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Executive Summary

The purpose of Technical Report 1 is to analyze and describe the existing structural
system of The Belmont Executive Center; Building A. Descriptions of the foundation system,
floor system, column layout, roof system, and lateral system are provided. A list of materials
and design codes are also provided. Wind loads are calculated using the analytical method 2,
and seismic loads were calculated in accordance to seismic design category A. The wind loads |
calculated were reasonable for a 5 story office building. They were within 10% of the wind loads
noted on the structural drawings. Seismic calculations resulted in very low base shear, and wind
is the controlling load for the lateral system. Beam and column spot checks were also
completed and it was concluded that the structural members provide adequate support.

Introduction

The Belmont Executive Center; Building A is located in the Belmont Executive Center,
which will include office, retail, restaurant, daycare, and hotel spaces. Residents of the Dulles
North area will be offered daily shopping, specialty shopping, and dining choices.

Building A is a 125,000 SF, 5-story office building designed to accommodate multiple
tenants. The facade of the building is constructed primarily of brick on light gage metal studs.
Vertical brick columns are spaced around the perimeter facade, some of which enclose
structural columns, others which do not support any load. A large curtain wall system
distinguishes the entrance of the building, and the corners of the building also have a curtain
wall system. The structural system of the building is constructed of steel framing with light
weight concrete on composite deck as the floor system. Lateral bracing is provided by four
concentrically braced frames.
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Structural System

Foundation System

The foundation system is made up of spread footings located at the base of the steel
columns, and range from 19’-6” square to 10’-6” square, depending on the location. Larger
footings are located in the center right part of the building, to support a mechanical room and
the restrooms. Smaller foundations are located at the exterior columns. All larger foundations
are shown in yellow in the Figure 1 below. The perimeter footings are connected by grade
beams that support the masonry facade. A stepped grade beam is located just to the left of the
entrance to allow a connection to the sanitary line. There is also a stepped grade beam on the
right side of the building for the domestic water line and fire service line connection. The
ground floor is a 5” thick concrete slab on grade reinforced with #3 rebar @ 15”0.c. running
both directions. A 6” slab on grade is located to the right side of the building to support a 30
yard trash compactor, and is highlighted in purple in Figure 1. It is reinforced with #3 rebar @
12”0.c. each way. The slabs are supported by 4” granular material, on top of compacted soil.

Figure 1 showing the foundation layout
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Column System

The floor and roof system are supported by three column lines in the north-south
direction and nine rows of columns in the east-west direction. Because the exterior column
spacing is dictated by the architecture of the building, the columns on the left and right side of
the building are offset from those in the interior. At the corners of the building they are offset
by 1’-3” and the interior columns are offset by 7 %4”. This offset creates a slight skew in the
beams spanning from the exterior to the interior. Figure 3 shows the column offset. Most of the
columns are W shape steel beams, and a few are HSS columns. Hollow structural steel columns
are located at the front left and right corners of the building. They are also used in the left rear
and right rear corners, on floors three to five, and to provide intermediate bracing below the
exterior terrace on the fifth floor. The typical bay sizes for each floor is 38’x 30" and 26’x30’.
Figure 3 shows the typical column layout.
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Figure 2: Column Offset
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Figure 3: Column Layout

Floor System

Floors 2-4 are constructed of 3-1/4” light weight concrete, on 3” composite metal deck. The
deck is reinforced by 6 x6 - W1.4 x W1.4 welded wire fabric, and supported by W-shape steel beams.
There are three bays in the north-south direction, and ten in the east-west direction of the building. For
reference, the outer lying bays are highlighted in red, and the middle bay is highlighted in green, see
Figure 4. Typically, there are W21x44 beams spaced 12’-10 %” to 9°-9”, on floors 2 through 5, in the two
outside bays. In the middle bay the beams are typically W16x26. Between the elevators and stairwell
three, the steel beams are W14x22. Composite action is provided shear studs, and most beams also
have upward camber ranging from %” to 1” to compensate for service and live load deflections. W
21x50 girders support the load reactions from the beams. On the second floor there is no framing at the
main entrance, because this area is open to the ground floor. Floors 3-5 are framed similarly. On the
fifth floor the exterior terrace floor is supported by W10x12 steel beams.

The mechanical equipment in the penthouse is supported by a typical concrete floor,
constructed of lightweight concrete on composite metal deck. This is the only concrete slab on
the roof level. W16x26 beams span across the bay to support the floor.



Technical Report 1
Nicholas L. Ziegler - Structural Option
Advisor: Professor M. Kevin Parfitt

pr

Etic

Belmont Executive Center; Building A
Ashburn, VA
October 5, 2009

Figure 4 typical beam size and spacing
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Figure 5: Special Loading Conditions

Roof System

The roof system is supported by K-
series joist, spanning across the three bays in
the north-south direction. All the joists in the
outside two bays are spaced at 6’-0” on
center. Joists in the front and rear bays were
designed for specifically by the joist
manufacturer for snow drifting, because this
can be a critical load failure for open web
joists. All joists that were specially designed
are denoted by SP, and there are 6 different
loading conditions. Each loading condition is
shown in Figure 5. Three rows of bracing are
provided in the rear bay, to prevent lateral
torsional buckling. Regular K series joists
ranging from 22K5 to 18K3 support the roof in
the middle bay. The penthouse roof is
supported by 20K3 spaced at 6’-0”, with 3
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rows of bridging.

The standing seam metal roof screen that shields the penthouse from view is supported
by a combination of K Series joists and W shape beams. At roughly every 30’ W shaped steel
beams are angled at 45 degrees, and are supported by steel posts. Between the beams, four K
series joists run parallel to the building perimeter. L 2 x 2 x1/8” angle provides bracing at 6,
between the joists. Figure 6 shows the angled beams, highlighted in yellow, and the joists can
be seen spanning between them. Figure 7 shows a typical cross section of the roof screen.
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Figure 7: Roof Screen Support
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Lateral System

Lateral loads on the building are supported by four concentrically braced frames. Three
of the frames are located in the north-south direction to support higher wind loads from the
broad side of the building, and one frame is located in the east-west direction. The three
frames in the north-south direction are located on the column lines, adjacent to stairwell one
and two. The other is located to the left of stairwell three. In the east-west direction the frame
is located between columns B6 and B7. All frames are braced with hollow structural steel
ranging in size 8 x 8 x % at the first floor to 4 x 4 x % on the fifth floor. Figure 8 shows the
elevations of each braced frame, and Figure 9 shows the location of each frame.
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Materials

Concrete — All concrete shall have natural sand fine aggregate, and Type | Portland Cement
conforming to ASTM C150. Concrete in the footings, pilasters, and slabs on grade shall be
prepared with normal weight course aggregates conforming to ASTM C33. The concrete in the
composite slabs shall have lightweight course aggregates conforming to ASTM C330, and a
maximum unit weight of 115 pounds per cubic foot.

Compressive Strength

Footings 3000 psi
Pilasters 3000 psi
Slabs on Grade 4000 psi

Composite Slabs 3500 psi
Reinforcing Bars — Must conform to ASTM A615, grade 60.
Welded Wire Fabric — Must conform to ASTM A185.

Roof Deck — All Type B deck shall be 22 gage cold formed steel conforming to ASTM A653 SQ
Grade 33. The deck shall be 1 =% inches deep and have a minimum section modulus of 0.186
inches cubed per foot of width.

Composite Steel Deck - Composite steel deck shall be 18 gage minimum cold-formed steel
conforming to ASTM A611, Grade D and shall have a phosphatized and painted lower surface
and a phosphatized only top surface. The deck shall be 3 inches deep and shall have a minimum
section modulus of 0.803 inches cubed per foot of width.

Structural Steel

W Shapes — Shall conform to ASTM A992

Other Steel Shapes, Plates, Angles and Channels — Shall conform to ASTM A36
Steel Pipe — Shall conform to ASTM A53, Grade B

Steel Tubing — Shall conform to ASTM A500, Grade B

Anchor Bolts — Shall conform to ASTM F1554, Grade 36

Bolts — Shall meet or exceed the requirements of ASTM A325, Type N, X, or F

10
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Concrete Masonry

Concrete masonry shall have a minimum compressive strength of 1500 PSI on the net cross
sectional area at 28 days

Masonry Units — Shall be grade N, Type | light weight or medium weight hollow concrete units
meeting fire rating requirements and conforming to the requirements of ASTM C90

Mortar — shall conform to the requirements of ASTM C270, type M or S

Grout — shall conform to ASTM C476

11
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Codes

Building Code

Virginia USBC (IBC 2000)

Structural Steel
AISC Specification for Structural Steel Buildings
AISC Code of Standard Practice for Steel Buildings and Bridges

*Exception of paragraph 4.2.1 — Deletion of the following sentence: “This approval constitutes the owner’s
acceptance of all responsibility for the design adequacy of any connections designed by the fabricator as part of his
preparation of these shop drawings.”

AISC Manual of Steel Construction — Allowable Stress Design, 9" Addition
Steel Joist Institute Standard Specifications for Open Web Steel Joists
AlSI Specification for the Design of Cold-Formed Steel Structural Members

Concrete

ACI Details and Detailing of Concrete Reinforcement, ACI 315

ACI Detailing Manual, ACI SP-66

ACl Manual of Engineering and Placing Drawings for Reinforced Concrete Structures, ACl 315R
CRSI Manual of Standard Practice

Concrete Masonry
ACI Building Code Requirements for Concrete Masonry Construction, ACl 530
ACI Specifications for Masonry Structures, ACl 530.1

Design Loads
International Building Code 2000
American Society of Civil Engineers (ASCE), ASC- 7

12
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Gravity Loads

Snow Load

Snow loads were calculated in accordance with ASCE 7-05 Chapter 7. As mentioned earlier,
special snow drift conditions were considered for the K series joists supporting the roof. Snow
drifting was considered against the parapet, and the penthouse. One calculation determined
that a load of 49 — 50 pounds per square foot should be applied where drifting occurs. This
matches the loading of the structural engineers, who calculated a load of 51 psf. The calculated
ground snow load 21 PSF also matched the load listed in the structural notes. See Appendix A
for calculations.

Dead/Live Loads

Live Loads
Design
Area Load
Office Space 100
Permanent Corridors 100
Lobbies, Stairs, and Assembly Areas 100
Mechanical Space 125
Light Storage (Mechanical Rooms) 125
Roof 30
Dead Loads
MEP 5
Ballasted Single Ply Roof 11
Finishes/Partitions 20
3 1/4" Lightweight Concrete on 3"
Metal Deck 60

Table 1: Design Gravity Loads

13



Technical Report 1 Belmont Executive Center; Building A
Nicholas L. Ziegler - Structural Option Ashburn, VA
Advisor: Professor M. Kevin Parfitt October 5, 2009

Lateral Loads

Wind Loads

Wind loads on the building were calculated in accordance to ASCE 7-05, Chapter 6.
Analytical method number two was used to determine wind loads in both the north-south
direction and in the east-west direction. For the purpose of this report, | made a few
assumptions to simplify the calculations. The assumptions made were to include the roof
screen height into the total building height, and to assume the building horizontal projections
to be rectangular. Wind effects on the building parapets and roof screen were not taken into
consideration. A more detailed and accurate analysis will be performed in future technical
reports.

All the variables and coefficients used in the calculations are located in the Appendix B.
Table 2 summarizes the wind pressures in the North-South direction. As mentioned earlier the
wind loads in this direction are higher than those in East-West direction because this is the
broader side of the building. Table 3 summarizes the wind pressures in the East-West direction.
It should be noted that internal pressures caused by openings in the building facade were not
incorporated in the total wind pressure. An internal pressure of £3PSF will be added when
determining the worst possible loading for the design of the exterior walls.

North-5outh Direction
Height Wind Pressures: Wind Pressures: Total | Story Force | Story Shear Owerturning
Stary [ft) Windward Walls Leewsard Walls [psf) [kips) [kips) Moment [ft-kips)
1 15 B6.89 -6.64 13,52 24.7 357.1 371
2 28.33 B.26 -B.64 14,90 439.0 332.3 1387
3 4167 9.22 -6.64 15.85 50.0 283.3 B4
i 55 9.98 -6.64 16.62 51.8 233.3 205
68.21 ¥).62 -6.64 17.25 54.8 180.5 3740
Roof | B4.5 n.29 -6.64 17.92 125.7 125.7 10619
Total K71 1512 21107
Internal Pressure = |=3P5F

Table 2 wind pressures (North-South Direction)

14
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East-West Direction
Stary Height Wind Pressures: Wind Pressures: Total | Story Force | Stary Shear Owverturning
[ft) Windward Walls Leeward Walls [psf) [kips) [kips) Moment [ft-kips)
1 15 6.89 -3.72 10.60 15.4 292.5 31
2 2B.33 B.26 -3.72 11.98 389 273.1 102
3 41.67 9.22 -3.72 1294 40.5 234.3 I6EB
4 55 9.98 -3.72 13.70 43.3 193.7 BE3
5 68.21 .62 -3.72 14.33 45.4 150.4 3086
Roo Bd.5 11.29 -3.72 15.00 105.0 105.0 BETS
Total B15 12439 17435
Internal Pressure =  |£3P5F

Table 3 wind pressures (East-West Direction)

Wind Pressure Diagrams

17.92 PSF 6.64 PSF
17.25 PSF o
16.62 PSF
INTERNAL
PRESSURE = +/- 3PSF q
15.86 PSF
14.90 PSF 1

13.52 PSF L
i

NORTH - SOUTH DIRECTION

Figure 10 Pressure Distribution along E-W Face

15.00 PSF _/ 3.72 PSF

14,33 PSF i
13.70 PSF
INTERNAL >
12.94 PSF PRESSURE = +/- 3PSF
11.98 PSF Iy
10.60 PSF
>

EAST - WEST DIRECTION

Figure 11 Pressure Distribution along N-S Face
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Figure 13: Load Distrubtion along N-S Face

The highest wind pressure calculated is 17.92 PSF. Because the roof screen was assumed

to be another story, this value will be conservative. Overall the values obtained were

reasonable for a five story office building. In the structural notes, the structural engineers listed

a design value of 18.3 PSF. If the engineers used the highest value as a blanket load on the

entire facade, it is within 10% of my calculated value.

16
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Seismic Loads

Seismic loads were analyzed using chapters 11 and 12 of ASCE 7-05. Values for the short
period response accelerations and the one second period response accelerations differed from
those of the structural engineers. Both values | found were from the USGS computer program
and the USGS seismic maps. A reason for the variance in the numbers could be caused by the
fact that the structural engineers followed IBC 2000 when designing the building. Also, there
could be a local provision in the Virginia area, which requires the response accelerations to be a
certain value. Although research was done to find such a provision, none was discovered.

Because of the building height, soil class, and response accelerations the building fell
into seismic design category A. Buildings in this category need only to be designed in
accordance to section 11.7 of ASCE 7-05. Table shows the equivalent force on each floor. The
base shear created by the seismic load is much less than the base shear created by the wind
loads. Therefore wind will be the controlling lateral load.

Seismic Loads
hy

Floor | (ft) Weight (kips) F,=0.01 w, (kips) | M, (ft-kips)
2 15 2279 23 342
3 28.33 2256 23 639
4 41.67 2256 23 940
5 55 2042 20 1123
Roof | 68.21 682 7 465
Total 95 3509

Table 4: Equivalent Seismic Load

17
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Appendix A

Snow Load Calculations: Flat Roof Snow Load, Snow Drifting

18
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Appendix B

Wind Load Variables, Coefficients, Calculations

20
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Variables

Wind Directionality Factor Kq=0.85

Exposure Category “

External Pressure Coefficient
Windward Wall

External Pressure Coefficient
(E-W Leeward Wall)

Table 5: Wind Variables

Velocity Pressure Coefficients: K, K,

Roof Screen 84.5 0.94 16.60

Table 6: Pressure Coefficients

21
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Appendix C

Seismic Load Calculations
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Building Weight

To find the weight of the steel structure a typical bay was analyzed and the average weight per
square foot was determined. A load of 15 PSF was assumed for the exterior fagade, large MEP
equipment was added in, and the weight of the roof screen was included. All applicable dead

loads were also applied.

Belmont Executive Center; Building A
Ashburn, VA
October 5, 2009

Average Weight Per Floor

Material PSF
Steel Framing 8
31/4" LWCon 3"
60
comp. metal deck
MEP 5
Finishes 5
Partitions 15
Total 93

Table 7: Average Weight Per Floor

Building Weight Per Floor
Load (PSF) Floor Floor Area (SF) Weight (kips)

93 2 25707 2391
93 3 25435 2365
93 4 25435 2365
93 5 22850 2125
22 Roof 22850 503

Total 9749

Table 8: Total Weight Per Floor
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Weight of Mechanical Equipment

Equipment Name Equipment Weight (lbs)

EF-1 500.0

EF-2 500.0

EF-3 500.0

HP-2 396.0

Table 9: Weight of Large Mechanical Eq.

Total Building Weight (kips)

Exterior Facade

Large MEP Eq.

Table 10: Total Weight

27



Technical Report 1
Nicholas L. Ziegler - Structural Option
Advisor: Professor M. Kevin Parfitt

.EEau_'b'l..:.n.. AL Tbpiacy |

Belmont Executive Center; Building A
Ashburn, VA
October 5, 2009

. - o a9y
Wipigpy o LyEEL IR OCTAP LA By
- ST lm--:l-'-'..lbﬂ\} .L""“—" 1% e Tomhie CsaBhteT
L T 1y
[ A - WL L SR ey T (. A e g )
'f, # ) = 4itn b
] P = wilegns [ SE)L-0E) 4 L3d) Eay
, ] ] T = 232%5m 1
o
B L m o warrmlad - (KL PS5
7 4 E * w1
wbarle® s i L EY e g
* HEE b
o I .__" ] L wtiy ) (e L ey
Y wisesd T knwug L20%sY = BOE U
I.:';'E"' u " -1 L TP R, ST T T |
Ty = LTl
TaTen
AT L LT TS
_r-g'lpl_ .
5Fc Belznaly#® nan §i
Vol w o 1987 :
LR S T 3 J'!;lr_ ) TR Wfopa
a4 Ve
Flesn hogk,
| LT g Moh F
I 24, WIF e rrErian.  f
Yi  OLE, W1F  WF W hrpuM® 5 TIF  Ball
B: a1, 1858 <f

DeEse  onps

g oprE - WAERL  F RN

MR Rl WAL T

Crmats  wabha, MWOLER " 59,009 5F

Ird FAF = Ja Zpal, METAL BECE  Teman waminsT s 4y LT4 L)

PR bW
S PiF - HER

| |5 FiF - PARIVTWORS
I 93 MHE

el PER, Tloed
. Li 2K3H K
I A7 Lnm R
| W o s
| 5: A ﬁ

: T E

28

1&gty

- Lt

g

E hpmae oo YPEgy FRAHILE.

W WY mloen  gragy oA
LaPiF oy,
5 PIF - mEE
VL BeF = Rmariadis
2L Fap

Wiy = An{adde) - 5ad "
== ]



Technical Report 1
Nicholas L. Ziegler - Structural Option
Advisor: Professor M. Kevin Parfitt

B ouag. S LF - .."“-!’Q;.‘-.EH.‘E
i

amgm SLAERTR

ks - L e
ke - L2 Ty
Myy - 5.2 ko
e S T

i, * 22 @ Zo', 1.5 Lome

s LAY LS b
w

Taan - 284 Mfep ¢sita) v se”

e

Lancs HER o

1%l *

2 oo el

N T ——

9.4

15.m
4@z 35

Tl

$o3 X

8515 * o apon

5 W

Belmont Executive Center; Building A
Ashburn, VA
October 5, 2009

=3

S R — |

*| increased partitions load to 20PSF, and therefore the total building weight is listed as 1059 in

Table 10.
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Appendix D

Spot Checks: Beam and Column
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& Column Spot Check
. ) ) ) Dead Load at
Floor Tributary| Dead Live Influence | Reduction lLive Load Long Load o Accumulated
Area (ft’) |Load (psf)| Load (psf) [Area (ft’)] Factor (Kips) (Kips) Combination (Kips) Load (kips)
Roof 599 33 20 2394 0.56 6.7 19.8 1.2D +0.5L, 27.1 27
5 599 85 100 4788 0.47 28.0 50.9 1.2D+1.6L 94.6 122
4 599 85 100 7182 0.43 25.6 50.9 1.2D+1.6L 91.8 213
3 599 85 100 9576 0.40 24.2 50.9 1.2D+1.6L 50.1 304
2 599 85 100 11970 0.40 24.0 50.9 1.2D+1.6L 89.9 393
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