UNION STATION EXPANSION AND RESTORATION
WASHINGTON DC

TECHNICAL REPORT IIl: LATERAL SYSTEM ANALYSIS

Prepared By: Joseph W. Wilcher Il

Structural Option

Prepared For: M.K. Parfitt

November 21, 2008



Joseph W. Wilcher Ill
Structural Option

Adviser: M. K. Parfitt Technical Report Il

Union Station Expansion
Washington DC

November 21, 2008

TABLE OF CONTENTS

P Ao [0 [T o Lo [V 3 o I

EXECULIVE SUMMAIY ...ccoiiiiiieieee et e e e e e e

Structural Systems

FoUNdation .....cooooiiieicee e
FlOOr SYSIEM ...t

Lateral SYSteM ......cceviviiiiiiiiieece e

Code & Design Requirements

Codes & REFEIENCES........oeeveveeie e
(D141 A O 41 (=] = T

Load CombiNAtiONS .........oivieeeieieiee e e e

Lateral Resisting System

Moment Frame ISOMELIiCS ........eeevieeiiiieiiieee e
(21011 To [TgTo l oY= To |- SR
Wind & SeiSmIC Crteria .........cuvvveeeeieeiieeeieeee e

Load Distribution & Analysis

Relative StiffNIeSss ..o
Center of RIGIdity.......cooooiiiiiiiiiiiiiee e
Direct, Torsional, & Net FOrces........c.ccoovviniieiineeiineennnn,
Serviceability ChecK.........cccovvviiieiiiiieeee e,
Overturning ChecK ........cccuvvveiveeei e

Member VErfICAatION .........ouveeieiie e e e

(©d0] g o] 1117 (0] T

Page 1 of 66




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

Adviser: M. K. Parfitt Technical Report Il November 21, 2008

TABLE OF CONTENTS CONTINUED

Appendix
A PlaNS & SECHONS. .. .uuuiiiiiiie ittt e e e e s e er e e e e e s s eeeeaee s 26
B: WiNd Criterial & LOAUAS. ....ccuiiiiiiiiiiiiiei ettt e e 31
C: SeiSMIC Crteria & LOAAS ....cciiiiiiiiiiiiiiiee ettt e e e e 35
D: Relative Stiffness FOr MOMeNnt Frames .........ccveeviiieeeiiiiiiee e 37
E: Direct FOrces DUE TO WING ......ooiiiiiiieiiiiiee ettt 40
F: Torsional Forces DU TO WIN ........ooeiiiiiiieiiiiee e 45
G: Net FOrces DU TO WING......oouuiiiiiiiiiie ittt e et staeee e 49
H: Direct FOrces DU TO SEISIMC......uuuiiiiieeiiiiiiiiiiieee e e seiiieeee e e e e s s ee e e e e s e nneeeeees 52
I: Torsional FOrces DUE TO SEISMIC.......cccuuuiiieeee et e e et e e e ee e e e 57
J: Net FOrces DUE TO SEISIMC ..eeeriaiiiiiiiiieieee e ettt e e e e e e e s rnebeaeeeaaa e an 61
K: Wind & Seismic Drift RESUILS ..........coiiiiiiiiiiie e 64

Page 2 of 66




Joseph W. Wilcher Ill Union Station Expansion

Structural Option Washington DC
Adviser: M. K. Parfitt Technical Report IlI November 21, 2008
ADDENDUM

In the first technical report done by the author, a mistake in looking at the drawings caused inaccurate
calculations for the wind and seismic loads applied to Union Station. While there is an expansion joint
separating the existing portion of Union Station from the expansion, there is another expansion joint

s . 7) @) ) (9 @3 (09
located within the new portion of the ? % ® e @ ) ﬁ) @

650 630 -0 1

building. The joint is located along column
line C (See Appendix A, Figure A for a

visual location), which is at the center

®

length along the north-south direction
length.

Since an expansion joint is within the
expansion, each level must be treated as
two individual masses instead of one (See
Figure i). In technical report one, the author
only treated each level a one mass instead

of two therefore there the calculations for

wind and seismic were incorrect.

Because the third technical report deals
with the lateral system and lateral loads,
the author revisited the steps to determine

the wind and seismic forces and corrected

to have two separate areas for both

©

calculations. Appendix B and C have the

revised calculations which were used

@O

throughout this technical report.

)Ni . NEW EXPANSION i i \

Figure i: Location of Expansion Joint
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EXECUTIVE SUMMARY

In this third technical report, a detailed lateral analysis for the expansion to Union Station was conducted
by using STAAD, SAP, and hand calculations. Concrete moment frames are the lateral system used
throughout the structure and a total of fifteen, eight located in Areal of Union Station and seven in Area 2,

are within the building.

Since the expansion to Union Station was designed by using post-tension within the slab, beams, and
girders, getting accurate results from a computer program offered at The Pennsylvania State University or
by hand calculations would be a challenge. After a discussion with Professor Parfitt, the ideas to use the
properties of ordinary concrete were within this report (Cracking Inertia, Ultimate Rupture, etc.).
Recognizing that some of the properties in regular concrete are weaker than post-tension, the author

realizes some of the drift results that failed could be from not using the post-tension properties.

Within the body of the report, a detailed description of the foundation, floor system and lateral system can
be located. Focusing on the lateral system for this report, the author mentions the wind and seismic
criteria in order to determine the initial loads on the expansion to Union Station. As mentioned above,
there are fifteen moment frames and the author decided to focus on two of the frames within the body of
the report (Refer to the Lateral System section of the report located on page 6 to see what frames will be
reported on). Each of the frames relative stiffness, forces, and drift from wind and seismic loads will be
looked. Within the appendixes of the report, there are detailed calculations for all fifteen moment frames.
The author included all the calculations to show how the complete process of the lateral analysis was

done for Union Station.

For both moment frames 2 and E, the allowable drift for the wind and seismic loads were within the limits.
However, there were other moment frames that did not pass the drift criteria for wind and/or seismic
loads. One main cause for this could be how the section properties for ordinary concrete were used
instead of post-tension. More reasons the author believes the frames did not pass can be located within

the conclusion, located on page 25.
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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 columns and 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 %2’ 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 1000 PSF, which is
considered weak for the soil. Fine to coarse sandy clay fill is the soil designation on the site for Union
Station. After examining the geotechnical report, each column supporting the structure above the track

level was designed to carry a typical load of 1000 kips to the ground.

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 5” light weight concrete slab over 1 %" gage LOK-Floor was used which makes the ground floor total
thickness to be 6 %2". Shear studs sized at %" 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

FRAME E

ordinary reinforced concrete moment frames. As

mentioned in the executive summary, two of the

FRAME 2

moment frames will be focused on in the body of

e
the report (See Figure 1 to the right). Frame 2 is ; 1
located within Area 1 of Union Station as spans in ; W

the north-south elevation while Frame E spans ;: -

east-west within Area 2. To see a plan view of all

moment frames with their designation for this

EXPASNION JOINT

technical report can be found in Appendix A,

Figure 1.
Figure 1: Moment Frames Used In Report

Lateral loads, as well as the gravity loads, reach the foundation of Union Station by first traveling through
the beams, then carry through the girders which connect to the columns. From there, all loads travel
down in the columns to the ground level and then the columns take all the loads into the square footers.
Figure 2 below shows a visual representation of how loads travel in the frames. Not all beams and girders
take part of the lateral system in Union Station. Figure 1 above only shows the beams and girders that act

as part of the lateral system. Intermediate beams and girders were left out of the figure.

»
L

»
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v
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Figure 2: Visual Representation of Loads Traveling Through Moment Frame

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

Codes and References:

The following tables represent codes used for the design of Union Station by the engineers in practice
and the codes used by the author of this technical report. Since Union Station was designed with different
edition of codes, values for loads and member sizes could be off depending if any significant changes
were to the codes. For this technical report, no significant changes to the codes will have an impact on

the values the author will obtain from the calculations.

CODES & REFRENCES (USED BY DESIGN TEAM)

‘DC Building Code 2003"

“International Building Code 2000" (as amended) — International Code Council

“DC Building Code Supplement 2000" (DCMR 12A)

“Building Code Requirements for Structural Concrete (ACI 318-02)" — American Concrete Institute

“ACI Manual of Concrete Practice 2003" — American Concrete Institute

“CRSI Handbook', 2002 Edition — Concrete Reinforcing Steel Institute

‘PCI Design Handbook, Fifth Edition” — Precast/Prestressed Concrete Institute

“PTI Design Manual, Fourth Edition® — Post Tensioning Institute

“Manual of Steel Construction” — American Institute of Steel Construction, Inc.

“ASCE 7-05", Minimum Design Loads for Buildings and Other Structures — American Society of Civil Engineers

Table 1: Codes & References Used by Design Team

CODES & REFRENCES (USED IN TECHNICAL REPORT IlI)
["International Building Code 2006"
"ASCE 7-05", Minimum Design Loads for Buildings and Other Structures — American Society of Civil Engineers
“Building Code Requirements for Structural Concrete (ACI 318-08)" — American Concrete Institute

Table 2: Codes & References Used in Technical Report Il

Drift Criteria:

In ordinance with the International Building Code, 2006 edition, the following allowable drift criteria will be

used to check the deflection of the expansion to Union Station.

Awing = H/400 [Allowable Building Drift]

Aseismic = 0.015hgx [Allowable Story Drift]
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Load Combinations:

The following table represents the LRFD load cases used in the analysis for this technical report. All load

combinations were obtained from the 2006 edition of the International Building Code, Section 1605.

LOAD CASES & COMBINATIONS: IBC 2006, SECTION 1605

1.4(Dead)

1.2(Dead) + 1.6(Live) + 0.5(Roof Live)

1.2(Dead) + 1.6(Roof Live) + (1.0 Live or 0.8 Wind)
1.2(Dead) + 1.6(Wind) + 1.0(Live) + 0.5(Roof Live)
1.2(Dead) + 1.0(Seismic) + 1.0(Live)

0.9(Dead) + 1.6(Wind)

0.9(Dead) + 1.0(Seismic)

Table 3: Load Combinations
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LATERAL RESISTING SYSTEM

Building Isometrics:

As previously mentioned, there are fifteen concrete moment frames within the expansion to Union
Station. Each frame extends from the ground floor to the roof and do not extend below to the track level.
Figure 3 below shows the entire structure, including intermediate beams and girders, while Figure 4

shows only the moment frames and how the interact with each other.

Figure 3: Isometric View of Union Station Structural System

Figure 4: Isometric View of Moment Frames
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Building Loads:

In order to determine story shears and member strengths, the following two tables regarding dead and
live load will be used. The loads represented in the tables are within the range to what the design team
for Union Station used. All the loads in the tables below were referenced out of ASCE 7-05.

Dead Loads
Typical Floor Loads (psf) Roof Loads (psf)
M.EP. 10 |MEP. 10
Finishes & Misc. 5 Finishes & Misc. 2
Slab 70 |Slab 70
Total 85 |Total 85

Table 4: Dead Loads

Live Loads
. Load
Building Space (psh)
COffice 50
Stairs 100
Landings 100
Lobbies 100
Mechanical 150
Parking 50
Partition 10

Table 5: Live Loads

Wind & Seismic Criteria:

As mentioned in the addendum in the beginning of the report, the initial wind and seismic loads were re-
calculated for this technical report. All the criteria used for them in the first technical report remained the
same. The only difference was making two areas for wind and seismic and changing the length used.
Wind loads were analyzed using Chapter 6 of ASCE 7-05 and the seismic loads were determined by

using Chapter 11 and 12 of ASCE as well. Appendix B and C have all the criteria and load calculations for
both wind and seismic.
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LOAD DISTRIBUTION AND ANALYSIS

Relative Stiffness:

In order to determine the relative stiffness of each moment frame located in Union Station, each frame
was modeled in SAP and each member that acts as part of a moment frame was dimensioned according
to the existing drawings. Using the same f'; values for the beams, girders (5000 psi), and columns (8000
psi) that the design team designed with, the author determined the modulus of elasticity (E.) for the

members by using the equation E; = 57,000(f ;)"

. A value of 4031 psi was used for the beams and
girders while a value of 5098 was used for the columns. Once these two values were inputted into SAP,
the program automatically adjusted all the properties for normal concrete to fit this requirement. As

mentioned in the executive summary, the author realizes that the values are not of post-tension design.

For each moment frame, a 1 Kip force was induced on the roof level acting in the horizontal plane and
then the deflection was checked at each level on the moment frame. By taking the force over the

deflection (P/A), relative stiffness for each level was then determined and the relative stiffness for the

entire moment frame was calculated by taking the average of all five levels.

As stated in the lateral system portion of the report, Frames 2 and E will be looked in depth for this report.
The following two tables are the relative stiffness for Frames 2 and E and the relative stiffness for all

fifteen moment frames can be located in Appendix D of this report.

Moment Frame 2: Area 1 Moment Frame E: Area 2
; : Displacem| Stiffness
Leve| |Displacement| Stiffness Level pt | o
(In) (Kip/in) ent(In) | (Kip/in)
Roof 0.005 200.00
Roof 0.0047 21277 3 00042 53810
5 0.0038 263.16
2 0.0027 370.37 2 0.0035 | 285.71
1 0.0017 588.24 1| 00027 | 370.37
Mezzaine 0.0007 142857 Mezzaine| 0.0015 | 666.67
Total 57262 Total 35217
Table 6: Relative Stiffness for Frame 2 Table 7: Relative Stiffness for Frame E
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Center of Rigidity:

Making the assumption that the center of mass for each
floor within each area is located at the center of the
slab, the author was able to determine the center of
rigidity for each floor. Table 8 breaks down the relative

stiffness for each moment frame floor by floor and the

+Y

[T

eccentricity, distance from the center of mass to the GREReS
center of rigidity, is shown in both the x and y direction, {]
located from the origins. Figure 6 to the right shows the @ Ll
coordinate system used for determining the center of :
rigidity for each level (the blue dots indicate the origins i'l -y
location on the figure). | [
!! +X
Il
{
i AREA 1 i
o |
o
Figure 6: Center of Rigidity Coordinate Axis
St Frame Stiffness: Area 1 Center of Rigidity
onf 1 2 3 4 A B c D Xa () | Yr (1)
Roof | 256.41 | 212.77 | 204.08 | 17857 | 236.10 | 909.09 | 909.09 | 43478 | 10196 | 8037
3 32258 | 263.16 | 256.41 | 217.39 | 27778 | 1000.00[1000.00] 52632 | 10288 | 79.85
2 476.19 | 370.37 | 357.14 | 294.12 | 344.83 | 1428.67|1428.57| 714.29 | 10342 | 77.75
1 833.33 | 588.24 | 625.00 | 45455 | 47619 | 2000.00] 2000.00] 1250.00] 107.27 | 76.24
Mezzaine | 2000.00] 1428 57| 1428 57| 1000.00] 76923 | 3333.33| 333333 250000 11086 | 7380
st Frame Stiffness Area 2 Center of Rigidity
ory 5 6 7 x E F G H X (M) | Ye(R)
Roof 178571 1852 |217.891] - 20000 | 47619 | 476.19 | 434.76 | 10846 | 8285
3 |217.891| 2273 | 27027 | - 23810 | 55556 | 55556 | 526.02 | 10902 | 8332
2 |294118| 3080 |384615] - 28571 | 71429 | 71429 | 71429 | 111.18 | 8431
1 454.545| 4762 = - 370.37 | 1000.00[1000.00[1000.00] 11215 | 50.14
Mezzaine| 1000 | 11171 E - | 66667 | 1666.67| 166667]|2000.00] 11550 | 5158

Table 8: Center of Rigidity for Area 1 and Area 2
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Direct, Torsional, & Net Forces:

In order to determine net forces acting on the frames, the calculation of direct and torsional forces need to
be done. Direct forces relate to the relative stiffness of each frame on each level. Appendix E gives
detailed calculations on how to solve for the direct forces for wind in both the north-south as well the east-

west direction. Appendix H is for the direct forces due to seismic loads.

Torsional forces come from the torsional moment on a floor that is due to wind and/or seismic load.
Appendixes F and | give the necessary calculations to determine the torsional forces due to wind

(Appendix F) and seismic (Appendix ).

The following table show all three forces for Frames 2 and E in both wind and seismic. By inspection,
wind forces will control, in north-south direction as well as the east-west direction, the drift of the building

since the values are greater than the seismic.

Momet Frame 2 Net Forces: Wind Moment Frame E Met Forces: Wind
avel Direct_Forces Torsion{il Forces| MNet Foroes ezl Direcl_FOfces Torsiongl Forces| MNet Forces
(Kips) (Kips) (Kips) (Kips) (Kips) (Kips)
Roof 10,72 -0.52 11.24 Roof 5.19 -1.52 6.71
3rd 42,35 -2.25 44.60 3rd 20.81 -6.24 27.05
2nd 9414 -6.05 100.19 2nd 43.02 -14.98 58.01
1st 160.02 -11.79 171.81 1st Téibaie) -31.08 102.83
Mezzaine 283.73 -27.15 310.88 Mezzaine 123.90 -61.06 184,96
Momet Frame 2 Net Forces: Seismic Moment Frame E Net Forces: Seismic
Leval Direct_Forces Torsion_al Forces| Net Foroes Lavel Direci_Forces Torsiongl Forces| Net Forces
(Kips) (Kips) (Kips) (Kips) (Kips) (Kips)
Roof 17.73 -0.43 18.16 Roof 7.81 -2.27 10.08
3rd 101.58 2,72 104,30 3rd 52.18 -15.63 67.81
2nd 62.07 -2.01 54.08 2nd 29.65 -10.33 39.98
1st 32.46 -1.20 33.66 1st 16.27 -6.60 21.87
Mezzaine 12.20 -0.59 12.79 Mezzaine 5.56 -2.75 8.31

Table 9: Net Force Results for Frame 2 and Frame E
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Serviceability Check:

From the previous section of this report, the net forces figured out for Frames 2 and E determined and the
loads were applied to the respected moment frames in SAP as well as the remaining thirteen frames.
After comparing all the frames, it was determined by the author that Frame 2 controls the drift from wind
in the north-south direction of Area 1 of Union Station while Frame E controls in the east-west direction of
Area 2 for wind as well. This was concluded by noticing both of the frames deflect the most when the net
forces are applied to each of them. However, neither Frame 2 nor E control in their respected direction in
the area they are located in for seismic drift. Appendix K shows each the drift in both wind and seismic for
each frame. The following frames will control in their respected direction and area for both wind and

seismic.

Controlling Wind Drift: Area 1

N-S Direction:. Moment Frame 2 E-W Direction: Moment Frame A

Controlling Wind Drift: Area 2

N-S Direction: Moment Frame 5 E-W Direction: Moment Frame E

Controlling Seismic Drift: Area 1

N-S Direction: Moment Frame 4 E-W Direction: Moment Frame A

Controlling Seismic Drift: Area 2

N-S Direction: Moment Frame 5 E-W Direction: Moment Frame E

Below are the tables for allowable drifts in Frames 2 and E for both wind and seismic. Wind drift was

compared against Awing = H/400 while seismic drift was analyzed with Aggismic = 0.015hsx. From looking at

the tables, both moment frames pass the drift criteria for wind and seismic. However, while doing the
other moment frames, some of them did not pass wind and/or seismic drift calculations. One possibility is
how the author used properties or ordinary concrete instead of post tension. Another is the wind and
seismic criteria for the loads are incorrect and there was a variable not taken into account throughout the

calculations.
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Wind Drift: Frame 2
s Story |Story Drift| Allowable Story Drift (in) | Total Drift | Allowable Total Drift {in)
Y | eight (f) | (in) 1 g = H/400 (in) Ayg = H/400
Roof 11.500 0.187 < | 0.345 | Acceptable 1.108 < | 1.94 Acceptable
3rd 11.500 0.147 < | 0.345 A 0.921 < | 1.595 | Accep
2nd 11.500 0.226 < | 0.345 Acceptable 0.774 < 1.25 Acceptable
1st 12.250 0.285 < | 0.368 Acceptable 0.548 < | 0.905 Acceptable
Mezzaine | 17.917 0.263 < | 0.538 Acceptable 0.263 < | 0.5375 | Acceptable
Wind Drift: Frame E
G Story [Story Drift| Allowable Story Drift (in) | Total Drift | Allowable Total Drift (in)
Y | Height () | (in) 0,1 = H/400 (in) B4 = H/400
Roof 11.500 0.044 < | 0.345 Acceptable 0.906 <| 194 Acceptable
3rd 11.500 0.055 < | 0.345 Acceptable 0.863 < | 1.595 Acceptable
2nd 11.500 0.072 < | 0.345 Acceptable 0.807 < 1.25 Acceptable
1st 12,250 0.256 < | 0.368 | Acceptable 0,735 | <| 0905 Acceptable
Mezzaine 17.917 0.479 < 0.538 Acceptable 0.479 < | 0.5375 Acceptable
Table 10: Wind Drift for Moment Frames 2 & E
Seismic Drift: Frame 2
Story | Story Drift| Allowable Story Drift (in] | Total Drift | Allowable Story Drift (in) |
SO0 yeight () | (in) Aqgianc = 0.015h,, (in) Agernuc = 0.015h,,
Roof 11,500 0.102 < | 0.173 | Acceptable 0.727 < | 097 Acceptable
3rd 11.500 0.139 < | 0.173 Acceptable 0.625 < | 0.7975 Acceptable
2nd 11.500 0171 < | 0173 Acceptable 0.486 < | 0.625 Acceptable
1st 12.250 0.173 < | 0.184 A 0.315 < | 0.4525
Mezzaine | 17917 0.142 < | 0.269 Acceptable 0.142 < | 0.2688 Acceptable
Seismic Drift: Frame E
G Story  |Story Drift| Allowable Story Drift (in) [ Total Drift | Allowable Story Drift (in)
Y | height () | (in) Dgemanc = 0.015h,, fin) Aseranc = 0.015h,,
Roof 11.500 0.047 < | 0173 Acceptable 0.554 <| 097 Acceptable
3rd 11.500 0.061 < | 0173 Acceptable 0.507 < | 0.7975 Acceptable
2nd 11.500 0.070 < | 0173 Acceptable 0.446 < | 0.625 Acceptable
1st 12.250 0.162 < | 0.184 Acceptable 0.376 < | 0.4525 Acceptable
Mezzaine 17917 0.214 < | 0.269 Acceptable 0.214 < | 0.2688 Acceptable

Table 11: Seismic Drift for Moment Frames 2 & E
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Overturning Check:

One important aspect of designing is to determine if there will be overturning affects due to the moment
caused by the building. A quick check was done for the expansion to Union Station for both areas for
overturning moment. Table 12 shows how the check was done for both wind and seismic loads. By taking
the controlling moment for each area and dividing by half the length in the direction that gives the
controlling moment, a force (P) was determined. Comparing the value of P to half the weight of the area
was done and since the weight in both areas is greater than P, overturning moment will not be an issue

for both wind and seismic.

Overturning Check: Wind
Area 1 Area 2
Moment " . Overturning | Moment . : Overturning
L/2 (ft P (K W/2 (K 2 (ft] P (Ki W/2 (Ki
ffoxd 72(7) | P(Kips) |W/2 (Kips)| ek | Y20 | PKies) [w/2 (Kips)| T
45500 89 511.24 11055 No 44000 82.75 531.72 11055 No
Overturning Check: Seismic
Area 1 Area 2
Moment : _ Overturning | Moment _ 2 Overturning
L/2 (ft P(K W/2 (K ft, P(K W/2 (K
e | Y2000 [ Pikis) fwr2 (kips) g | Y2000 | Poks) fwr2 kips)| T
22110 89 248.43 11055 No 21200 82.75 256.19 11055 No

Table 12: Overturning Check
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Member Verification:

Hand calculations were done for the highlighted members on Frame 2. The column was done with PCA
Column and the results show indicated the column is adequate to handle to loads that travel through it.
The beam calculations were all done by hand and according to the results, the beam cable of handling
the loads on the second floor by a factor of 2. Since the same beam is being used on each floor within the
frame, the design of the beam makes sense when you reach the first and mezzanine level. Since the
author used the assumption of regular concrete instead of post-tension, the values for the beam were

designed by a conservative approach.

I

Za ez ez ]

Figure 7: Designation of Members Checked By Hand Calculations
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pcaColumn v3.64 @ Portland Cement Association Page 1
Licensed to: Penn State University. License ID: 52411-1010265-4-22545-28F4D 11/20/08
untitled.col 02:51 PM
0000000 DO0DO 00000 DO00O DO000 00
o0 oD 00 00 00 Q0 00 oD o0 00 00
00 o0 00 00 00 o0 00 o0 00 00 00
oo oo 00 Q0 Q0 00 oo 00 00
00 Do 00 Q000000 00 1010] 00 00
Q000000 o0 00 00 o0 00 o0 00 00 00
00 oo 00 00 o0 00 o0 00 00 00
co Q0000 Q0 Q0 nelolsle] Q0000 Q0000 { TM}

Computer program for the Strength Design of Reinforced Concrete Sections

Licensee stated above acknowledges that Portland Cement Association
(PCA} is not and cannot bke responsible for either the accuracy or
adequacy of the material supplied as input for processing by the
pecaColumn (tm}) computer program. Furthermore, PCA neither makes any
warranty expressed nor implied with respect to the correctness of the
output prepared by the pcaColumn(tm} program.Although PCA has endeavorsd
te produce pcaColumn{tm} error free, the program is not and can't be
certified infallible. The final and only responsibility for analysis,
design and engineering documents is the licensees. Accordingly, PCA
disclaims all responsibility in contract, negligence or other tort for
any analysis, design or engineering documents prepared in connection
with the use of the pcaColumn (tm} program.
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peaColumn v3.64 @ Portland Cement Association
License ID:

Licensed to:
untitled.col

General Information:

File Mame:

Penn State University.

untitled.col

Project: Tech III
Column: Grid Line 7
Code: ACI 318-02

Run Option:
Run Axis:

Material Properties:

f'e =
Ec

8 ksi
5098.24 ksi

Ultimate strain =

Betal = 0.65

Section:

1]

Investigation
Y-axis

.003 in/in

Rectangular: Width = 40 in

Engineer:

52411-1010265-4-22545-28F4D

JWW

Units: English

Slenderness:

Column Type: Structural

fy
Es

60 ksi
30000 ksi

Depth = 40 in

Gross section area, Ag = 1600 in"2
Ix = 213333 in™4 Iy =
¥o = 0 in Yo =
Feinforcement:
Rebar Database: ASTM AG15
Size Diam (in} Area {(in"2} Size Diam (in)
# 3 0.38 011 it 0.50
# @ 0.75 0.44 # 0.88
t 9 1.13 1.00 # 10 1. 25
# 14 1.69 Poidih # 18 2.26
Confinement: Tied; #3 ties with #10 bars,
phifa) = 0.8, phi(b) = 0.9, phi(e}) = 0.65
Layout: Rectangular
Pattern: Equal Bar Spacing
Total steel area, As = 45.00 in®2 at 2.81%
20 #14 Cover = 1.5 in
Load Combinations:
Ul = 1.400*Dead + 0.000*Live + 0.000*Wind
U2 = 1.200*%Dead + 1.600*Live + 0.000*Wind
u3 1.200*Dead + 1.000*Live + 0.000*Wind
U4 = 1.200%Dead + 0.000*Live + 0.800*Wind
Us = 1.200*Dead + 1.000*Live + 1.600*Wind
Ué = 0.%00*Dead + 0.000*Live + 1.600*Wind
U7 = 1.200*Dead + 0.000*Live - 0.800*Wind
U8 = 1.200*Dead + 1.000*Live 1.600*Wind
Ug = 0.900%Dead + 0.000*Live 1.600*Wind
Ula0 1.200*Dead + 1.000*Live + 0.000*Wind
U1l = 0.%00*Dead + 0.000*Live + 0.000*Wind
Ul12 = 1.200*Dead + 1.000%*Live + 0.000*Wind
Ul3 = 0.%00*Dead + 0.000*Live + 0.000*Wind

Area

#4 with larger bars.

213333

in™4
in

{(in~2}

0.20 #
0.60 #
1.27  #
4.00

{Cover to transverse reinforcement)

0.000*EarthQuake
0.000*EarthQuake
0.000*EarthQuake
0.000*EarthQuake
0.000*EarthQuake
0.000*EarthQuake
0.000*EarthQuake
0.000*EarthQuake
0.000*EarthQuake
1.000*EarthQuake
1.000*EarthQuake
1.000*EarthQuaks
1.000*EarthQuake

Not considered

Size Diam

FPage 2

11/20/08

02:51 PM
{in} Area (in™2}
0.863 0.31
1.00 0.79
1.41 1.56
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peaColumn v3.64 @ Portland Cement Association

Licensed to:

untitled.col

Service Loads:

Load

No. Ca

se

Penn State University.

Axial Load Mx @
kip

License ID:

Top
k-ft

52411-1010265-4-22545-28F4D

0.0
0.0
0.0
0.0

0.0

My @ Top My @ Bot
k=ft k-ft

0.0 0.0

0 .0 0.0

21.5 192.0

Factored Loads and Moments with Corresponding Capacities:

0.0 0.0

(z=e user’'s manual

includes the following cases:

NOTE: Each loading combination
First line - at column top

Second line - at column bhottom
Load Pu Muy
No. Combo kip k-ft
1 1 m 1978.2 0.0
2 1978.2 0.0
3 1 vz 3086.0 0.0
4 3086.0 0.0
5 1 03 2564.6 0.0
& 2564.6 0.0
7 1 D4 1695.6 1732
8 1695.6 153.6
2 1 05 2564.6 34.4
10 2564.6 307.2
11 1 Ue 1271.7 34.4
12 1271.7 -307.2
13 1 07 169%5.6 -17.2
14 1695.6 153.6
15 1 08 2564 .6 34 .4
16 2564.6 307.2
17 1 0% 1271.7 -34.4
18 12717 307.2
1% 1 010 2564 .6 0.0
20 2564.6 0.0
21 1 011 1271.7 0.0
22 B2 0.0
23 1 1012 2564 .6 0.0
24 2564.6 0.0
2% 1 113 12711 0.0
26 1271.7 0.0

**% Program completed as requested!

* ok k

fMny

k—ft

4911.4
4911.4
4260.8
4260.8
4383.2
4383.2
5112.2
5172.2
4383.2
4383.2
4825.9
-4825.9
-5172.2
B172.2
4383.2
4383.2
-4825.9
4825.9
4383.2
4383.2
4825.9
4825.9
4383.2
4383.2
4825.9
4825.9

£Mn/Mu

. 999
. 9598
L2589
~959
. 999
. 999
.710
.673
.420
268
.287
.109
.710
.673
L4200
.268
287
.709
~959
. 999
. 999
89
L9959
. 998
5950,
999,

959
999

Page 3
11/20/08
02:51 PM

for notation)
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CONCLUSION

Throughout this technical report, a detailed look at the lateral system for two of the fifteen frames in the
expansion to Union Station was accomplished as well as spot checks on a beam and column in Frame 2.
Both of the frames past the allowable wind and seismic drift and the members checked were adequate to
carry the required loads.

While Frames 2 and E in the report past the criteria, Frames 5 through 7 did not pass either the wind or
seismic drift. As stated within the executive summary and throughout the body of the report, one
possibility for this was using the properties of ordinary concrete instead of post-tension. Another
possibility that the author believes that all three frames did not pass was excluding a moment frame that
did not seem representative of one. By inspecting Figure 1 from Appendix A, the end of Area 2 is an
overhang. Here there are no columns running from the roof to the ground floor, but there are columns that
run from the roof to the second floor.

After reviewing the drawings and all calculations for this technical report, the author determined that the
column line Aa is indeed a moment frame for the supporting floors of the overhang. If the author was to
include this moment frame within the report, there is the possibility that Frames 5 through 7 would pass
because there would be an additional frame that would take lateral load from the other three frames
spanning in the respective direction.

Moment Frames 1 through 3 with respect to seismic forces had one level not pass the criteria. Not using
the properties of post-tension concrete is the best beliefs for the frames to have a floor not passing the
criteria.

From inspection by the calculations done for this technical report, the wind loads will act as the controlling
lateral load. Each area of Union Station is capable of handling the wind load, as well as the seismic, if the

worst case scenario load came in contact with the building.
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] 2] 2] 7]
Figure 2: Moment Frames 1 Through 6
] va iz wa

Figure 3: Moment Frame 7
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£ %

Figure 4: Moment Frames A Through D

%

eA

Figure 5: Moment Frames E Through H
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General Information
Basic Wind Speed (V) 90 mph
Wind Exposure Category B
Building Category i
Importance Factor 1.15
Wind Directionality Factor (Kq) 0.85
Topographic factor (Kz) 1.0
Number of Stories 5
Building Height (Feet)’ 90.62
N-S Building Length (Feet) 178
E-W Building Length (Feet) 189
L/B in N-S Direction 0.942
L/B in E-W Direction 1.06

1) Height Includes Parapet On Roof & Track

Table 1: General Wind Information for Union Station: Area 1

Gust Factor
. Wind Direction

Variable S =

Stiffness Rigid Rigid
B (Feet) 189 178
L (Feet) 178 189
h(Feet)* | 6567 65.67
c 0.30 0.30
z (Feet) 52.9 52.9
(= 0.291 0.201
| (Feet) 320 320
E 1/3.0 1/3.0
L, (Feet) 340 340
Q 0.81 0.77
do &g, 3.4 3.4
G 0.81 0.81

2) Doesn't Inclucle Track Level

Table 2: Gust Factor Variables for Union Station: Area 1

Wind Direction |C,, Windward |C,, Leeward [Gust Factor [GC,°
N-S Direction 0.8 -0.5 0.81 +0.55
E-W Direction 0.8 -0.25 0.81 +0.55

3) Used since there are multiple openings in the fagade

Table 3: Variables for Wind Calculations for Union Station: Area 1
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Wind (North-South)
. Tributary Story Story | Overturning

Level H'f;g?t Area Ka qu Windward| Leeward [ Total Force Shear Moment
(Fest) (Feet) (psf) (psf) s P | (kips) | (kips) | (Ftkips)

Roof 90.62 5.75 0.96 195 23.3 -18.6 41.9 429 429 246.6

3 76.67 11.5 092 18.6 223 -186 409 1705 | 2134 17202

2 65.17 11.5 0.87 17.6 21.1 -18.6 39.7 3807 | 5941 6363.3
1 5367 11.875 0.82 16.6 19.9 -18.6 385 6804 | 12745 | 174578
Mezzaine 41.42 15.1 0.77 156 18.7 -18.6 7.3 1163.3 | 24377 45484 8
Ground 235 10,96 0.65 13.2 15.8 -18.6 344 | 11633 | 24377 | 454848
Track Level 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2437.7 | 454848

Table 4: North-South Pressures, Forces, & Overturning Moment for Union Station: Area 1
Wind (East-West)
; Tributary Story Story | Overturning
1

Level l(—:fel i':)t Area Kz U“f Windward L?ewf? d (Totfa; Force Shear Moment
(Feet) (psf) (psf) ps ps Kips) | (Kips) | (Ft-Kips)

Roof 90,62 575 0.96 195 233 146 380 412 1.2 237.2

3 76.687 11.5 0.92 18.6 223 -14.6 37.0 163.9 205.2 1654.1

2 65.17 115 0.87 17.6 211 146 358 3657 | 5709 6116.3
1 5367 11.875 0.82 16.6 19.9 -146 346 6529 | 12238 | 167719
Mezzaine 41.42 151 0.77 15.6 18.7 146 333 | 11151 | 2338.8 | 436696
Ground 235 10.96 0.65 132 15.8 146 304 | 11151 | 23388 | 43669.6
Track Level 0 0 0 00 0.0 1486 146 0.0 23388 | 43669.6

Table 5: East-West Pressures, Forces, & Overturning Moment for Union Station: Area 1

General Information
Basic Wind Speed (V) 90 mph
Wind Exposure Category B
Building Category i
Importance Factor 1.15
Wind Directionality Factor (Ky) 0.85
Topographic factor (K,) 1.0
Number of Stories 5
Building Height (Feet]l1 90.62
M-S Building Length (Feet) 165.5
E-W Building Length (Feet) 189
/B in N-S Direction 0.876
L/B in E-W Direction 114

1) Height Includes Parapet On Roof & Track

Table 6: General Wind Information for Union Station: Area 2
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Gust Factor
. Wind Direction
Variable S =W
Stiffness Rigid Rigid
B (Feet) 189 165.5
L (Feet) 165.5 189
h(Feet)® [ 65.67 65.67
o 0.30 0.30
z (Feet) 52.9 52.9
I, 0.291 0.281
T (Feet) 320 300
= 1/3.0 1/3.0
L, (Feet) 340 340
Q 0.81 0.77
Og &gy 3.4 3.4
G 0.81 0.81

2) Doesn't Include Track Level

Table 7: Gust Factor Variables for Union Station: Area 2

Wind Direction |C,, Windward |C,, Leeward |Gust Factor GCF‘3
N-S Direction 0.8 -0.5 0.81 +0.55
E-W Direction 0.8 -0.25 0.81 +=0.55

3) Used since there are multiple openings in the fagade

Table 8: Variables for Wind Calculations for Union Station: Area 2

Wind (North-South)
Tributa Stol Stol Overturnin
Level HFE lg?t Area i Kz % Windward | Leeward Total Fon::re}‘r She;vr Moment °

(Feet) (Feet) (psf) (psf) (psf) (psf) ips) | (kips) | (FtKips)

Roof 90.62 575 0.96 19.5 233 -18.6 419 39.9 39.9 229.2

3 76.67 11.5 0.92 186 223 -18.6 409 158.5 198.4 1599.4

2 65.17 11.5 0.87 17.6 21.1 -18.6 39.7 354.0 552.4 5816.4

il 53.67 11.875 0.82 16.6 19.9 -18.6 38.5 B632.6 1185.0 16231.8
Mezzaine 41.42 15.1 0.77 15.6 18.7 -18.6 37.3 10816 | 2266.5 42290.6
Ground 235 10.96 0.65 13.2 15.8 -18.6 344 10816 | 22665 422906
Track Level 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2266.5 42290.6

Table 9: North-South Pressures, Forces, & Overturning Moment for Union Station: Area 2

Wind (East-West)
. Tributary Story Story | Overturning

Level H:;i?l Area Ke q,f Windward [ Leeward | - Total Force Shear Moment
(Feel) (Fest) (psf) (psf) (s | P | (kips) | (Kips) | (Ftkips)

Roof 90.62 5.75 0,96 19.5 23.3 -14.6 38.0 11,2 412 237.2

3 76.67 11.5 0.92 18.6 223 -14.6 37.0 163.9 205.2 1654.1

2 65.17 11.5 0.87 17.6 21.1 -14.6 35.8 365.7 570.9 6116.3
1 53.67 11.875 0.82 16.6 19.9 -14.6 3486 652.9 1223.8 16771.9
Mezzaine 41.42 15.1 0.77 15.6 18.7 -14.6 33.3 1115.1 2338.8 43669.6
Ground 23.5 10.96 0.65 13.2 15.8 -14.6 304 1115.1 2338.8 43669.6
Track Level 0 0 0 0.0 0.0 -14.6 146 0.0 2338.8 43669.6

Table 10: East-West Pressures, Forces, & Overturning Moment for Union Station: Area 2
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Seismic Parameters
Seismic
: Occupancy | Importance :
s, s, Site Class Gatagory Factor Fa Fy Sws Sy = Sty CE;?::::y R =
0.153 0.05 D 11l 1.25 1.6 2.4 0.245 0.120 0.163 0.080 B 3 1.7
T = T c Roof Dead | Floor Dead | Snow |Wall Load| Wi Wiear w A P v
A - © | Load (psh) [Load (psf)' |Load (ps)| (psf) | (kips) | (kips)’ | (Kips) () () (Kips)
0.901 1.53 0.480 0.0218 75 140 21 35 3268 38840 42108 33642 734 918
1) Floor dead |oads include the weight of the slab, beams, girders, and columns
2) Total force for all levels not including roof
Table 1: Seismic Design Parameters for Union Station: Area 1
. Tributary "
Level Height Area Co E, Cwverturning
(Feet) (Feet) (Kips) Moment
(Ft-Kips)
Roof 88.12 5.75 0.08 71 405.8
3 76.67 1.5 0.45 409 3566.5
2 6517 135 0.27 251 10518.9
] 53.67 11.875 0.15 138 20007 .4
Mezzaine | 41.42 15.1 0.05 50 334917
Ground 23.5 10.96 1.00 918 33491.7
Track Level 0 0 1.00 918 33491.7
Table 2: Seismic Shear & Overturning Moment for Union Station: Area 1
Seismic Parameters
Seismic
. Occupancy | Importance E 3
5, = Site Class Catsoo Facior Ea v Sus S Sos Sy '::I:::;goﬂn‘r R C.
0.153 0.05 D 1] 1.25 1.6 2.4 0.245 0.120 0.163 0.080 B 3 1.7
T T - c Roof Dead | Floor Dead| Snow |Wall Load| Wiy Wioar w Aq P v
x ’ . Load (psf) | Load (psf)’ |Load (psf)| (psh) (kips) (kips)® (Kips) (ft) (1) (kips)
0.901 153 0.450 0.0218 75 140 21 35 3044 38840 41884 31279.5 709 913

1) Floor dead loads include the weight of the slab, beams, girders, and columns
2) Total force for all levels not including roof

Table 3: Seismic Design Parameters for Union Station: Area 2

s Height T'fr‘:aaw & Fo  |overturning

(Feet) (Feet) (Kips) Moment
(Ft-Kips)

Roof 88.12 5.75 0.07 62 353.8

3 76.67 11.5 0.45 411 3421.9
2 65.17 115 0.28 252 10300.5
1 53.67 11.875 0.15 139 19724.0
Mezzaine | 4142 15.1 0.05 50 331326
Ground 23.5 10.96 1.00 913 33132.6
Track Level 0 0 1.00 913 3313286

Table 4: Seismic Shear & Overturning Moment for Union Station: Area 2
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Joseph W. Wilcher Ill Union Station Expansion

Structural Option Washington DC
Adviser: M. K. Parfitt Technical Report llI November 21, 2008
Moment Frame 1. Area 1 Moment Frame 2: Area 1
tevel Displacement| Stiffness Level Displacement| Stiffness
Sk (In) (Kipfin) =i (In) (Kipfin)
Roof 0.0039 256 41 Roof 0.0047 21277
3 0.0031 322 58 i 0.0038 263.16
2 0.0021 476.19 2 0.0027 370.37
1 0.0012 833.33 1 0.0017 588.24
Mezzaine 0.0005 2000.00 Mezzaine 0.0007 1428.57
Total 777.70 Total 572 62
Moment Frame 3. Area 1 Moment Frame 4: Area 1
Displacement| Stiffness Displacement| Stiffness
Level (In) (Kipfin) Level (In) (Kip/in)
Roof 0.0049 204.08 Roof 0.0056 178.57
3 0.0039 256 41 o 0.0046 217.38
2 0.0028 35714 2 0.0034 29412
1 0.0016 625.00 1 0.0022 454 55
Mezzaine 0.0007 1428.57 Mezzaine 0.001 1000.00
Total 574.24 [otal 428.93
Moment Frame 35; Area 2 Moment Frame 6. Area 2
Displacement| Stiffness Displacement| Stiffness
Foxal (In) (Kipfin) LevEl (In) (Kip/in)
Roof 0.0056 178 .57 Roof 0.0054 185.19
3 0.0046 217.39 3 0.0044 227.27
2 0.0034 29412 2 0.0033 303.03
1 0.0022 454 55 1 0.0021 476.19
Mezzaine 0.001 1000.00 Mezzaine 0.0009 1111.11
Total 428 93 [otal 460.56
Moment Frame 7. Area 2
Displacement | Stiffness
Level (In) (Kipfin)
Roof 0.0046 217.39
3 0.0037 27027
2 0.0026 38462
q = =
Mezzaine - -
Total 174 46

Table 1: Moment Frames 1 Through 7 Level & Total Stiffness
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Moment Frame A: Area 1 Moment Frame B: Area 1

laval Displacem| Stiffness Lavel Displacem| Stiffness
ent (In) (Kipfin) ent (In) (Kip/in)
Roof 0.0042 238.10 Roof 0.0011 903.09
3 0.0036 277.78 3 0.001 1000.00
2 0.0029 344 83 2 0.0007 1428.57
il 0.0021 476.19 1 0.0005 2000.00
Mezzaine| 00013 768.23 Mezzaine| 0.0003 3333.33
Total 421.22 Total 1734.20
Moment Frame C: Area 1 Moment Frame D: Area 1
lovel Displacem| Stiffness Level Displacem| Stiffness
ent (In) (Kip/in) ent (In} (Kip/in)
Roof 0.0011 909.09 Roof 0.0023 43478
3 0.001 1000.00 3 0.0019 526.32
2 0.0007 1428.57 2 0.0014 714.29
1 0.0005 | 2000.00 1 0.0008 1250.00
Mezzaine| 0.0003 3333.33 Mezzaine| 0.0004 2500.00
Total 1734.20 Total 1085.08
Moment Frame E: Area 2 Moment Frame F: Area 2
Displacem| Stiffness Displacem| Stiffness
LeE oo Rinin e
Roof 0.005 200.00 Roof 0.0021 476.19
3 0.0042 238.10 8 0.0018 5565.56
2 0.0035 285.71 2 0.0014 714,29
1 0.0027 370.37 1 0.001 1000.00
Mezzaine| 0.0015 666.67 Mezzaine| 0.0006 | 1666.67
Total 352.17 Total 882.54
Moment Frame G: Area 2 Moment Frame H: Area 2
Displacem| Stiffness Displacem| Stiffness
Level | ert(n) | (Kipfin) Level | ert(in) | (Kipin)
Roof 0.0021 476,19 Roof 0.0023 434,78
3 0.0018 555 56 3 0.0019 526.32
2 0.0014 714.29 2 0.0014 714.29
1 0.001 1000.00 1 0.001 1000.00
Mezzaine| 0.0006 | 1666.67 Mezzaine| 0.0005 2000.00
Total 882 54 Total 935.08

Table 2: Moment Frames A Through H Level & Total Stiffness
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Table 1: Direct Forces Due to Wind on Union Station: Area 1

Direct Forces: Area 1 (N-S Direction)
Force
Roof K P K (Kips)
1.00 256.41 4290 851.83 12.91
2.00 21277 42 .90 851.83 10.72
3.00 204.08 42 90 851.83 10.28
4.00 178.57 42.90 851.83 8.99
Total 42,90
Direct Forces: Area 1 (E-W Direction)
Force
Roof K P K, (Kips)
A 238.10 41.20 2491.06 3.94
B 909.09 41.20 2491.06 15.04
C 909.09 41.20 2491.06 15.04
D 434.78 41.20 2491.06 7.18
Total 41.20
Direct Forces: Area 1 (N-S Direction)
Force
3rd Floor K P K, (Kips)
1.00 322.58 170.50 1039.54 91.91
2.00 263.16 170.50 1059.54 42 .35
3.00 256.41 170.50 1059.54 41.26
4.00 217.39 170.50 1059.54 3498
Total 170.50
Direct Forces: Area 1 (E-W Direction
Force
3rd Floor K P K, (Kips)
A 277.78 163.90 2804.10 16.24
B 1000.00 | 163.90 2804.10 58.45
C 1000.00 | 163.90 2804.10 58.45
D 526.32 163.90 2804.10 30.76
Total 163.90
Direct Forces: Area 1 (N-S Direction)
Force
2nd Floor K P ZK, (Kips)
1.00 476.19 380.70 1497 .82 121.03
2.00 370.37 380.70 1487 82 94 14
3.00 357 14 380.70 1497 82 90.77
4.00 29412 380.70 1497 .82 74.76
Total 380.70
Direct Forces: Area 1 (E-W Direction
Force
2nd Floor K P K| (Kips)
A 344.83 365.70 3916.26 32.20
B 1428 .57 365.70 3916.26 133.40
®] 1428.57 | 365.70 3916.26 133.40
D 714.29 365.70 3916.26 66.70
Total 365.70
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Direct Forces: Area 1 (N-S Direction)
Force
1st Floor K P K (Kips)
1.00 833.33 6580.40 2501.12 226.70
2.00 588.24 680.40 2501.12 160.02
3.00 625.00 580.40 2501.12 170.02
400 454 55 680 40 2501.12 123.65
Total 680.40
Direct Forces: Area 1 (E-W Direction
Force
1st Floor K P K, (Kips)
A 476.19 652.90 5726.19 54.30
B 2000.00 652.90 5726.19 228.04
C 2000.00 652 90 5726.19 228.04
D 1250.00 652.90 5726.19 142 52
Total 652.90
Direct Forces: Area 1 (N-S Direction)
. Force
Mezzaine K P K, (Kips)
1.00 2000.00 | 1163.30 5857 .14 397.22
2.00 1428 57 | 1163.30 5857.14 283.73
3.00 142857 | 1163.30 5857 .14 283.73
4.00 1000.00 | 1163.30 5857.14 198.61
Total 1163.30
Direct Forces: Area 1 (E-W Direction
. Force
Mezzaine Ki P K, (Kips)
A 769.23 1115.10 9935 .89 86.33
B 3333.33 | 111510 9935.89 37410
C 3333.33 | 1115.10 9935.89 374.10
D 2500.00 | 1115.10 9935.89 280.57
Total 1115.10

Table 1 Continued
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Table 2: Direct Forces Due to Wind on Union Station: Area 2

Direct Forces: Area 2 (N-S Direction)
Force
Roof K P K (Kips)
5.00 178.57 39.90 581.15 12.26
6.00 185.19 39.90 581.15 1291
7.00 217.39 39.90 581.15 14.93
Total 39.90
Direct Forces: Area 2 (E-W Direction)
Force
K
Roof i P K (Kips)
E 200.00 41.20 1587.16 2,19
F 476.19 41.20 1587.16 12.36
G 47619 41.20 1687.16 12.36
H 43478 41.20 1587.16 11.29
Total 41.20
Direct Forces: Area 2 (N-S Direction)
Force
3rd Floor K P K (Kips)
5.00 217.39 158.50 71493 48.20
6.00 20027 158.50 714.93 50.39
7.00 270.27 158.50 714.93 299.92
Total 158.50
Direct Forces: Area 2 (E-W Direction
Force
3rd Floor K P K, (Kips)
E 238.10 163.90 1875.54 20.81
F 255.56 163.90 1872.54 48.55
G 555.56 163.90 1875.64 48 55
H 526.32 163.80 1875.54 4599
Total 163.90
Direct Forces: Area 2 (N-S Direction)
Force
K ZK,
2nd Floor | F | (Kips)
5.00 29412 354.00 981.77 106.05
6.00 303.03 354.00 SB81.77 109.26
7.00 384.62 354.00 981.77 138.68
Total 354.00
Direct Forces: Area 2 (E-W Direction
Force
K IK,
2nd Floor i P i (Kips)
E 285.71 365.70 2428.58 43.02
F 714.29 365.70 2428.58 107.56
G 714.29 365.70 2428.58 107 .56
H 714.29 365.70 2428 68 107.56
Total 36570
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Direct Forces: Area 2 (N-S Direction)
Force
1st Floor K P ZK; (Kips)
5.00 454.55 632.60 930.74 308.95
6.00 476.19 632 60 930.74 323.65
7.00 - - = -
Total 632.60
Direct Forces: Area 2 (E-W Direction)
Force
K 2K
1st Floor i P i (Kips
E 370.37 652.90 3370.37 71.75
F 1000.00 | 65290 3370.37 193.72
G 1000.00 | 65290 3370.37 193.72
H 1000.00 | 652.90 3370.37 193.72
Total 652.90
Direct Forces: Area 2 (N-S Direction)
: Force
K
Mezzaine i P ZK| (Kips)
5.00 1000.00 | 1081.60 2111.11 512.34
6.00 1111.11 | 1081.60 Atk 569.26
7.00 - - = =
Total 1081.60
Direct Forces: Area 2 (E-W Direction
: Force
Mezzaine Ki P K| (Kips)
E 666.67 1115.10 6000.01 123.90
F 1666.67 | 1115.10 6000.01 308.75
G 1666.67 | 1115.10 6000.01 308.75
H 2000.00 | 1115.10 6000.01 371.70
Total 1115.10

Table 2 Continued
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Torsional Moment Due To Wind: Area 1
avel Story Force (Kips) | Story Force (Kips) | ens | Sew Mo_e—s ME_W
North-South East-West (ft) (ft) (ft-kips) | (ft-kips)
Roof 42.88 41,25 8,63 | 746 | 37014 307.76
3 170.52 163.93 9.15 | 838 | 1559.90 | 1373.07
2 380.69 365.68 11.25| 8.92 | 428333 | 3260.05
1 680.37 652.92 12.76 | 12.77 | 8680.52 | 8337.96
Mezzaine 1163.26 1115.05 15.20 | 16.46 | 17675.92 ] 18355.20
Torsional Moment Due Te Wind: Area 2
T Story Force (Kips) | Story Force (Kips) | &ws | €ew Mm_a-s Me_.w
North-South East-West (ft) (ft) (ft-kips) | (ft-kips)
Roof 39.87 41.25 615 |1 13.98| 24518 576.59
3 158.55 163.93 5.68 | 1452 S00.17 | 2380.65
2 353.96 365.68 469 | 16.68 | 1659.55 | 6098.22
1 63259 652.92 38.86 | 17.65 | 24582.69 | 11526.54
Mezzaine 1081.57 1115.05 258 | 21.00| 2789.32 | 23416.10

Table 1: Torsional Moments Due to Wind

Forces By Torsional Moment: N-S Direction (Area 1) Forces By Torsional Moment: E-W Direction (Area 1)
2 Force 2 Force

Roof Ki d Kid (Kips) Roof Ky d Kdy (Kips)
1 256.41 -80.37 1656239 -1.265 9 256.41 -80.37 1656148 -0.526
2 212.77 -40.37 346759 -0.5623 2 21277 -40.37 346714 -0.219
3 204.08 57.63 677794 0.717 3 204.08 57.63 677852 0.300
4 178.57 97.63 1702061 1.062 4 178.57 97.63 1702152 0.445
A 238.10 -101.96 2475250 -1.479 A 23810 [ -101.96 2475272 -0.620
B 908.09 -38.96 1379891 -2.158 B 909.09 -38.96 1379996 -0.904
C 908.09 24.04 525383 1.331 C 909.09 24.04 525319 0.558
D 434.78 87.04 3293877 2.306 D 434.78 87.04 3293785 0.966

Total] 12057253 0.00 Total] 12057239 0.00

Forces By Torsional Moment: N-S Direction (Area 1) Forces By Torsional Moment: E-W Direction (Area 1)

2 Faorce 2 Farce

3rdFioor | K, d K (Kips) SrdFloor [ K 4 i (Kips)
1 322.58 -79.85 2056777 -5.536 1 322.58 -79.85 2056894 -2.455
2 263.16 -39.85 417904 -2.254 2 263.16 -39.85 417946 -1.000

3 256.41 58.15 867031 3.204 3 256.41 58.15 866966 1.421
4 217.39 98.15 2094210 4.586 4 217.39 98.15 2094117 2.034
A 277.78 -102.88 2940105 -6.142 A 277.78 | -102.88 2939848 -2.724
B 1000.00 | -39.88 1590414 -8.571 B 1000.00 | -39.88 1590088 -3.801
C 1000.00 23.12 534534 4.969 C 1000.00 23.12 534723 2.204

D 526.32 86.12 3903534 9.741 D 526.32 86.12 3903204 4.321

Total] 14404509 0.00 Total] 14404486 0.00

Table 2: Torsional Forces Due to Wind: Area 1
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Forces By Torsional Moment: N-S Direction (Area 1)
2ndFloor | K d Kid? (Flg;’;
1 47619 | -77.75 | 2878598 | -16.024
2 37037 | ar.75 527800 6.051
3 35714 | 60.25 | 1296441 9.313
7] 29412 | 100.25 | 2955924 | 12.761
A 344.83 | 10342 | 3688197 | -15.435
B 142857 | 4042 | 2333964 | 24.991
c 142857 | 22.50 728366 13.961
D 71429 | 8556 | 5231415 | 26.457
Total] 19640705 | -0.01
Forces By Torsional Moment: N-S Direction (Area 1)
1st Floor K d K2 52;?;
7 83333 | -76.24 | 4843762 | -35.127
% 588.24 | -36.24 772558 | -11.767
3 625.00 | 61.76 | 2383936 | 21.342
a4 45455 | 101.76 | 4706910 | 25574
A 47619 | -107.27 | 5479448 | -28.242
B 200000 | 4427 | 3919666 | -46.953
G 2000.00 | 18.73 701626 20.711
D 1250.00 | 81.73 | 8349741 | 56.485
Total] 31157646 0.00
Forces By Torsional Moment: N-S Direction {Area 1)
: 2 Force
Mezzaine K o Kd (Kips)
1 2000.00 | -73.80 | 10892880 | -82.990
2 142857 | -33.80 | 1632056 | 27.149
3 142667 | 64.20 5686051 51.568
4 1000.00 | 10420 | 10857640 | 58568
A 769.23 | -110.96 | 9470853 | -47.991
B 333333 | -47.96 | 76671986 | -89.887
7] 3333.33 | 1504 754005 28.188
D 2500.00 | 7604 | 152265604 | 109.698
Tolal| 62388286 0.02

Forces By Torsional Moment: E-W Direction (Area 1)
2 Force
2nd Floor Ky g Ky (Kips)
1 476,19 -77.75 2878598 -5.145
2 370.37 -37.75 527800 -2.321
3 357.14 60.25 12896441 3.572
4 29412 100.25 2955924 4.894
A 34483 -103.42 3688197 -5.918
B 1428.57 -40.42 2333864 -0.584
C 142857 22.58 728366 5.354
D 714.29 85.58 5231415 10.146
Total] 19640705 0.00
Forces By Torsional Moment: E-W Direction (Area 1)
2 Force
1st Floor K g K (Kips)
1 833.33 -76.24 4843762 -17.002
2 588.24 -36.24 772558 -5.705
3 625.00 61.76 23838936 10.330
4 454.55 101.76 4706910 12.378
A 476,19 -107.27 5479448 -13.670
B 200000 | -44.27 3919666 -23.694
C 2000.00 18.73 701626 10.025
D 1250.00 81.73 8349741 27.339
Total] 31157646 0.00
Forces By Torsional Moment: E-W Direction (Area 1)
= 2 Force
Mezzaine K d Kd, (Kips)
1 2000.00 -73.80 10892880 -43.425
2 142857 | -33.80 1632056 -14.206
3 1428.57 64.20 5888051 26.983
4 1000.00 | 104.20 10857640 30.657
A 769.23 | -110.96 9470853 -25.112
B 3333.33 -47 .96 7667198 -47.034
C 3333.33 15.04 754005 14.750
D 2500.00 78.04 15225604 57.400
Total] 62388286 0.01

Table 2 Continued
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Forces By Torsional Moment: N-S Direction (Area 2)
2 Force
Roof K d K, (Kips)
5 178.57 -82.85 1225726 -0.940
[ 185.19 15.15 42505 0178
7 217.39 55.15 661197 0.762
E 200.00 -108.48 2353582 1.379
F 476.19 -45.48 984966 -1.377
G 476,19 17.52 146167 0.530
H 434.78 80.52 2818883 2.225
Total] 8233026 0.00
Forces By Torsional Moment: N-S Direction (Area 2)
2 Force
3rd Floor K d K (Kips)
-] 217.39 -83.32 1509170 -3.515
[ 227.27 14,68 48977 0.648
7 270,27 5468 808081 2.868
E 238.10 -109.02 2829804 -5.038
F 5565.56 -46.02 1176587 -4.962
G 555.56 16.98 160178 1.831
H 526.32 79.98 3366764 8.170
Total] 9899663 0.00
Forces By Torsional Moment: N-S Direction (Area 2)
Force
d 2
2nd Floor K | K (Kips)
5 29412 -84.31 2080657 -6.794
[ 303.03 13.69 56793 1.137
i 384.62 53.69 1108712 5.658
E 285.71 -111.18 3531659 -8.703
F 714.29 -48.18 1658090 -9.429
G 714.29 14.82 156881 2.900
H 714.29 77.82 4325706 15.230
Total] 12928498 0.00
Forces By Torsional Moment: N-S Direction (Area 2)
2 Force
1st Floor K o Kid (Kips)
5 454.55 -50.14 1142748 -77.626
6 476.19 47.86 1090751 77.624
7 + . ” 2
E 370.37 -112.15 4658374 -141.474
F 1000.00 | -49.15 2415723 -167.404
G 1000.00 13.85 191823 47.173
H 1000.00 76.85 5905923 261.750
Total] 15405340 0.04
Forces By Torsional Moment: N-S Direction (Area 2)
: 2 Force
Mezzaine Ki c Kid (Kips)
[} 1000.00 | -51.58 2660496 -10.399
[ 1111.11 46.42 2394238 10.399
7 L i i u
E 666.67 -115.50 8893544 -15.524
F 1666.67 | -52.50 4593759 -17.641
G 1666.67 10.50 183750 3.528
H 2000.00 73.50 10804500 29.637
Total] 29530288 0.00

Forces By Torsional Moment. E-W Direction (Area 2)
Force
d 2
Roof K i Ky (Kips)
5 178.57 -82.85 1225726 -1.036
[ 185.19 15.15 42505 0.196
7 217.39 55.15 661197 0.840
E 200.00 -108.48 2353582 -1.519
B 476.19 -45.48 984966 -1.517
G 476.19 17.52 146167 0.584
H 434.78 80.52 2818883 2.452
Total] 8233026 0.00
Forces By Torsional Moment: E-W Direction (Area 2)
2 Force
3rd Floor K d K (Kips)
5 217.39 -83.32 1509170 -4.356
& 22727 14.68 48977 0.802
7 270.27 54.68 808081 3.554
3 238.10 -109.02 2828904 -6.242
F 555.56 -46.02 1176587 -6.148
G 565.56 16.98 160179 2.268
H 526.32 79.98 3366764 10123
Total] 9899663 0.00
Forces By Torsional Moment: E-W Direction (Area 2)
Force
d Fl d 2
2nd Floor K 1 K (Kips)
5 29412 -84.31 2080657 -11.697
& 303.03 13.69 56793 1.957
7 384.62 53.689 1108712 9.740
E 285.71 -111.18 3531659 -14.983
F 714.29 -48.18 1658090 -16.233
G 714.29 14.82 156881 4993
H 714.29 77.82 4325706 26.218
Total] 12928498 0.00
Forces By Torsional Moment: E-W Direction (Area 2)
Force
1st Fi d 3 ;
oor Ky ] Ky (Kips)
5 454.55 -50.14 1142748 -17.053
6 476.19 47.86 1080751 17.052
7 & " 4 m
E 370.37 -112.15 4658374 -31.079
F 1000.00 -43.15 2415723 -36.775
G 1000.00 13.85 191823 10.363
H 1000.00 76.85 5905923 57.500
Total] 15405340 0.01
Forces By Torsional Moment; E-W Direction (Area 2)
: Force
d 2
Mezzaine K | Kidi (Kips)
5 1000.00 -51.58 2660496 -40.900
6 1111.11 46.42 23894238 40.899
7 P R % &
E 666.67 -115.50 8893544 -61.058
F 1666.67 -52.50 4593759 -69.383
G 1666.67 10.50 183750 13.877
H 2000.00 73.50 10804500 116.564
Total] 29530288 0.00

Table 3: Torsional Forces Due to Wind: Area 2
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Net Force On Frames (E-W Direction): Area 1

Roof | Direct Force [ Torsional Force | Net Force
(Kips) (Kips) (Kips)
1 - -0.53 0.53
2 -0.22 022
3 0.30 0.30
4 - 0.45 0.45
A 3.94 -0.62 4.56
B 15.04 -0.90 15.94
C 15.04 0.56 15.59
D 7.19 0.97 8.16
Net Force On Frames (E-W Direction): Area 1
Direct Force | Torsional Force | Net Force
AR | il (kips) | (Kips)
1 - -2.46 2.46
2 -1.00 1.00
3 1.42 1.42
4 - 2.03 2.03
A 16.24 -2.72 18.96
B 58.45 380 6225 |
C 58.45 2.20 60.65
D 30.76 432 35.08
Net Force On Frames (E-W Direction): Area 1
Direct Force | Torsional Force | Net Force
2nd Floor [ ipe) (Kipe) (Kips) |
1 - -£5.15 6.15
2 -2.32 2.32
3 357 357
4 - 4.89 4.89
A 32.20 -5.92 38.12
B 133.40 -0.58 142.98
C 133,40 5.35 138.75
D 66.70 10.15 76.85
MNet Force On Frames (E-W Direction): Area 1
Direct Force | Torsional Force | Net Force
st Floor | ™ kips) (Kips) (Kips)
1 - -17.00 17.00
# -5.70 5.70
3 10.33 10.33
4 - 12.38 12.38
A 54,30 -13.67 67.96
B 228.04 -23.69 251.73
C 228.04 10.02 238.06
D 14252 27.34 169.86
Met Force On Frames (E-W Direction): Area 1
: Direct Force | Torsional Force | Net Force
Mezzaine | ™ (ips) (Kips) (Kips)
1 - -43.43 43.43
2 -14.21 14.21
3 26.98 26.98
4 - 30.66 30.66
A 86.33 -25.11 111.44
B 374.10 -47.03 421.13
C 374.10 14.75 388.85
D 280.57 57.40 337.97

Net Force On Frames (N-S Direction): Area 1
Roof | Pirect Force [ Torsional Force [ Net Force
(Kips) (Kips) (Kips)
1 12.91 -1.26 1417
2 10.72 -0.52 11.24
3 10.28 0.72 10.99
4 8.99 1.06 10.06
A - -1.48 1.48
B -2.16 216
C 1.33 1.33
D 2.3 2.3
MNet Force On Frames (N-S Direction): Area 1
Direct Force | Torsional Force | Net Force
3rd Foor| ™ (ips) (Kips) | (Kips)
1 51.91 -5.54 57.44
2 42.35 -2.25 44 60
3 41.26 3.20 44 47
4 34.98 4.59 38.57
A - -6.14 6.14
B -8.57 8.57
C 497 4.97
D 9.74 974
MNet Force On Frames (M-S Direction): Area 1
Direct Force | Torsional Force | Net Force
2 Foar] ™ aps) (Kips) (Kips)
1 121.03 -16.02 137.06
2 94.14 -6.05 100.19
3 80.77 9.31 100.09
4 74.76 12.76 87.52
A - -15.43 15.43
B -24.99 24.99
C 13.96 13.96
D 26.46 26.46
MNet Force On Frames (M-S Direction): Area 1
Direct Force | Torsional Force | Net Force
1st Floor (Kips) (Kips) (Kips)
1 226.70 -35.13 261.82
2 160.02 -11.79 171.81
3 170.02 21.34 191.37
4 123.65 2557 149.23
A - -28.24 28.24
B -48.95 48.95
(o] 20.71 20.71
D 56.49 56.49
Net Force On Frames (N-S Direction): Area 1
Direct Force | Torsional Force | Net Force
Mezzaine | ™ ips) (Kips) (Kips)
1 397,22 -82.99 480.21
2 283.73 -27.15 310.88
3 283.73 51.57 335.30
4 198.61 58.59 257.20
A - -47.99 47.99
B -89 89 89 89
C 28.19 28.19
D 109.70 109.70
Table 1:

Net Forces Due to Wind: Area 1

Page 50 of 66




Joseph W. Wilcher Ill
Structural Option

Adviser: M. K. Parfitt

Technical Report Il

Union Station Expansion
Washington DC

November 21, 2008

MNet Force On Frames (M-S Direction): Area 2

Met Force On Frames (E-W Direction): Area 2

Roof Direct Force | Torsional Force | Net Force

(Kips) (Kips) (Kips)

5 - -1.04 1.04

6 0.20 0.20

i - 0.84 0.84

E 5.19 -1.52 6.71

F 12.36 -1.52 13.88

G 12.36 0.58 12.95

H 11.28 2.45 13.74

Met Force On Frame:

s (E-W Direction):

Area 2

Direct Force | Torsional Force | Net Force
3rd Floor 3 ; y
(Kips) (Kips) (Kips)
5 - -4.36 436
6 - 0.80 0.80
Fi 3.55 3.55
E 20.81 -6.24 27.05
E 4855 -6.15 54.70
G 48.55 2.27 50.82
H 45.99 10.12 56.12
Net Force On Frames (E-W Direction): Area 2
Direct Force | Torsional Force | Net Force
2nd Floor ] i :
(Kips) (Kips) (Kips)
5 - -11.70 11.70
6 - 1.96 1.96
7 - 9.74 9.74
E 43.02 -14.98 58.01
F 107.56 -16.23 123.79
G 107.56 4.99 112.55
H 107.56 26.22 133.78
Met Force On Frames (E-W Direction): Area 2
Direct Force | Torsional Force | Net Force
1st Floor : : :
(Kips) (Kips) (Kips)
5 - -17.05 17.05
6 - 17.05 17.05
T = m m
E 71.75 -31.08 102.83
E 193.72 -36.77 230.49
G 193.72 10.36 204.08
H 193.72 57.50 251.22
Met Force On Frames (E-W Direction): Area 2
.__ | Direct Force | Torsional Force | Net Force
Mezzaine ; ; :
(Kips) (Kips) (Kips)
5 - -40.90 40.90
& - 40.90 40.90
¥ - - =
E 123.90 -61.06 184.96
F 309.75 -69.38 379.13
G 309.75 13.88 323.63
H 371.70 116.56 488.26

Roof Direct Force | Torsional Force | Net Force
(Kips) (Kips) (Kips)
5 12.26 -0.94 13.20
B 12.71 0.18 12.89
7 14.93 0.76 15.69
E - -1.38 1.38
F - -1.38 1.38
G - 0.53 0.53
H - 2.23 2.23
Net Force On Frames (N-S Direction): Area 2
Direct Force | Torsional Force | Net Force
3rd Floor ! :
(Kips) (Kips) (Kips)
5 48.20 -3.52 51,71
6 50.39 0.65 51.03
7 59.92 2.87 62.79
E - -5.04 5.04
F - -4.96 4.96
G - 1.83 1.83
H - 8.17 8.17
Net Force On Frames (N-S Direction): Area 2
Direct Force | Torsional Force | Net Force
2nd Floor : 4
(Kips) (Kips) (Kips)
5 106.05 -6.79 112.85
6 109.26 1.14 110.40
7 138.68 5.66 144.34
E -8.70 8.70
F - -9.43 9.43
G 2.90 2.90
H - 1523 1500
MNet Force On Frames (M-S Direction): Area 2
Direct Force | Torsional Force | Net Force
1st Floor _ : :
(Kips) (Kips) (Kips)
5 308.95 -77.63 386.57
6 323.65 77.62 401.28
7 5 m <
E -141.47 141.47
F - -167.40 167.40
G - a7.17 a7.17
H - 261.75 261.75
MNet Force On Frames (M-S Direction): Area 2
: Direct Force | Torsional Force | Net Force
Mezzaine . : :
(Kips) (Kips) (Kips)
5 512.34 -40.90 553.24
6 569.26 40.90 610.16
i - - =
E - -61.06 61.068
F - -69.38 69.38
G - 13.88 13.88
H - 116.56 116.56
Table 2:

Net Forces Due to Wind: Area 2
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Table 1: Seismic Forces Due to Wind on Union Station: Area 1

Direct Forces: Area 1 (N-S Direction)
Force
Roof K P K (Kips)
1.00 256.41 71.00 851.83 21.37
2.00 21277 71.00 851.83 17.73
3.00 204.08 71.00 851.83 17.01
4.00 178.57 71.00 851.83 14.88
Total 71.00
Direct Forces: Area 1 (E-W Direction)
Force
Roof K P K, (Kips)
A 238.10 71.00 2491.06 6.79
B 909.09 71.00 2491.06 25.91
C 909.09 71.00 2491.06 25.91
D 434.78 71.00 2491.06 12.39
Total 71.00
Direct Forces: Area 1 (N-S Direction)
Force
3rd Floor K P K, (Kips)
1.00 322.58 409,00 1039.54 12452
2.00 263.16 408.00 1059.54 101.58
3.00 256.41 408.00 1059.54 98.98
4.00 217.39 408.00 1059.54 8392
Total 409.00
Direct Forces: Area 1 (E-W Direction
Force
3rd Floor K P K, (Kips)
A 277.78 408.00 2804.10 40.52
B 1000.00 | 409.00 2804.10 145.86
C 1000.00 | 409.00 2804.10 145.86
D 526.32 408.00 2804.10 76.77
Total 409.00
Direct Forces: Area 1 (N-S Direction)
Force
2nd Floor K P ZK, (Kips)
1.00 476.19 251.00 1497 .82 79.80
2.00 370.37 251.00 1487 82 6207
3.00 357 14 251.00 1497 82 59.85
4.00 29412 251.00 1497 .82 49.29
Total 251.00
Direct Forces: Area 1 (E-W Direction
Force
2nd Floor K P K| (Kips)
A 344.83 251.00 3916.26 2210
B 1428 .57 251.00 3916.26 91.56
®] 1428.57 | 251.00 3916.26 91.56
D 714.29 251.00 3916.26 45.78
Total 251.00
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Direct Forces: Area 1 (N-S Direction)
Force
1st Floor Ki = ZK; (Kips)
1.00 833.33 138.00 2501.12 45.98
2.00 588.24 138.00 2501.12 32 46
3.00 625.00 138.00 2501.12 34.48
4.00 454.55 138.00 2501.12 25.08
Total 138.00
Direct Forces: Area 1 (E-W Direction)
Force
1st Floor K P K, (Kips)
A 476.19 138.00 5726.19 11.48
B 2000.00 138.00 5726.19 48.20
C 2000.00 138.00 5726.19 48.20
D 1250.00 138.00 5726.19 30.12
Total 138.00
Direct Forces: Area 1 (N-S Direction)
; Force
Mezzaine K P K, (Kips)
1.00 2000.00 50.00 5857 .14 17.07
2.00 1428.57 50.00 5857.14 12.20
3.00 1428.57 50.00 5837.14 12.20
4.00 1000.00 50.00 5857.14 8.54
Total 50.00
Direct Forces: Area 1 (E-W Direction
: Force
Mezzaine Ki P zK| (Kips)
A 769.23 50.00 9935.89 3.87
B 3333.33 50.00 9935.89 16.77
C 3333.33 50.00 9935.88 16.77
D 2500.00 50.00 9935.89 12.58
Total 50.00

Table 1 Continued
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Table 2: Seismic Forces Due to Wind on Union Station: Area 2

Direct Forces: Area 2 (N-S Direction)
Force

Roof K P 7K, (Kips)

5.00 178.57 62.00 581.15 19.05

6.00 185.19 §2.00 281.15 19.76

7.00 217.39 62.00 581.15 2319

Total 52.00
Direct Forces: Area 2 (E-W Direction)
Force
K, !

Roof i P ZK; (Kips)
E 200.00 §2.00 1987.16 7.81
F 476.19 §2.00 1587 .16 18.60
G 476.19 62.00 1587.16 18.60
H 43478 62.00 1587 .16 16.98

Total 62.00
Direct Forces: Area 2 (N-S Direction)
Force
3rd Floor K P 2K (Kips)

5.00 217.39 411.00 71493 12497

6.00 227.27 411.00 714.93 130.65

7.00 270.27 411.00 714.93 1858.37

Total 411.00
Direct Forces: Area 2 (E-W Direction
Force
K zK,
3rd Floor i P | (Kips)
E 238.10 411.00 1875.54 52.18
F 255.56 411.00 1875.54 121.74
€] 200.06 411.00 1875.54 121.74
H 526.32 411.00 1875.54 115.34
Total 411.00
Direct Forces: Area 2 (N-S Direction)
Force
K ZK,
2nd Floor | P | (Kips)

2.00 29412 252.00 8981.77 75.49

6.00 303.03 252.00 981.77 7778

7.00 384.62 252.00 981.77 98.72

Total 252.00

Direct Forces: Area 2 (E-W Direction
Force

K ZK

2nd Floor | P | (Kips)
E 285.71 252.00 2428.58 29.65
F 714.29 252.00 2428.58 7412
G 71429 252.00 2428 .58 7412
H 714.29 252.00 2428.58 7412
Total 252.00
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Direct Forces: Area 2 (N-S Direction)

Force
K K
1st Floor I P I (Kips)
5.00 454,55 139.00 930.74 657.88
6.00 476.19 138.00 930.74 71.12
7.00 - - - -
Total 139.00
Direct Forces: Area 2 (E-W Direction
Force
1st Floor K P K, (Kips)
E 370.37 139.00 3370.37 1527
F 1000.00 138.00 3370.37 41.24
G 1000.00 139.00 3370.37 41.24
H 1000.00 139.00 3370.37 41.24
Total 139.00
Direct Forces: Area 2 (N-S Direction)
) Force
K
Mezzaine i P ZK; (Kips)
5.00 1000.00 50.00 27111 23.68
6.00 1111.11 50.00 2111.11 26.32
7.00 - - - =
Total 50.00
Direct Forces: Area 2 (E-W Direction
. Force
K K
Mezzaine i P i (Kips)
E 666.67 50.00 6000.01 5.56
F 1666.67 50.00 6000.01 13.89
G 1666.67 50.00 6000.01 13.89
H 2000.00 50.00 65000.01 16.67
Total 50.00

Table 2 Continued
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Torsional Moment Due To Seismic: Area 1

: Eus | Bew Mg Mew
Level Story Force (Kips) (") (") (ftkips) | (ft-kips)
Roof 70.58 8.63 | 7.46 | 609.25 526.62
3 408.52 9.15 | B.38 | 3737.11 | 3421.76
2 250.92 11.25| 892 | 282318 | 2236.96
1 138.02 1276 11277 | 1760.95 | 176256
Mezzaine 49.91 15.20 | 16.46 | 758.45 821.65
Torsional Moment Due To Seismic: Area 2
. Ens | EEw Mp.s Mew
Level Story Force (Kips) (f) (") (ftkips) | (ft-kips)
Roof 61.53 6.15 | 13.98| 378.40 860.11
3 410,53 568 | 1452 | 2330.84 | 5961.84
2 252.15 469 | 16.68 | 118222 | 4204.98
1 138.70 38.86 | 17.65| 5389.90 | 2448.57
Mezzaine 50.16 258 | 21.00f 12936 | 1053.34
Table 1: Torsional Moments Due to Seismic
Forces By Torsional Moment: Area 1 Roof (N-S Direction) Forces By Torsional Moment: Area 1 Roof (E-W Direction)
2 Force 2 Force
: 5 Kel (Kips) i E Keh (Kips)
1 256.41 -80.37 1656239 -1.041 1 256.41 -80.37 1656148 -0.900
2 212.77 -40.37 346759 -0.434 2 212.77 -40.37 346714 -0.375
3 204.08 57.63 677794 0.594 3 204.08 57.63 677852 0.514
4 178.57 97.63 1702081 0.881 4 178.57 97.63 1702152 0.761
A 238.10 -101.96 2475250 =1.227 A 238.10 -101.96 2475272 -1.060
B 909.09 -38.96 1379891 -1.790 B 909.09 -38.96 1379996 -1.547
C 909.08 24.04 525383 1.104 C 909.09 24.04 525319 0.954
D 43478 87.04 3293877 1.912 D 43478 87.04 3293785 1.653
Total] 12057253 0.00 Total] 12057239 0.00
Forces By Torsional Moment: Area 1 3rd (N-S Direction) Forces By Torsional Moment: Area 1 3rd (E-W Direction)
2 Farce 2 Farce
Ki g Kidy (Kips) 5 d K (Kips)
1 322.58 -79.85 2056777 -5.683 g 32258 -79.85 2056894 -5.119
7 263.16 -39.85 417904 271 2 263.16 -39.85 417946 -2.491
3 256.41 58.15 867031 3.868 3 256.41 58.15 866966 3.542
4 217.39 98.156 2094210 5.536 4 217.39 98.15 2094117 5.068
A 277.78 | -102.88 2940105 -7.414 A 277.78 | -102.88 2939848 -5.788
B 1000.00 | -39.88 1590414 -10.346 B 1000.00 | -39.88 1590088 -9.472
C 1000.00 23.12 534534 5.908 C 1000.00 23.12 534723 5.493
D 526.32 86.12 3903534 11.760 D 526.32 86.12 3903904 10.768
Total] 14404508 0.00 Total] 14404486 0.00

Table 2: Torsional Forces Due to Seismic: Area 1
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Forces By Torsional Moment: Area 1 2nd (N-S Direction)

2 Force
K g Kid (Kips)
1 476.19 -77.75 2878598 -5.322
2 370.37 -37.75 527800 -2.010
3 357.14 60.25 1296441 3.093
4 294.12 100.25 2955924 4.238
A 34483 | -103.42 3688197 -5.126
B 1428.57 | -40.42 2333964 -8.300
C 1428.57 2258 728366 4.637
D 714.29 85.58 5231415 8.787
Total] 19640705 0.00
Forces By Torsional Moment: Area 1 1st (N-S Direction)
2 Force
1 833.33 -76.24 4843762 -3.591
2 588.24 -36.24 772558 -1.205
3 625.00 61.76 2383936 2182
4 454.55 101.76 4706910 2614
A 476.19 | -107.27 5479448 -2.887
B 2000.00 | -44.27 3919666 -5.004
C 2000.00 18.73 701626 2117
D 1250.00 81.73 8349741 5774
Total] 31157646 0.00

Forces By Torsional Moment: Area 1 Mez. (N-S Direction)

Forces By Torsional Moment: Area 1 2nd (E-W Direction)
Ki d Kd? Force
i (Kips)
1 476.19 -17.75 2878598 -4.217
2 370.37 -37.75 527800 -1.592
3 357.14 60.25 1296441 2.451
4 20412 100.25 2055924 3.358
A 34483 | -103.42 3688197 -4.062
B 142857 | -40.42 2333964 -8.577
C 1428.57 22.58 728366 3.674
D 714.29 85.58 5231415 6.962
Total| 19640705 0.00
Forces By Torsional Moment: Area 1 1st (E-W Direction)
2 Force
K o Kd, (Kips)
1 833.33 -76.24 4843762 -3.594
2 588.24 -36.24 772558 -1.206
3 625.00 61.76 2383936 2184
4 454.55 101.76 4706910 2617
A 476.19 | -107.27 5479448 -2.890
B 2000.00 | -44.27 3919666 -5.009
C 2000.00 18.73 701626 2119
D 1250.00 81.73 8349741 5779
Total| 31157646 0.00

Forces By Torsional Moment: Area 1 Mez. (E-W Direction)

2 Force

Ki 4 Kid; (Kips)

il 2000.00 73.80 10892880 -1.794
2 1428.57 | -33.80 1632056 -0.587
3 1428.57 654,20 5888051 1.115
4 1000.00 104.20 10857640 1.267
A 769.23 -110.96 9470853 -1.038
B 3333.33 -47 .96 7667198 -1.943
C 3333.33 15.04 754005 0.609
D 2500.00 78.04 15225604 e
Total] 62388286 0.00

Table 2 Continued

a2 Force

K Cl Kidi (Kips)

1 2000.00 73.80 10892880 -1.944

2 1428.57 -33.80 1632056 -0.636

4 1000.00 104.20 10857640 1.372
A 769.23 -110.96 9470853 -1.124 |

B 3333.33 -47.96 7667198 -2.105

D 2500.00 78.04 15225604 2.569

Total] 62388286 0.00
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Forces By Torsional Moment: Area 2 Roof (N-S Direction)

2 Force

4 a Kel (Kips)

& 178.57 -82.85 1225726 -0.680
6 185.19 15.15 42505 0.129
id 217.39 55.15 661197 0.551

E 200.00 -108.48 2353582 -0.997

F 476.19 -45.48 984966 -0.995
G 476.19 17.52 146167 0.383
H 434.78 80.52 2818883 1.609
Total] 8233026 0.00

Forces By Torsional

Moment: Area 2 3rd (N-S Direction)

2 Force
A T (0

5 217.39 -83.32 1509170 -4.265
&} 227.27 14.68 48977 0.786
7 270.27 54 68 808081 3.480
E 238.10 -109.02 2829904 -6.112
E 555.56 -46.02 1176587 -6.020
G 555.56 16.98 160179 2.221
H 526.32 79.98 3366764 9.911
Total] 9899663 0.00

Forces By Torsional Moment: Area 2 2nd (N-S Direction)
B Force

K, 4 K (Kips)

5 26412 -84.31 2090657 -2.268
6 303.03 13.69 56793 0.379
7 38462 53.69 1108712 1.888
E 28571 | -111.18 3531659 -2.905
F 71429 | 4818 | 1658090 | -3.147
G 714,29 14.82 156881 0.968
H 714.29 77.82 4325706 5.083
Total] 12928498 0.00

Forces By Torsional

Moment: Area 2 1st (N-S Direction)

2 Force

K d Kid (Kips)
-] 454.55 -50.14 1142748 -7.973
6 476.19 47 .86 1080751 7.973
T B B B B
E 37037 | -112.15 | 4658374 | 14533 |
F 1000.00 | -4915 2415723 -17.196
G 1000.00 13.85 191823 4.846
H 1000.00 76.85 5905923 26.888

Total] 15405340 0.00
Forces By Torsional Moment: Area 2 Mez. (N-S Direction)
2 Force

K d Kk (Kips)
-] 1000.00 | -51.58 2660496 -0.226
[ 1111.11 46.42 2304238 0.226
7 % 5 & .
E 666.67 -115.50 8893544 -0.337
F 1666.67 | -52.50 4593759 -0.383
G 1666.67 10.50 183750 0.077
H 2000.00 73.50 10804500 0.644

Total] 29530288 0.00

Forces By Torsional Moment: Area 2 Roof (E-W Direction)
2 Force
Ki d Kd, (Kips)
5 178.57 -82.85 1225726 -1.546
6 185.19 15215 42505 0.293
7. 217.39 95.15 661197 1.2583
E 200.00 -108.48 2353582 -2.267
F 476.19 -45.48 984966 -2.263
G 476.19 17.52 146167 0.872
H 434.78 80.52 2818883 3.657
Total] 8233026 0.00
Forces By Torsional Moment: Area 2 3rd (E-W Direction)
2 Farce
Ki d Kd, (Kips)
5 217.38 -83.32 1509170 -10.908
6 22727 14,68 48977 2.009
7 270.27 54,68 808081 8.900
E 238.10 -109.02 2829904 -15.632
F 555.56 -46.02 1176587 -15.397
G 555.56 16.98 160179 5.681
H 526.32 79.98 3366764 25.351
Total] 9899663 0.00
Forces By Torsional Moment: Area 2 2nd (E-W Direction)
Force
d 2
K | K (Kips)
5 294,12 -84.31 2090657 -8.065
6 303.03 13.69 56793 1.349
7 384.62 53.69 1108712 6.716
E 285.71 -111.18 3531659 -10.332
F 714.29 -48.18 1658090 -11.193
G 714.28 14.82 156881 3.443
H 714.29 77.82 4325706 18.079
Total] 12928498 0.00
Forces By Torsional Moment: Area 2 1st (E-W Direction)
d 2 Force
Ki i Kd; (Kips)
] 454.55 -50.14 1142748 -3.622
6 476.19 47.86 1090751 3.622
7 . . - -
E 37037 | -112.15 | 4658374 | -6.602
F 1000.00 | -49.15 2415723 -7.812
G 1000.00 13.85 191823 2.201
H 1000.00 76.85 5905923 12.215
Total] 15405340 0.00
Forces By Torsional Moment: Area 2 Mez, (E-W Direction)
2 Force
Ki g K (Kips)
5 1000.00 -51.58 2660496 -1.840
6 1111.91 46.42 2394238 1.840
7 = i - i3
E 666.67 -115.50 8893544 -2.747
= 1666.67 -52.50 4593758 -3.121
G 1666.67 10.50 183750 0.624
H 2000.00 73.50 10804500 5.243
Total] 28530288 0.00

Table 3: Torsional Forces Due to Seismic: Area 2
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Net Force On Frames (N-S Direction): Area 1

Roof Direct_ Force ‘I‘orsion_al Force | Net Force
{Kips) (Kips) (Kips)
1 21.37 -1.04 22.41
2 A7 -0.43 18.17
3 17.01 0.59 17.60
4 14.88 0.88 15.76
A - -1.23 1.23
B - -1.79 1.79
C - 1.10 1.10
D - 1.91 1.91
Met Force On Frames (N-S Direction): Area 1
Direct Force | Torsional Force | Net Force
3rd Floor | ™ kips) (Kips) (Kips)
1 124,52 -6.68 131.20
Z 101.58 -2.72 104.30
3 98.98 3.87 102.85
4 83.92 5.54 89 .45
A - -7.41 7.41
B - -10.35 10.35
C - 6.00 6.00
D = 11.76 11.76
Net Force On Frames (N-S Direction): Area 1
Direct Force | Torsional Force | Net Force
2nd Floor| ™ ips) (Kips) (Kips)
1 79.80 -5.32 85.12
2 62.07 -2.01 654.08
3 59.85 3.09 652,84
4 49.29 4.24 53.63
A - -5.13 513
B - -8.30 8.30
C - 4.64 4.64
D - 8.79 8.79
Met Force On Frames (N-S Direction): Area 1
Direct Force | Torsional Force | Net Force
1stFloor |~ (kips) (Kips) (Kips)
1 45.98 -3.59 49.57
2 32 .46 -1.20 33.66
3 34.48 2.18 36.67
4 25.08 2.61 27.69
A - -2.89 2.89
B - -5.00 5.00
C - 212 2.12
D - 577 DE
MNet Force On Frames (N-S Direction): Area 1
.__ | Direct Force | Torsional Force | Net Force
Mezzale ] (xips) (Kips) (Kips)
1 17.07 -1.79 18.87
2 12.20 -0.59 12.78
3 12.20 1.11 13.31
4 8.54 1.27 9.80
A - -1.04 1.04
B = -1.94 1.84
C - 0.61 0.61
D - 2.37 2.37

Net Force On Frames (E-W Direction): Area 1
Roof Direct_ Force Torsion_al Force | Net I_:orce
(Kips) (Kips) (Kips)
1 - -0.80 0.90
2 - -0.38 0.38
3 0.51 0.51
4 - 0.76 0.76
A 6.79 -1.06 7.85
B 2591 -1.55 27.46
C 25.91 0.895 26.87
D 12,39 1.65 1404
Met Force On Frames (E-W Direction): Area 1
3rd Floor Direct Force | Torsional Force | Net Force
(Kips) (Kips) (Kips)
1 - -5.12 6.12
2 - -2.49 2.49
3 3.54 3.54
4 - 5.07 5.07
A 40.52 -5.78 47.30
B 145.86 -9.47 15533
C 145,86 5.49 151.35
D 76.77 10.77 87.54
Net Force On Frames (E-W Direction): Area 1
Direct Force | Torsional Force | Net Force
2nd Foon| ™ {ipe) (Kips) (Kigs)
1 - -4.22 422
2 - -1.59 1.69
3 245 245
4 - 3.36 3.36
A 79.80 -4.06 83.86
B 62.07 -6.58 68.64
C 59.85 3.67 63.52
D 49.29 5.96 56.25
Met Force On Frames (E-W Direction): Area 1
Direct Force | Torsional Force | Net Force
1stFloor |~ (kips) (Kips) (Kips)
1 - -3.59 3.59
2 - =121 1.21
3 2.18 218
4 - 2.62 262
A 11.48 -2.89 1437
B 48.20 -5.01 53.21
C 48.20 212 50.32
D 30.12 578 35.80
Net Force On Frames (E-W Direction): Area 1
. | Direct Force | Torsional Force | Net Force
peEE | Kl (Kips) (Kips)
1 - -1.94 1.94
2 - -0.64 0.64
i 1.2 1.21
4 - 1.37 1.37
A 3.87 -1.12 5.00
B 16.77 -2.11 18.88
C 16.77 0.66 17.43
D 12.58 2.57 15.15

Table 1: Net Forces Due to Seismic: Area 1
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Net Force On Frames (N-S Direction): Area 2

Roof Direct Force | Torsional Force | Net Force
{Kips) (Kips) (Kips)
5 19.05 -0.68 19.73
6 19.76 0.13 19.89
7 23.19 0.55 23.74
E - -1.00 1.00
F - -1.00 1.00
G - 0,38 0.38
H - 1.61 1.61
Met Force On Frames (M-S Direction): Area 2
Direct Force | Torsional Force | Net Force
3rd Floor ) ; ]
(Kips) (Kips) (Kips)
S 124.97 -4.26 129.24
(&) 130.65 0.79 131.44
7 155.37 3.48 158.85
E - -6.11 6.11
F - -6.02 6.02
G - 2.22 222
H - 9.91 9.91
MNet Force On Frames (N-S Direction): Area 2
Direct Force | Torsional Force | Net Force
2nd Floor : : :
(Kips) (Kips) (Kips)
5 75.49 -2.27 77.76
6 77.78 0.38 78.16
7 98.72 1.89 100.61
E - -2.90 2.90
F - -3.15 3.15
G - 0.97 0.97
H - 5.08 5.08
MNet Force On Frames (N-S Direction): Area 2
Direct Force | Torsional Force | Net Force
st Floor i - .
(Kips) (Kips) (Kips)
B 67.88 -7.97 75.86
& 71.12 7.97 79.09
7 - = -
E - -14.53 14.53
B - -17.20 17.20
G 4.85 4.85
H - 26.89 26.89
Met Force On Frames (N-S Direction): Area 2
.__ | Direct Force | Torsional Force | Net Force
Mezzaine : : i
(Kips) (Kips) (Kips)
L7} 23.68 -0.23 23.91
6 26.32 0.23 26.54
7 E . "
E -0.34 0.34
F - -0.38 0.38
G - 0.08 0.08
H - 0.64 0.64

Net Force On Frames (E-W Direction): Area 2
Roof | Direct Force | Torsional Force | Net Force
(Kips) (Kips) (Kips)
5 - -1.55 1.55
[¢] - 0.29 0.29
rd - 1.25 1:25
E 7.81 -2.27 10.08
F 18.60 -2.26 20.86
G 18.60 0.87 19.47
H 16.98 3.66 20.64
Net Force On Frames (E-W Direction): Area 2
Direct Force | Torsional Force | Net Force
3rd Floor i ; ;
(Kips) (Kips) (Kips)
5 - -10.91 10.91
6 = 2.01 20
T - 8.90 8.90
E 52.18 -15.63 67.81
B 121.74 -15.40 137.14
G 121.74 5.68 127.42 |
H 115.34 29.35 140.69
Met Force On Frames (E-W Direction): Area 2
Direct Force | Torsional Force | Met Force
2nd Floor 5 : :
(Kips) (Kips) (Kips)
5 - -8.07 8.07
6 - 1.35 1.35
7 6.72 6.72
E 29.65 -10.33 39.98
= 7412 -11.19 85.31
G 7412 3.44 77.56
H 7412 18.08 92.20
Net Force On Frames (E-W Direction): Area 2
Direct Force | Torsional Force | Net Force
1st Floor ; : g
(Kips) (Kips) (Kips)
] - -3.62 3.62
6 - 3.62 3.62
7 = = .
E 15.27 -6.60 21.88
F 41.04 781 49.05
G 41.24 2.20 43.44
H 41.24 12i29 53.46
Met Force On Frames (E-W Direction): Area 2
.__ | Direct Force | Torsional Force | Met Force
Mezzaine : : g
(Kips) (Kips) (Kips)
5 - -1.84 1.84
6 - 1.84 1.84
7 - . 5
E 5.56 -2.75 8.30
F 13.89 -3.12 17.01
G 13.89 0.62 14.51
H 16.67 5.24 21.91

Table 2: Net Forces Due to Seismic: Area 2
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‘Wind Drift: Frame 1 ‘Wind Drift: Frame A
S Story | Story Drift| Allowable Story Drift {in} | Total Drift | Allowable Total Drift (in) Story Story | Story Drift| Allowable Story Drift {in) | Total Drift | Allowable Total Drift (in)
Height {ft) (in) Lma = H/400 {in} L yma = H/400 Height (ft) {in) O = H/A00 {in} 4w = H/400
Roof 11.500 0.077 < | 0.345 Acceptable 1.077 < 1.94 Acceptable Roof 11.500 0.008 < | 0.345 Acceptable 0.488 <| 194 Acceptable
3rd 11.500 1143 < 34 Acceptable 100 < | 1.595 | Acceptable 3rd 11500 | 0.024 < 45 | hcceptable 48 <| 1.595 Accegtable
nd 11.500 269 < 14! Acceptable 57 <] 125 Acceptable Ind 11.500 057 | < 345 | Acceptable .45 <| 125 Accaptable
1st 12.250 0,312 < 68 Accaptable 88 < | 0.905 | Acceptatie 1st 12.250 123 < 68 | pccepravie | 0.39 < | 0.905 Acceptable
Merzaine | 17.917 276 | < 538 | Acceptabic 76 < [ 0.5375 | acceptatie Mezzaine | 17917 276 | < | 0.538 | Acceptabic ,27 < | 0.5375 ]  Acceptable
‘Wind Drift: Frame 2 Wind Drift: Frame B
o Story | Story Drift] Allowable Story Drift (in] | Total Drift | Allowable Tatal Drift (in) Sty Story | Story Drift] Allowable Story DAt (in] | Total Drift | Allowable Total Drift {in]
Height {ft) | (in) Byies = H/400 (in) A e = H/400 Height (ft) | (in) ey = H/400 {in) Ay = H/200
foaf 11.500 187 < | 0.345 Acceptable 1.108 < 1.94 Acceptable Foof 11.500 0,007 < | 0.345 Acceptable A04 < 1.94)
3rd 11.500 147 < | 0.345 | Acceptable 0.921 < | 1.595 | Acceptable 3rd 11.500 0.038 < | 0.345 | Accoptable 397 < | 1.595
2nd 11.500 L226 < | 0.345 Acceptable 0774 < 1.25 Acceptable 2nd 11.500 0.071 < | 0.345 Acceptable 359 < 1.25]  Acceptable
1st 12.250 0.285 < | 0.368 Acceptable 0.548 < | 0.905 Acceptable 1st 12.250 0.117 < | 0.368 Acceptabile 0.288 < | 0.905]
Mezzaine [ 17917 0.263 < | 0.538 Acceptable 0.263 < | 0.5375 | Acceptable Mezzaine | 17.917 0.172 < | 0.538 Acceptabile 0.172 < | 0.5375] Acceptable
Wind Drift: Frame 3 Wind Drift: Frame C
oy Story | Story Drift] Allowable Story Drift (in] | Total Drift | Allowable Total Drift (in) o Story | Story Drift] Allowable Story Drift (in] | Total Drift | Allowable Total Drift (in]
Height {ft) {in} 4 iua = Hf40D {in} B i = H/ADD Height (ft) {in} A s = /400 {in} Dps = H/400
Roof 11.500 0.082 < | 0.345 Acceptable 1.071 < 194 Acceptable Roof 11.500 0.012 < | 0.345 Acceptable 0,385 <| 194 Accegtable
3rd 11.500 0.144 < | 0.345 Acceptable 0.939 < | 1.595 Acceptable 3rd 11.500 0.031 < | 0.345 Acceptable 0.373 < | 1595 Acceptable
nd 11.500 0.247 < | 0.345 | Acceptable 0.845 < | 125 Acteptable 2nd 11.500 0.068 < | 0.345 | Acceptable 0,341 <| 125 Acceptable
1st 12.250 0.312 < | 0.368 | acceptable 0.598 < | 0.905 | Acceptable 1st 12.250 0.111 < | 0.368 | Acceptable 0274 | <| 0905 Acceptable
Mezzaine | 17.917 0.286 | < | 0.538 | Accepable 0.286 < | 0.5375 | Acceptable Mezzaine |  17.917 0.162 < | 0.538 | Acceptable 0,162 <[ 0.5375| aAcceptable
Wind Drift: Frame 4 ‘Wind Drift: Frame D
Story Story  |Story Drift] Allowable Story Drift (in] | Total Drift | Allowable Total Drift in) oy Story | Story Drift| Allowable Story Drift {in) | Total Drift | Allowable Total Drift {in}
Height (ft) {in} A ipe = H/400 {in} Ama = Hi400 Height [ft) (im} A = H/400 (in} Ly = H/400
Roaf 11500 0085 | < | 0.345 | acceptabie 1120 [ <] 154 Scceptable Roof 11.500 0.016 | < | 0.345 | acceptable 0458 [ <] 194 Acceptable
3rd 1.500 0138 | < | 0.345 | Acceptable 1.035 < | 1.595 | Acceptable 3rd 1.500 0044 | < | 0.345 | Acceptable 0.44 <| 1595 Acceptable
2nd 1.500 0.222 < | 0.345 Acceptable 0.897 < 1.25 Acceptable 2nd 1.500 0.093 < | 0.345 Acceptable 0,39 <| 125 Acceptable
st 2.250 0.322 < | 0.368 | Acceptable 0.675 < | 0.905 | Acceptable 1st 2.250 0.138 < | 0368 | Acceptable 0.305 < | 0.905 Accegtable
[ i 7.917 0,354 < | 0.538 Acceptable 0.354 < | 0.5375 | Acceptable [ i 7917 0.167 < | 0.538 Acceptable 0,16 < | 0.5375 Acceptabl
Table 1: Drift Results for Wind: Area 1
‘Wind Drift: Frame 5 ‘Wind Drift: Frame E
Shory Story | Story Drift Allowable Story Drift (in) | Total Drift | Allowable Total Drift (in) S Story | Story Drift Allowable Story Drift (in) | Total Drift | Allowable Total Drift (in}
Height {ft) {in) A iea = H/400 (in) Lma = H/400 Height {ft) {in} A s = H/400 {in} A = HI400
Reof 11.500 0.139 < | 0.345 Acceptable 2102 > 1.94 Unacceptable Roof 11.500 0.044 < | 0.345 Acceptabie 0,906 <] 194 Acceptable
3rd 11.500 0.201 < | 0345 1963 > ] 1.595 3rd 11.500 0.055 < | 0.345 A b 0.863 < | 1595 Acceptahl
2nd 11.500 0440 > | 0.345 | L 1.763 > 1.25 | Unscceptable 2nd 11.500 0.072 < | 0345 A b 0.807 <] 125 Acceptable
1st 12.250 0.619 > | 0.368 | Unacceptable 1323 > | 0.905 | Unscceptable 1st 12.250 0.256 < | 0368 Acceptable 0.735 < | 0.905 Acceptable
Mezzaine | 17917 0.703 > | 0.538 | Unacceptable 0.703 = | 0.5375 | Unscceptable Mezzaine | 17.917 0.479 < | 0.538 Acceptable 0.479 < | 0.5375 Acceptable
Wind Drift: Frame & Wind Drift: Frame F
Story Story  |Story Drift| Allowable Story Drift (in) | Total Drift | Allowable Total Drift {in) Story Story  |Story Drift| Allowable Story Drift (in) | Total Drift | Allowable Total Drift {in}
Height {ft) {in) A ing = H/400 (in) Lina = HIM00 Height {ft) {in} A mg = Hf400 {in} St = H/400
Roof 11.500 0,147 < 345 |  Acceptable 057 > | 194 | unscceptable Foof 1500 | 0.040 | < 45 |  Acceptabie .77 < 1.94]  Acceptable
3rd 11.500 0,240 < 345 |  Acceptable 911 > | 1.595 | unacceptable 3rd 1.500 050 < 45 Acceptable .73 <| 1.595| Acceptable
2nd 11.500 0.400 > 345 | o 671 > 1.25 2nd 1.500 075 < 45 Acceptable 68 < 1.25|  Acceptable
1st 12.250 0,603 > | 0.368 1271 > | 0.905 1st 12.250 0.173 < | 0368 b 0,608 <| 0.905| Acceptabl
i 17.917 0,669 > | 0538 | L 0.669 = ]| 0.5375 | Unscceptal i 17.917 0.435 < | 0.538 A b 0,435 < | 0.5375]  Acceptabl
Wind Drift: Frame 7 Wind Drift: Frame G
Story Story  |Story Drift| Allowable Story Drift (in) | Total Drift | Allowable Total Drift {in) Stor Story  [Story Drift| Allowable Story Drift (in) | Total Drift | Allowable Total Drift {in}
Height (ft) in) A s = HI400 (in) Ly = H/400 i Height {ft) {in} Lt = HI400 {in} B = H/400
Roof 11.500 0.128 < | 0.34 Acceptable 0.701 < | 194 Acceptable Roof 11.500 036 | < L345 | Acceptable 0689 [<] 1.94 Acceptable
3rd 11.500 0.144 < | 0.34 Acceptable 0.573 < ] 1.595 Acceptable 3rd 11.500 047 < 345 Acceptable 0.652 <| 1.595 Acceptable
2nd 11.500 0.429 = | 0.34 Unacceptable 0429 < 1.25 Acceptable 2nd 11.500 068 < 345 Acceptable 0,605 <| 1.25 Acceptable
1st 12.250 = - - = 1st 12,250 0.155 < | 0.368 Acceptable 0.538 < | 0.905 Acceptable
M i 17.917 - - M i 17.917 0.332 < | 0.538 Acceptable 0.382 < | 0.5375 Acceptable
‘Wind Drift: Frame H
Story Story | Story Drift] Allowable Story Drift (in) | Total Drift | Allowable Tatal Drift i)
Height {ft) {in} Ay = HI400 {in} A g = HI400
Roof 1.500 0.080 | < .34 Acceptable 848 | <] 194 Acceptable
3rd .500 0.09: < 4 Acceptable 769 | <] 1595 Acouptable
2nd .500 .11 < Ak Acceptable 677 | <] 125 Acceptable
1st .250 13 % 36t Acceptabie 561 < | 0.905 Aconptable
Mezzaine 917 .42 ¥ 3 Acceptable 423 = | 0.5375 Acceptable

Table 2: Drift Results for Wind Area 2
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Seismic Drift: Frame 1 Seismic Drift: Frame A
G Story | Stary Drift| Allowable Story Drift (in) Total Drift | Allowable Story Drift (in) o Story | Story Drift| Allowable Story Drift (in) | Total Drift | Allowable Story Drift (in)
Height {ft) | (in) Sgrmane = 0.015h,, (in) A = 0.015h,, Height (ft) {in) Sgpmac = 0.015h,, {in} S = 0.015h,,
Roof 11.500 0.089 < | 0173 Acceptable 0.739 < 0.97 Acceptable Roof 11.500 0,013 < | 0173 Acceptable 0487 <| 057 Acceptable
3rd 11.500 0151 | < | 0173 | Acceptable 0,650 < | 0.7975 | Acceptable 3rd 11.500 0050 | < | 0173 | Acceptable 0469 | < D@ Acoeptable
2nd 11,500 0,194 > | 0173 | unacceptable 0.499 < | 0,625 Acceptable 2nd 11,500 0,091 < | 0173 Acceptable 0.419 < | 0.625 Acceptable
1st 12.250 0170 = | 0184 Acceptabie 0.305 < | 0.4525 | Acceptabie 1st 12.250 0,128 = | 0.184 ACcegtabie 0.329 = | 0.4525 Acceptabie
i 17.917 0.135 < | 0.269 Acceptable 0.135 < | 0.2688 | Acceptabl i 17.917 0,201 < | D265 Acceptable 0.201 < | 0.2688 Acceptable
Seismic Drift: Frame 2 Seismic Drift: Frame B
S Story | Story Drift] Allowable Story Drft (in] | Total Drft | Aowable Story Drift (in] | oy Story | Story Drift] Allowable Story DATE (] | Total Drift | Allowable Story DAt (in] |
Height (it} | (i) Deerunc = 0.015h,, {in) Deirune = 0.015h,, Height (ft) | (in) Agymann = 0.015h,, {in) A = 0.015h,,
Reof 11.500 0.102 < | 0.173 Acceptable 0.727 < 0.97 Acceptable Roof 11.500 0.019 < | 0173 Acceptable 0260 <| 097 Acceptable
3rd 11.500 139 < | 0173 Acceptable 0.625 < | 0.7975 | Acceptable 3rd 11.500 0.039 < | 0173 Acceptable 0.241 < | 0.7975 Acceptabie
2nd 11,500 1171 < | 0,173 Acceptabie 0.481 < | D.625 Acceptabie 2nd 11.500 0057 < | 0173 Acceptable 0.202 <| 0.625 Acoeptable
1st 12.250 173 < | 0184 | Acceptable 0.31 < | 04525 | Acceptable 1st 12.350 0067 | < | 0184 | Acceptable 0145 | <]0.4525| Acceprable
Mezzaine | 17917 142 < | 0.269 | Acceptabie 0.14 < | 0.2688 | Acceptable Mezzaine | 17917 0.078 < | 0269 | Acceptable 0078 | <|0.2688 | Acceptable
Seismic Drift: Frame 3 Seismic Drift: Frame C
Story | Story Drift| Allowable Story DAift (in] | Total Drift | Alowable Story Drift (in] Story | Story Drift] Allowable Story DAft (in] | Total Drift | ANowable Story Drft (in]
S5 Height (ft) | (in) Olssmam = 0.015hy {in) Derne = 0.015h,, Sy Height (ft) | (in) L {in) Asgroanc = 0.015h,,
Roof 11,500 0,093 < | 0173 | Acceptable 0.734 < | 087 Acceptable Roof 11.500 0,020 < | 0173 | Acceptable 0251 | <] 097 Acceptable
3rd 11.500 0.140 < | 0173 | Acceptable 0.641 < | 0.7975 | Acceptable 3rd 11.500 0.037 < | 0173 Acceptable 0.231 <|0.7975]  Acceptabie
2nd 11.500 0.179 > | 0.173 | Unscceptable 0.501 < | 0.625 Acceptable 2nd 11.500 0.055 < | 0173 Acceptable 0194 < | 0,625 Acceptable
1st 12.250 0.178 < | 0.184 Acceptable 0.322 < | 0.4525 | Acceptable 1st 12.250 0.064 < | 0.184 Acceptable 0139 < | 0.4525 Acceptabie
Mezzaine| 17917 0.144 < | 0.269 Acceptabie 0.144 < | 0.2688 | Acceptable Mezzaine | 17917 0.075 < | 0.269 Acceptable 0.075 = | 0.2688 Acoeptable
Seismic Drift: Frame 4 Seismic Drift: Frame D
o Story ] Story Drift tory ] | Total Drift | Allowable Story DAfe (in] | e Story | Story Drift] Allowable Story DATEin] | Total Drift | Allowable Story Dt (in]
HEIEHleI[ !inJ Aisruw = 0.015h, (im} Airane = 0.015h,, Hg];ht !ﬂl !ml Aprane = 0,015h,, {in} Arranc = 0.015h,,
Roof 11.500 0.091 < | 0173 Acceptable 0.751 < 0.97 Acceptabile Roof 11.500 0.027 < | 0173 Acceptable 0.313 <] 057 Acceptable
Ard 11.500 0.108 < | 0173 | Acceptable 0.661 < | 0.7975 | Acceptable 3rd 11.500 0.054 < | 0173 Acceptable 0.286 | <|0.7975| Acceptable
2nd 11.500 0,185 > | 0173 | Unacceptable 0.553 < | 0,625 Acceptabie 2nd 11.500 0,077 < | 0173 Acceptable 0.232 «< | 0.625 Acceptable
1st 12.250 0.192 > | 0184 0.368 < | 0.4525 | Acceptabl 1st 12.250 0.079 < | 0184 Acceptable 0.155 < | 0.4525]  Acceptabie
Mezzaine | 17.917 0.176 < | 0.269 Acceptable 0.176 < | 0.2688 | Acceptable | Mezzaine | 17.917 0.076 < | 0.269 Acceptable 0.076 <] 0.2688 | Acceptable |
Table 3: Drift Results for Seismic: Area 1
Seismic Drift: Frame 5 Seismic Drift: Frame E
G Story | Stary Drift| Allowable Story Drift (in) Total Drift | Allowable Story Drift (in) o Story | Story Drift| Allowable Story Drift (in) | Total Drift | Allowable Story Drift (in)
Height {ft) | (in) Sgrmane = 0.015h,, in) A = 0.015h,, Height (ft) {in) Sgpmac = 0.015h,, {in} S = 0.015h,,
Roof 11.500 0.132 < | 0173 Acceptable 1.158 > 0.97 Unacceptable Roof 11.500 0.047 < | 0173 Acceptable 0554 <| 057 Acceptable
3rd 11.500 0,190 > | 0173 | unscceptable 1.026 > | 0.7975 | unacceptable 3rd 11.500 0061 | < | 0173 | Acceptable 0507 | < D@ Acoeptable
2nd 11,500 0,252 > | 0173 | unacceptable 0.836 = | 0625 | Unacceptable 2nd 11,500 0,070 < | 0173 Acceptable 0.446 < | 0.625 Acceptable
1st 12.250 0.302 > | 0184 | unscceptable 0.584 > | 0.4525 | unscceptable 1st 12.250 0,162 < | 0184 | Acceptable 0.376 | < | 0.4525]| Acceptable
i 17.917 0.282 > | 0.269 | un 0.282 > | 0.2688 | Unscceptal i 17.917 0.214 < | D265 Acceptable 0.214 < | 0.2688 Acceptable
Seismic Drift: Frame & Seismic Drift: Frame F
S Story | Story Drift] Alowable Story Drft (in] | Total Drft | Alowable Story Drift (in] oy Story | Story Drift] Allowable Story DATE(n] | Total Drift | ANowable Story DAft (in]
Height (it} | (i) Deerunc = 0.015h,, {in) Deirune = 0.015h,, Height (ft) | (in) Agymann = 0.015h,, {in) A = 0.015h,,
Reof 11.5[‘;‘_0.135 < | 0.173 Acceptable 111 > 0.97 Unacceptable Roof 11.500 0.042 < | 0173 Acceptable 0.474 <| 097 Acceptable
3rd 11.500 | 0189 > | 0173 | Unscceptable 0,994 > | 0.7975 | Unscceptable 3rd 11.500 0.059 < | 0173 Acceptable 0432 < | 0.7975 Acceptabie
2nd 11.500 247 > | 0.173 | unacceptable 0.805 > | 0.625 | Unscceptable 2nd 11.500 0.072 < | 0173 | Acceptable 0373 | <] 0625 Acceptable
1st 12.250 291 > | 0184 | unscceptable 0.558 > | 0.4525 | Unacceptable 1st 12.350 0118 | < | 0184 | Acceptable 0301 | <]0.4525| Acceprable
Mezzaine | 17917 267 < | 0.769 | Acceptabie 0.267 < | 0.2688 | Acceptable Mezzaine | 17917 0,183 < | 0269 | Acceptable 0183 | <|0.2688 | Acceptable
Seismic Drift: Frame 7 Seismic Drift: Frame G
Story | Story Drift| Allowable Story DAift (in] | Total Drift | Alowable Story Drift (in] Story | Story Drift] Allowable Story DAft (in] | Total Drift | ANowable Story Drift (in]
S5 Height (ft) | (in) Olgsman = 0.015hy {in) Derne = 0.015h,, Sy Height (ft) | (in) L {in) Asgroanc = 0.015h,,
Roof 11,500 0.184 > | 0173 | unscceptable 0.977 < | 0.5175 | unscceptable Roof 11,500 0.039 < | 0173 Acotptable 0.435 <| 097 Acceptable
3rd 11.500 0.204 > | 0173 0.793 < | 0.345 3rd 11.500 0.054 < | 0173 b 0.396 < | 0.7975 Acceptable
2nd 11.500 0.589 > | 0.173 | Unscceptable 0.589 < | 0.1725 | Unscceptable 2nd 11.500 0.067 < | 0173 Acceptable 0342 < | 0,625 Acceptable
1st = = - - = 1st 12.250 0.108 < | 0184 Acceptable 0.275 < | 0.4525 Acceptabie
Mezzaine Mezzaine | 17917 0.167 < | 0.269 Acctptable 0.167 = | 0.2688 Acoeptable
Seismic Drift: Frame H
Story Story | Story Drift owable Story in} | Total Drift able Story ()
Height (ft) {in) Agrane = 0.015h,, {in) Asgranc = 0.015h,,
Roof 11.500 0.073 < | 0173 Acceptable 0.520 <] 057 Acceptable
3rd 11.500 0.082 < | 0173 Acceptable 0.447 < | 0.7975 |  Acceptable
2nd 11.500 0,090 < | 0173 Acceptable 0.365 «< | 0.625 Acceptable
1st 12.250 0.112 < | 0184 Acceptable 0.275 < | 0.4525]  Acceptabie
Mezzaine | 17.917 0.164 < | 0.269 Acceptable 0164 < | 0.2688 Acceptable

Table 4: Drift Results for Seismic: Area 2
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