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EXECUTIVE SUMMARY

In this technical report, the overall objective is to analyze the existing conditions of the expansion to Union
Station in Washington DC and to gain practical knowledge of the procedures used in the structural design
of the building.

Within the body of the report, a description of each structural system, required design codes, materials,
and gravity and lateral loads have been summarized through description as well as diagrams. At the end
of the report, three appendixes are located regarding wind loads, seismic loads, and spot checks. Spot

checks consist of a slab, beam, and a column check.

It is important to know that the expansion to Union Station was designed back in 2004 and was
constructed between the months of April 2005 and August 2006. For the wind and seismic calculations
determined in the report, ASCE 7-05 was used for this report. There is a 2.31% difference in the
calculations between the ones determined in the report to the results determined by the engineers. The
main reason behind this difference in the wind and seismic loads is ASCE 7-02 was used to design the
forces for Union Station. Some variables differ from each edition and different values were selected by

the writer of this report.

In regards to the spot checks done on Union Station, the slab check done in the report came close to the
calculations done by the professional engineers. For the beam and column, the size and steel
reinforcement from the actual project were used. The writer of the report determined the amount of load
each can carry based on only gravity loads. Since the beams, girders, and columns are part of the lateral
system, the results found were significantly lower than what the designers obtained since no lateral forces
were considered in the checks of the members. For more information regarding about this topic, refer to

the spot check section found on pagel2.
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STRUCTURAL SYSTEMS

Foundation:

Union Station’s expansion main foundation system consists of concrete piles and supportive columns. On
the Track Level, the foundation is visible for passengers traveling on a locomotive or waiting on the

platforms to notice. Each of the concrete piles and columns sit on spread footers.

The columns and piles are located between the eight locomotive rail ways that are part of Union Station.
Typical diameter size of the columns and the piles are 1 %2’ and are spaced 22’-0” from each other (in a

straight line between the rails).

The net soil bearing capacity for the site is 1000 PSF and each column and pile was designed to carry a
typical load of 250 kips. Fine to coarse sandy clay fill is the typical soil located on the site for Union
Station. Bearing capacity for this type of soil is calculated to be 100 psf. Since the owner of Union Station
wanted to have 5 levels above grade (not including the track level), light weight concrete was used to

achieve the goal. All systems rest upon spread footers and either have a dimension of 6’-0” or 12’-0".

Floor System:

The typical floor system for the expansion to Union Station 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 (See Figure 2). Since the tracks running

IJ

through Union Station had to be considered in the design as well
as the parking levels, the use of long spans was concluded as

the best approach for the design. In Union Station, the beams

o

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 ' =

5000 psi. Typical bay sizes in Union Station are 63'-0" x 24'-4". It

is to be noted that the floor systems for the expansion and the

4

existing structure for Union Station do not connect with each
other.
Figure 2: Typical Structural Plan
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For the Ground Level, a 6 ¥2” concrete slab was used as well as a composite design located along the
west elevation. The composite slab was used for part of the floor to give the ground floor extra support
due to the locomotives located directly below the west elevation (See Figure 2 regarding the composite
portion of the ground floor). A 5” light weight concrete slab over 1 2" gage LOK-Floor was used which
makes the ground floor total thickness to be 6 ¥2". ¥4 x 4 %2" shear studs were used in the composite floor
design. The typical member size for the beams is W27x84 which span 63’-0” and tie into a W33x118

girder. The girders tie into the concrete columns that are part of the foundation system.

Figure 2: Composite Design for Ground Level

Roof System:

The roof system of Union station is a 7” thick post-tension cast-in-place slab. The reason for this is the
roof of the Union Station expansion has parking located on it. Because of the parking located on the roof,
live loads from not only rain and snow, but as well as cars had to be considered in the design. Sufficient
drainage was required in the design to allow water to drain from the roof. A total eight drains are located
on the roof of Union Station. Waterproofing was used to protect not only the roof, but the other levels from

any damaged that could take place.

Columns:

Each floor of the Union Station expansion has about 20 cast-in-place columns. From the ground floor to
the roof, some of the columns taper in size while others are uniform throughout the building. The column
sizes range from 15” x 15” up to 28” x 40”. The concrete compressive strength for the columns is f', =
8000 psi.
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Lateral System:

The lateral load system for the expansion to Union Station is composed of an ordinary reinforced
concrete moment frame (See Figure 3 below for a portion of the lateral system). The 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 piles and columns take all the loads into the spread footers. It is important to
note that the existing structure and the addition of Union Station do not share a lateral system. The
existing structure to Union Station uses steel chevrons. The expansion sits on a separate column line
from the existing structure and an expansion joint was placed between column lines 7 and 7-1 (See
Figures 4 and 5 for a visual representation).
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Figure 3: Portion of Lateral System

Figure 4: Expansion Joint Figure 5: Location of Expansion Joint
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CODE AND DESIGN REQUIREMENTS

Codes and References:

“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
“ACl 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
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MATERIALS

Cast-In—Place Concrete:
Foundation Walls
Slab-On-Grade
Post Tension Beams
Post Tension Girders
Post Tension Slab
Stair/Elevator Walls

Columns

Precast Concrete:
Wall Panels

Spandrels

Structural Steel:
Wide Flange Shapes
High Strength Bolts
Anchor Bolts & Connection Steel
Steel Pipes
Structural Tubes
Cold Formed Steel

Welding Electrodes

f'e = 4000 psi
f'. = 5000 psi
f'. = 5000 psi
f'« = 5000 psi
f'. = 5000 psi
f'e = 5000 psi

f'. = 8000 psi

f'e = 5000 psi

f'e = 5000 psi

f, = 50 ksi
f, = 92 ksi
f, = 36 ksi
f, = 35 ksi
f, = 46 ksi
f, = 33 ksi

E70xx

Page 7 of 29




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

Adviser: M. K. Parfitt Technical Report 1 September 29, 2008

GRAVITY AND LATERAL LOADS

The following gravity loads were determined from ASCE 7-05
Dead Loads:

Construction Dead Load

Lightweight concrete 120 pcf
Steel 490 pcf
M.E.P. 10 psf
Finishes & Misc. 5 psf
Live Loads:
Office 50 psf
Stairs 100 psf
Landings 100 psf
Lobbies 100 psf
Mechanical 150 psf
Parking 50 psf
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Wind Loads:

Wind loads were calculated in accordance with ASCE 7-05, Chapter 6. To examine the lateral wind loads
in the North/South direction as well as the East/West direction, the analytical method was used. The
south direction was evaluated even though it is next to the existing structure of Union Station. The reason
is the addition is expected to be standing as long as the original part of Union Station will be. In the near
future, a building will be constructed along the east elevation. The wind pressures for the expansion to
Union Station were calculated based on the absence of this building. Union Station is categorized as
Exposure B due to the urbanization surrounding the building. The length of the North/South direction is
353'-2" and the East/West length is 189”-0". Thus the wind will control along the North/South direction. It
is also important to note the wind loads are higher than normal because since there are levels of parking
with openings in the walls and the track level does not have a fagade, the GCy, factor used in the design
process was +0.55. Figures 6 and 7 represent the wind pressures on each floor of Union Station.
Appendix A contains all wind variables, criteria, and detailed spread sheets.

Figure 6: North/South Wind Pressure
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Figure 7: East/West Wind Pressures

Seismic Loads:

Seismic loads were calculated in accordance with ASCE 7-05, Chapter 12. Upon investigating the
geotechnical report, the expansion to Union Station falls under the Site Class D. Sg and S; were
calculated from the United States Geological Surveying's (USGS) website. Figure 8 represent the seismic
forces on the expansion to Union Station. Appendix B contains all seismic variables, and detailed spread

sheets.
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Figure 8: Seismic Design Loads
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Spot Checks:

A total of three spot checks were completed for this report. The first spot check performed was on the
typical 7” post-tension cast-in-place floor (See figures in Appendix C for location of each spot check). The
objectives of this sport check was to determine the number of tendons and the effective force (Pes) used
in this portion of the slab. After completing the calculations, nineteen tendons were determined to resist a
force of 509 kips in the area of the slab checked. From the drawings, a wy, of 4 k/ft was used while a
value of 3.18 k/ft was determined for this report. The amount of tendons determined is therefore on the
low side. One reason for this could be a different load was considered for this area than the one used in

the calculations

The second spot check was done on a typical beam located in Union Station (Refer to Figure 9 for the
selected beam being checked). The dimensions from the drawings were used as well as the
reinforcement as a starting point to determine the load the beam can carry. It is important to note that the
load determined is lower than the value from the drawings which makes the beam over seized. Since the
beam carries lateral load as well as gravity loads, the absence of the lateral forces explains why the beam

is over designed from the hand calculations.

The final spot check was on column A/7.1 located next to the expansion joint that separates the existing
and expansion of Union Station. Like the beam, the column is over sized from the calculations due to not
including lateral forces. For the third technical report, a more detailed look of the lateral system will be

done by computer modeling.

To view all hand calculations for each spot check, refer to Appendix C.
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APPENDIX A: WIND LOAD CALCULATIONS
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Table I: Basic Wind Pressure Parameters

Basic Wind Speed (\) 90 mph
Wind Exposure Category B
Building Category I
Importance Factor 115
Wind Directionality Factor (Kg) 0.85
Topographic factor (K,) 1.0
Number of Stories 5
Building Height (Fete‘t)1 90.62
N-S Building Length (Feet) 353.25
E-W Building Length (Feet) 189
L/B in N-8 Direction 1.869
L/B in E-W Direction 0.54

1) Height Includes Parapet On Roof

Gust Factor
. Wind Direction

Variable &S W
Stiffness Rigid Rigid
B (Feet) 189 353.25
L (Feet) 353.25 189
h (Feet)? 65.67 65.67
[= 0.30 0.30
z (Feet) 52.9 52.9
I, 0.291 0.291
| (Feet) 320 320
€ 1/3.0 1/3.0
L, (Feet) 340 340
Q 0.81 0.77
Og &gy 3.4 3.4
G 0.81 0.78

2) Considering only the part of

the building with a fagade

Table Il: Gust Factor Parameters

Wind Direction |C,, Windward |C,, Leeward |Gust Factor GCm3
N-S Direction 0.8 -0.5 0.81 +0.55
E-W Direction 0.8 -0.25 078 +0.55

3) Used since there are multiple openings in the fagade

Table IlI: C,, Gust Factor, GC,; Factors
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Wind Pressures (psf) ) Wind Pressures (psf)

oy | ke | e [ NS TONS T NS | e « [EW | Ew | ew

Windward | Leeward Total Windward | Leeward Total

90.62 0.96 19.46 23.31 -18.58 41.89 90,62 0.96 16.46 22.84 -14.50 37.34

a0 0.96 19.46 23,31 -18.58 41.89 90 0.96 19.46 2284 -14.50 37.34

50 053 1885 | 2258 | 1858 | 4117 80 0.95 1885 | 2213 | 1450 | 3663

70 0.69 1804 | 2161 | 1858 | 4019 70 0.69 1804 | 2118 | 1450 | 3568

60 0.85 17.23 20.64 -18.58 39.22 60 0.85 17.23 20.23 -14.50 34.72

50 0.81 16.42 19.67 -18.58 38.25 50 0.81 16.42 19.28 -14.50 3377

40 0.76 15.40 18.45 -18.58 37.04 40 0.76 15.40 18.09 -14.50 3258

30 0.7 1418 17.00 -18.58 35.58 30 0.7 1419 16.66 -14 50 31.15

25 0.66 1338 | 1603 | -1868 | 3461 25 0.66 1338 | 1571 | 1450 | 3020

20 0.62 1257 15.06 -18.58 33.64 20 0.62 12.57 14.75 -14.50 29.25

0-15 0.57 11.55 13.84 -18.58 3242 0-15 0.57 11.55 13.56 -14 50 28.06

Table 1V: Values for Typical Wind Loads from ASCE 7-05

Wind (Morth-South)
. Tributary — Story Story | Owerturning

Level '_-FEE ':_t Area [ ) q’___ W ';'d""'_a": 'EE"‘;'_]rd "?_I Force Shear Moment
(et [Faat) (RSt (psf) (psf) s | ipsy | kips) | (Frekips)

Roof 20.62 5.75 0.68 189.5 23.3 -158.8 41.2 85.1 85.1 436.3

5 T8.67 11.5 o.B2 18.6 22.3 -18.8 40.2 3384 423.5 3413.8

4 85.17 11.5 0.87 17.6 21.1 -18.8 387 7865 1178.0 12328.2

3 53.67 11.875 0.82 16.6 19.8 -18.8 385 13502 2528.2 34345.9

2 41.42 15.1 77 15.8 18.7 -15.8 aTa 23058 | 48378 202868
Ground 235 10.95 0.85 13.2 15.8 128 344 23086 | 48378 202868
Track Level 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 48378 20286.8

Table V: Wind Load Distribution along North/South Direction of Union Station
Wind (East-West)
. Tributary - Story Story | Owerturning
Height . i L rd otal -

Lewvel |'FE=I-get'| Area Fz ) q’___ w nd.r..a @ TE:: ipsh) Force Shear Moment
cE (Feef) ipsty (psf) ! ! iKips) | (Kips) | (Ft-Kips)

Roof 20.62 5.78 0.68 18.5 22.8 -14.5 ar.a 40.8 40.5 233.3
5 TE.67 11.5 0.2 18.6 21.8 -14.5 36.4 181.3 201.8 1827 .4

4 85.17 11.5 0.87 17.6 20.7 -14.5 35.2 28588 581.7 G017.7
3 53.67 11.875 0.2 16.6 18.5 -14.5 34.0 5424 12041 16501.2
2 41.42 15.1 7 15.8 18.3 -14.5 32.8 1087.2 | 2301.2 420878
Ground 235 10.85 0.85 13.2 15.5 -14.5 30.0 10687.2 2301.3 42087.8
Track Level o [u] o 0.0 0.0 -14.5 14.5 0.0 2301.3 42087.8

Table VI: Wind Load Distribution along West Direction of Union Station
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APPENDIX B: SEISMIC LOAD CALCULATIONS
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Seismic Parameters

. Occupancy | Importance Seismic
Ss S, Site Class Category Factor Fa F, Sus S Sps Sp1 CZ?:;%Y:Y R C,
0.153 0.05 D Il 1.25 1.6 24 0.245 0.120 0.163 0.080 B 3 1.7
T T T c Roof Dead | Floor Dead| Snow |Wall Load| Wieor Wior w A P \Y
2 s s Load (psf) | Load (psf)' [Load (psf)|  (psf) (kips) (kips)? (Kips) (%) (ft) (kips)
0.901 1.53 0.490 0.0218 75 140 21 35 6409 38840 45249 | 66749.13| 1084.34 986
1) Floor dead loads include the weight of the slab, beams, girders, and columns
2) Total force for all levels not including roof
Table I: Seismic Parameters
Height L Fy Cwerturning
Lewel Area i :
(Feet) (Kips) Marment
(Feet) '

(Ft-Kip=)

Roof 5812 575 0.24 239 13762

5 TB.EY 1.5 0.37 350 E199.6

4 6217 1.5 0.22 221 14366.1

8 5367 11.875 012 122 248348

2 41.42 15.1 0.04 44 393597 .7

Ground 23.5 10.95 1.00 9586 39397 7

Track Level 0 0 1.00 986 393597 .7

Table Il: Seismic Load Distribution for Union Station
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APPENDIX C: SPOT CHECK CALCULATIONS
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