F 9 0§
c¢ Ve Lg 6¢ £E 9E BE 2F 9 06

V¢ 9c 8¢ Ot ve LE OF E¥ 9F 0S
8¢ 0t 1€ S€ 8E OF EV 9% 0§
OE €€ €€ 9E 6€ ¥ vP LY 0S
t VE SE BE O ek S¥ Lt 0S
L SE 9L BE IV EV SF LP OS

4
4

e

&l oo

L2 5§
62 ¥

V1 81 02 €2 BE 2E LE ¥ B LS
SI 61 12 ¥2 62 EE BE E¥ 0G LS
91 61 22 52 62 vE 6€ P 0S LS
L1 02 €2 92 0€ S€ OF St 1S LS
81 22 €2 L2 |E 9€ ¥ S¥ 1S LG

L1 02 €€ 9¢ |E 9€E 2¥ BY GS €9
61 L2 ¥2 L g€ LE BV 6F 95 €9
0€ 2¢ 52 8¢ EE BE ¥ 6¥ 9S £9
ZE ¥C L2 62 SE 6€ S¥ 05 LS v9
€252 82 L€ 9E 0¥ 9 1S BS ¥O

02 22 92 O€ SE OF 9 £S 19 0L
Gc ¥2 8T E OB ¥ LV ES 29 0L
E2S20ECEBEEY BY PG EY |2
¥ L& 2E ¥E 6E ¥¥ 61 9S ¥9 1L
SEBEEESE OF S¥ 1S 256922

2¢ G2 62 EE 6E ¥¥ 1S B8S 69 LL
€2 LC IESE OV SF 1S 09 69 82
SCc8CCEYE Y LV €S 1969 8L
L OF VE 8E £F 8F ¥S 29 0 64
82CE9E0F SV 0S9S €9 LL 6L

0¢ £¢ S¢ BZ ¢€ LE eV 9¥ 5 LS
€C V2 L2 62 ¥E BE EF L¥ €5 8BS
V2 92 82 |E GE 6€ BV B €S 8S
9¢ L2 0€ 2€ 9€ ¥ ¥¥ BF €S 89
8¢ 62 L€ ¥E LE 2¥ S 6Y €5 89

Ve L2 62 2€ LE ¥ L¥ 85 8S ¥9
9¢ 82 0E €€ BE E¥ BY €5 6G 59
8¢ OE €€ S€ OF S¥ BY ¥5 65 59
0€ 2€ SE L€ |¥ 9% 0 ¥S 09 59
€€ ¥E 9€ BE EF BY 15 55 09 99

LEOEYE LECY LY BSBSG9 2L
62 2E 9E BE E¥ BY ES 65 59 €L
L€ ¥E BE I+ S¥ 05 S5 09 99 €2
EE9E OV EV LV 2595 192982
SE BE g¥ S 6¥ ¥S 85 €989 v/

0E V€ BE &v L1 25 85 +9 22 08
V€ 9E OF ¥ 6V ¥S 0999 €L |18
SEBESY OV 1S9529 29 ¥L 18
LE V¥ S BY €9 8S ¥9 69 GL 28
OF ¥¥ Lt 0S ¥S 6S 59 0L 9L 28

6C L€ EE SE 6E £F 9¥ 0S ¥S 8S
|& EE SE LE OF bP L¥ |G SS 8S
€€ GE LE BE 2¥ SF B 26 S5 65
9€ BE BE I¥ ¥¥ L¥ 6F EG 96 65
BE OV c¥ ¥¥ 9¥ 67 LS ¥S 95 65

€€ OE BE 0¥ S¥ 6¥ €5 9S 09 99
SE BE OF 2¥ 9% 1S #5 85 1999
8E ¥ € S L¥ €5 96 65 29 L9
M PP SP LV |G 9S85 09 €9 49
¥¥ 9% 8% 0S ¥S LS 69 19 v9 L9

88 |v Gv 8 5 9S[09¥9 69 ¥L
bbb L¥ 0S ¥S mmEmm 0L5L
PP LP OSES LSO09ED L9 L SL
8% 05 €5 S5 6529 9989 2L 9L
ISESSSBS 19P9 L90LELOL

EP LV 0SES 9529 L92L LL €8
BPOSES9509 #969€EL 8L ER
0SES9S 6S €9 L9 |LSL6LV8
€5 LS65295969 €L L0868
L5 09 €9 99 69 2/ G2 8L 28 98

Ft 9b LB 8t LV BV ¥V OF BY 09
9€ BL 6E OF oF ¥ SV LV BY 06
BE |V TV EV V¥ Sk 9 L¥ BY 05
ck ¥¥ S¥ G 9F Ly BY 8F 6 05
Vv 8b 9F L 8V BV 6F 61 0S 0§

l¥ Ev b S¥ 8F 1S ES SG £G 6S
EV 9 v BF LS ¥ SS 95 LG 65
9¥ 0G 1S 1S €5 S5 95 25 85 09
06 25 €S ¥5 S 25 85 65 65 09
£5 55 95 95 LS 85 65 65 65 09

L¥ 05 €S €5 S 85 09 29 59 89
0S €5 S5 95 85 09 29 #9 99 89
¥S LG 8S 65 19 €9 ¥9 59 9 69
85 19 29 €9 ¥9 59 99 /9 89 69
¥9 6999 99 /9 /9 89 89 69 0L

S5 /5092999 L9698L L LL
L519€959 /969 1LELSLBL
€95999890L LLELGLOLBL
BO0L LL2LELYLSLOLLLEBL
2LY¥.GL9L9L 1L 1L BLBLEBL

c9v998969¢2L G LL0BEB OB
{969 }L€LG2£.08¢28S8 /8
€.v.9./.6/0828 V898 .8
9.6.08 18 €8 ¥ S8 98 /8 88
<8 ¥8 ¥8 58 98 98 /8 88 98 68

ofjed Aned

U Ul Ug Uk Ur U5 08 02 08 06

us

0 0} 02 0€E OF 05 09 0 08 06

0 0l 02 O£ OF 0S 09 04 08 06

0 01 02 o€ 0¥ 0f09)02 08 06

0 0l 02 OE 0¥ 0S 09 0£ 08 06

aouejoajjey
1lem Jusdiad

09

0L

06

80uejos|jey
teseg
Jusoley

»SUOHBUIQUIOY 8oUBI8|IaY SNOLEA 10} Saouejosjjey AlAeD 10014 Jo BuljiaD) aAoayT Jusdiad *1g-6 @inbiy

Page 130 of 131




Union Station Expansion

Joseph W. Wilcher Ill

Washington DC

Structural Option

April 7, 2009

on

ture Express

igna

S

Final Report

M. K. Parfitt

Adviser

9-33

CALCULATIONS OF DERIVED QUANTITIES

"g'| Jo onEl YyIpim o1 (NBUBy B 10 paseq aie ajge) <

fuaes jo sooj 1o ino) Buipan|

0201090602k Sk 0252 1€
02070906021 S1L 0252 IE
020090602} Sl 02 52 0E
02090906021 S| 61 ¥E 82
020+09060¢<! SI Bl €2 L2

102050 200k 2 LI |2 82 e
1020 S0 LOOLEL L1 1282 ¥E
L0E0S0 LODLEL LL IS L2 EE
L0E0 9080 LLEL LI |2 L2 cE
LOEC90BO LL ¥1 BL 1292 LE

10 €0 S0 LOOI €1 81 22 62 LE
LOED 90 8O LI ¥I 61 €2 62 LE
L0 E0 90 BOZI S1 61 €2 0E LE
20 ¥0 L0 E0 2} 51 02 be OE 92
€0 50 80 0} €1 91 02 ¥E 0E 9€

L0E090BO LI 1 61 ¥E 2E OF
20 v0 L0 B0 21 G1 0Z S2 EE OV
20 ¥0 LOBO €1 91 12 92 EE OF
€050800L 1 /| 22 92 EE OF
¥09060 L1 G1 8l €2 /2 EE 6E

@050 0802l S) D2 SE FEEY
20S0BOOLELOL |292CE Y
€090 60 L1 GL 81 £2 82 SE bF
¥0 20 0L 21 91 6} 2 B2 9 b
SOBO L L E1 LL 02 G2 OE LE tF

020+¥09080 LI ¥L LL LESE
02009080 LI ¥L LLOEVE
020F0908BOLLELLIOZES
020 ¥090800IEL9LEIET
020 v0980800I EL 91 61 22

¢0¥09080 L1 ¥1 LI 02 G2 OE
2009080 L1 ¥I LI 0252 62
20¥09080 LI ¥ LL 02 SE 62
20¥09080 L1 ¥ LLOZ be 82
20¥09060 LL YL LLOEVESE

+¥0 90 80 0L E1 91 02 P2 62 SE
090 B0 0L €1 LI 02 ¥ 62 GE
Y0 L060 LI ¥1 L} 02 ¥E 62 VE
¥0 L0 60 LI ¥1 L1 02 ¥C B2 V€
¥0 LO60 LI ¥1 L1 02 €2 82 €€

S0800L €191 6 v2 82 EE 6E
S0BOOL €L LI 02 2 82 EE 6E
908001 €1 L1 02 ¥2 8T EE 6E
9060 L1 1 LI OZ ¥Z 8C EE 6E
208021 ¢l L1 02 ¥2 B2 EE 8E

£001 E1 S1 6} 22 /2 IE BE GF
8001 €1 91 61 22 L2 2E BE t+F
80 L1 ¥L 91 61 £2 82 2€ BE FF
60 L1 1 L1 02 +2 BZ EE BE tt
0121 SL L)L 12 +2 62 EE RE

020+0S0BOOL EL Gl B 22
020+0S0BO0L 2L GLBL IS
020+0S0BOOL 2L GILLOE
020€0S0 06021 ¥I LI 02
020€0S0 L060 LI ¥1OL 6L

c0v09060 LI ¥l LLOZEE L2
20¥09060 LI ¥L LL 61 €2 L2
E0Y0S060 L1 EL 9L 6L 22 92
E0S0 L0 60 L1 EL 81 Bl 22 92
€050 £L06BO L1 EL 8L BL 1262

S0 060 LLPL 2L OCET B2 EE
S0Z00L2LSLLLOZECBE 2E
S0 B0 O} 2LSLLLOCTET L2 e
90800} 2L S L1 02 €T L2 IE
9060 L1 2LSL L1 0Z€E2 L2 IE

206021t 8L 122 BEEE 8E
B0 0L €1 GI B} 1Z ¥ B €E 8E
6001 €1 GI Bl 12 ¥ 62 EE 8E
60 LL ¥L 91 61 22 GZ 62 €E LE
0L 21 ¥1 91 61 22 52 62 €€ LE

0121 SL 81 25262 EE BE
0L €1 918l 2252 BZEEBE b
LL 1 9L 61 22 92 OF ¥E 6E tF
21 71 L1 02 €2 92 OF +€ 6E EF
€1G1 LL0Z €2 L2 LESE BEEF

020€05S0 4060 LL EL 9L BL
020€05S0 08001 ELSL LL
020 €0S090800L 21 ¥1 LI
010E0#0908060 LLEL 9L
0 10€0+#090 LO6O LLEL G

€050 060 L1 EL 9L BL lEtE
€050 060 LL €L 91 BLOZ €S
¥090 L0B0 LLEL G LI D2 E2
S090L060 LLELGLLLBLEE
S090.060LLEL VL OLEL I

L060 L1 €LSELIOZER L2 0E
L0 60 LE €1 G181 02 €2 22 OB
8060 L1 ¥1 91 81 02 €2 92 62
80Ol 2L 1 91 81 02 €2 92 62
6001l 2} ¥1 91 81 02 €2 S2 82

0} 2} G4 L} 02 22 S¢ 62 €€ LE
LLELGL L I2 €2 SC 62 €€ LE
2l vLoLBl lzEgGe 62 2e e
2L L 91 61 22 ¥Z 92 62 2E 9
€1 S1 /1 61 22 ¥ 92 62 2E 9E

€191 81 12 2 L2 IESEBE EF
¥1 91 61 22 92 8C 2L SE RE EF
Sl L) 02 €€ 92 62 ¢cE SE BE €F
L1 81 12 ¥ LE 62 €E SE 6E EF
Bl 6} 22 ¥ L2 OF €€ 9€ 6E 2F

0 L0 ED PO SO LOGOOL 2L ¥1
010E0¥0SOLOBOGO LLEL
0 1020 €0 5090 06001 21
0 1020 €0 0 90 LOBO 60 LI
0 10 €0 €0 ¥0 S0 90 Z0 8O 01

S0908060 L1 €1 ¥ 9L 8L 02
S0908060 L1 €L ¥LGLLLEL
90 08060 L1 2 LS LLBL
90Z0600L L1 2L ELPLOLBL
90206001 L1 2L ELFLSLLL

60 LL €L G1 91 81 02 €2 SE 82
OLZL¥LGLLLBLOZE2 ST L2
LLELSGLOL LI 8L 0222 e 92
cLELSLOL LLBLOCEE Ve 92
cL¥LOLLLLLELOZCC BTS2

¥1 91 Bl 02 22 ¥2 92 62 €€ SE
91 L1 B L2 €2 62 L2 62 €€ SE
L1 81 02 22 €2 52 LE 62 €E ¥E
81 61 12 22 e 92 BC OF 2E vE
61 12 22 B2 S¢ L2 82 OF CE €€

61 12 €2 5¢ 8¢ | vE 9€ BE 2F
L2 22 2 92 62 L€ tE 9€ 6€ 2t
€¢ €2 52 /2 0€ 2€ GE LE 6E 2F
E€ 62 L2 62 |1E €€ GE LEBE 2F
Se /2 62 0€ 2¢ +€ 9E 8E OF 2

0 10 20 20 £0 ¥0 S0 90 £0 80
0 1020 20 £0 #0 ¥0 50 80 L0
0 10 L0 20 20 €0 €0 ¥0 S0 SO
000 L0 L0 20 20 20 E0 €0 ¥0
00000 1O LO LO LO 20 20 20

L0BOBOOL LLZLZLEL VIO
L0B06OOLOL LLEZLELPLSE
808060 0L 0L LL LLELELEL
BOBOBOOLOL LLEELLLLEL
6060600LOLOLON LELELE

€1G1 0l /1 8L 6LDZC2ET ST
19l L BLBLBLOZ 222 be
S1 .1 8LBL6L6LOT IC IS ET
9181 8L6L6L0Z0Z02 1E22
LL61L6L6ELOZ 02020202 L2

02 22 €2 2 52 LfBeJoe 2 ee
&2 €2 92 52 92 8¢ 62 0F 1€ 28
£2 52 92 92 LZ 82 62 OF £ 2¢
SZ 92 /2 92 82 62 0F 0F 1€ |€
1282 92 62 62 62 0E 0F 1€ 1€

42 B2 L€ 2€ £€ S LE 8E OF 2F

62 |E 2E EE GE 9L LEBE OF It
LECEEE FEOE LEBEBE DY 1T
¥€ PE GE O€ L€ BE 6€ 6E OF It
9€ 9€ /E BE B€ 6€ BE BE D OF

00} 02 0E OF 0S 09 0 08 06

0 0l 02 0€ 0% 0S 09 04 08 06

0 01 02 0E OF 0S 09 0L 08 06

0 01 02 0E 0¥ 0S 09 0L 08 DB

ok

0e

or

.panupuo) *1z-6 ainbiy

i esnpeA
0nl
06
ng

0t
(-39
ag
e

2

neg
a7
oz
vz
zz

a0
an
tn
2n
oney Apaen

anmn|eY

AN JURDIR 4

aouen|ey
—Jnum

waniag

Page 131 of 131




	Cover
	Thesis Report

