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The following technical report fulfills the requirements specified in the
structural Technical Report Il assigned by the faculty for senior thesis.

Technical Report Il includes;
I. A detailed structural analysis of the loads used in the construction
and renovation

ll.  Member spot checks for gravity loads in a typical bay

. A detailed analysis of alternative framing systems which are;
¢ Reinforced two-way flat-slab with edge beam
e Structural steel framing w/ composite joists
e Non-composite wide flange steel frame on composite deck

IV. Comparison of the existing and the alternate framing systems
Thank you for reviewing this report. | will kindly appreciate your feedback.
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Yemi A. Ositelu.
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EXECUTIVE SUMMARY

440 First Street is a mixed use building located in Washington, D.C. The
existing 8-story building, constructed in the early 80’s began renovation in
2012 and was completed in 2013. Three stories were added to the
building, including a penthouse, resulting in a 20.6 foot increase in building
height and a total gross square footage of about 142000 GSF. The new 10-
story architectural design provided a seamless transformation of the
existing building into a more modern, state-of-the-art building, well on its
way to a platinum LEED certification.

The existing building, floors 1 to 7, comprises of a frame assembly of cast-
in-place concrete structural slabs and column, with low story heights. The
foundation system is mainly supported by the spread footings. The new,
additional framing (8t floor and above) uses composite framing, with
wide flange steel shapes used in the majority of the added structural
system.

Building codes and design standards typically used in the project include
the ASCE and the IBC, with gravity, lateral, and seismic loads all
considered.

This report will cover the codes, design loads, existing framing, framing

renovations and additional framing in more detail and in a wider
perspective.
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440 FIRST STREET

GEMERAL DESCRIFTION

LOCATION WASHINGTON, B.C.
OCCUPANCY OFRCE/ RETAIL
SIZE 141,929 SQUARE FT.
NUMBER OF STOMES 11 (ABOVE GRADE)
ACTUAL COST INFO. $20.000,000 [REND.)
FROJECT TEAM
HEW CORHSTRUCTICH
OWWHER FP FIRST STREET, LLC
GEMERAL CONTRACTOR| SIGAL CONSTRUCTION
ARCHIECT FOX ARCHITECTS
CIVIL ENGIMEER WIKA
STRUCTURAL ENGINEER | RGA
MEP ENGIMEER VANDERWEIL
LIGHTING COMSULTANT [ .M KUING & ASIOC.
3PECS. WRITER BETHEL SPECS.
LEED COMSULTANT LORAX
CODE COMSULTANT ADH MSK SOLUTIONS
EXISTIHG COHSTRUCTION
ARCHITECT VLASTMIL KOUBEK, AL&
STRUCTURAL EMGINEER | BASKAM L JURCTYK
MECHANICAL & THE OFFCE OF LEE
ELECTRICAL | KEMDRICK
ARCHITECTURE

440 First Sireet, NW, s located between D and E Sireels
In downtown Washington, D.C. The existing B-story
bullding was construched in 1982 and renovalion was
Intiated in 2012 If has 10 storkes + a mechanical pent-
house, and there are two exiling below grade park-
Ing ganages, which were repaired and ulilzed o a
walet parking faclity. The new facade s a £om-
bined glass-and-melal curtain wall system, which al-
lows for oubstanding views and more imporhanity,
natural daylighting.

MECHANICAL SYSTEM

Cwrineg the renowafion of 440 Rrst 3reet, the pimary
mechanical |3AS) syshems were reploced and result-
=d in o 25% reduchion in =nergy usoge. t consisks of 3
mechanical rooms housed in the penthouse and 2
cooling fower on the panthous= roof.
Openings were created in the steel beoms and girders

UGHTING/ELECTRICAL SYSYTEM

The curdain wall and the many windows in the fo-
gode provide the buikding with natual doviighfing,
improving =nengy efhiciency.

The inferiors ane well i with LED fidures and other
wvanous snengy efficient ight fodunes

440 FIRST STREET, NW
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STRUCTURAL SYSTEM
FRAMING SYSTEM
EXSTMG  Castn-place concrede wiff hwo-way siociural
comcrefe slabs and reinforced concrefe
columns and beams.
© NEW Composie shesl framing with 5 147 skabs
LATERAL SYSTEM
| EXSTHG  Sab-Colwmn Concrefe frames
HEW Sesl Momenf Frames
FOUMDATION
Waills and columns are supporfed by spreod foofimgs.

SUSTAINABILITY

« Majority of the building ‘s struchural elements wil be reused
+ Green Roof will hove local plonis thot require minimeal waoher-

iing and ako reduces storm woter overfiow ond  minimizes
“heat idond” effect

» Recyded materiak are used and are obtained regionaly
+ The bulding hos ochieved LEFD Plafirem Cerification

ALL BAGEY COURTIEY £F JEFF GRLDWERRS OF EiND PHOTOGRAPHT
PO PO A MCHITRCTE
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DOCUMENTS USED DURING THE PREPARATION OF REPORT

The following is a list of the structural codes and design standards used in
the structural analysis of 440 First Street, NW, Washington, D.C.

V1.
VII.
VIII.

International Code Council
o0 International Building Code 2006
American Society of Civil Engineers
0 ASCE 7-05 &10: Minimum Design Loads for Buildings and Other
Structures
American Concrete Institute
o0 ACI 318-11: Building Code Requirements for Structural
Concrete
American Institute of Steel Construction
0 AISC 14t Edition: Steel Construction Manual
Vulcraft Deck Catalog
First Edition, Standard Specification for Composite Steel Joists
Reinforced Concrete Mechanics and Design Textbook
Previous AE Course Notes
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GRAVITY LOADS

Roof Loads

This section includes the calculations of the penthouse and main roof
loads; dead, roof live and snow loads.

Figure 3 and Figure 4 show cross-sections through the main roof and
penthouse roof respectively.

METAL PARAPET CAP TO BE
CONTINUOUS & PROVIDE A WATER
TIGHT CONDITION WHEN
TRANSITIONING TO ADJACENT
PARAPET CAPS

5.5 VENEER TIE

4" INTEGRATED CEMENT BOARD
BALLASTED RIGID INSULATION

1/2" DRAINAGE/ PROTECTION BOARD ) |
5.5, VENEER TIE — |
T.0. ROOF _ _
132'-¢" ~
Q
=
8|z i
9|3 I
o|& I
9 I
Lla i | STEEL KICKER
& I (SEE STRUCTURAL)
F'I’ | B
N e NET FILTER
K PAINTED 5/8" GWB SOFFIT ON
[ 2-1/2" METAL STUDS @ A6" 0.C.
6" x 6" STEEL SHELF ANGLE N\
PAINTED BREAK METAL TO
MATCH MULLION FINISH

Figure 3: Section Detail At Main Roof Level

440 FIRST STREET, NW 6]Page



YEMI OSITELU | STRUCTURAL TECHNICAL REPORT |
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Figure 4: Section Detail At Penthouse Roof Level
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GRAVITY LOADS

Floor Loads

This section includes calculations of dead and live loads for the floors of
the original cast-in-place concrete design and the new addition.

Figure 5 shows a section through a typical cast-in-place concrete slab in
the existing building, and Figure 6 shows a section through a typical new
floor.

]

3 PAINTED BREAK METAL TO
/f MATCH MULLION FINISH
H/Z METALSTUDS @ 16 0.C. ——_ |

5/8° PAINTED GWB TYPE X
DRY JOINT COMPOSITE ——_| ' /

METAL PANEL

METAL PANEL TYPICAL
FLASHING

FULL FACE BRICK (SLOPE 1/8")

S.5 VENEER TIE ——_|

6THFLOOR L
S

2 58
180

SLAB EXTENSION

C @ 2-5/8" NOMINAL]

FLOORS 3-10

STEEL KICKER (SEE STRUCTURAL)

\ 3-1/2" METAL STUDS @ 16" 0.C.
PAINTED BREAK METAL TO
luv\f MATCH MULLION FINISH

EXTERIOR SEALANT & NET FILTER
BACKER ROD

FACE MASONRY 47 x 12"

AIR & VAPOR BARRIER ON FIRE
RESISTANT EXTERIOR SHEATHING

4\

\"

6" x 6" STEEL SHELF ANGLE

Figure 5: Section Detail Through Typical Existing Floor
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1-1/2" SQUARE ALUMINUM
SAFETYTUBE |

FRIT PATTERN EXTENDING
30" ABOVE SLAB ON X
CONTINUOUS IGU
5/8 GWB ON 3-1/2° METAL STUDS -
LAYING FLAT IN TRACK \
FULL FACE BRICK (SLOPE 1/8")
5.5. VENEER TIE %
FACE MASONRY 4" x 12" e

&

o

/m_10TH FLOOR d
‘_j 122' - Q" "7"'__1"-,-' . -_ ..:_... il ?\‘._‘..
2 : ‘€1 Hl
™ (2] |:
e d i ! STEEL KICKER
hall < i (SEE STRUCTURAL)
RS w ]
¥ I
& | Il _———— NETFILTER
'&ﬁ ______

$.S VENEER TIE
6" x 6" STEEL SHELF ANGLE

PAINTED BREAK METAL TO
MATCH MULLION FINISH

Figure 6: Section Detail Through Typical New Floor
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This section includes calculations of the exterior wall loads.

Figure 7 shows a cross-section of typical exterior wall detail, and Figure 8
shows a cross-section through the curtain wall on the east fagcade of the
building.

v
PAINTED BREAK METAL TO
MATCH MULLION FINISH ——\ s
5/8' PAINTED GWB TYPEX ———___ | ol Tt
AT METALSTUS @ 16 0.C. ———_ | ]
P

o
DRY JOINT COMPOSITE ———\\1
METAL PANEL

ALIGN SHEATHING W/ SLAB
/ EDGE

)

S.5. VENEER TIE ﬁ\ N / FULL FACE BRICK (SLOPE 1/8")
FACE MASONRY 4" x 12" \ 1 1
10TH FLOOR _ .
122" - 0" T ;
g ~ - . fa.
z [=] 0
2la ]
[’} |
|8 e
©|8
= -
;_ w
hj
lﬁ ! - __
INTERIOR SEALANT €&
| BACKER ROD
5.5, VENEER TIE
AIR & VAPOR BARRIER ON FIRE HLA, PARNTED BREAK NETAL TO
RESISTANT EXTERIOR SHEATHING
EXTERIOR SEALANT &
BACKER ROD

6" x 6" STEEL SHELF ANGLE

Figure 7: Section Detail Of A Typical Exterior Wall
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>

EXISTING CONCRETE SLAB
PAINTED BREAK METAL TO
MATCH MULLION FINISH
MULLION CAP

SHIM BY CURTAIN WALL
INSTALLER
EXTERIOR SEALANT &
BACKER ROD _\ )

2ND FLOOR B

38' - 6"

INTERIOR SEALANT &

BACKER ROD /
BREAK METAL
CLOSURE PLATE

FIRESAFING /

DRY JOINT COMPOSITE
METAL PANEL

AIR & VAPOR BARRIER

Figure 8: Section Detail Through The Curtain Wall

Notes
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l.  Weights of building materials shown in cross-section were assumed
using typical weights of materials.

ll.  The north, south and west facades consist of windows as well as
masonry, but the greatest wall load will occur through a fully face
masonry section.

Load Path

Load is typically carried by the composite deck. The deck transfers load to
the steel wide flange members and concrete beams, which then transfers
the load to the steel/concrete columns. The load is ultimately transferred
to the foundation

440 FIRST STREET, NW 16| Page
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LATERAL LOADS

Wind Loads

This section includes wind load calculations for 440 First Street in the two
orthogonal directions, according to ASCE 7-05: Chapter 6.5; Method 2.

Microsoft Excel was used in programming equations for optimum
efficiency.

Notes

I.  Cpvalues were calculated through interpolation of values in Figure
6.6 of the ASCE 7-05: Chapter 6.5
ll.  The velocity pressure exposure coefficients for the building at the
different heights are shown in Table 1 below
0 Kzvalues are obtained through interpolation of values in
Table 6-3 of ASCE 7-05: Chapter 6, using Exposure B — Case 2.

TABLE 1: Velocity Pressure Exposure Coefficients

Height (ft) Kz gz or gh

15 0.57 10.05
25.33 0.66 11.63
35.67 0.73 12.87

46 0.79 13.92
56.33 0.84 14.81
66.67 0.88 15.51

77 0.92 16.22
87.75 0.95 16.74
98.5 0.99 17.45
109.25 1.01 17.8
118.5 1.04 18.33
127.25 1.06 18.68
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TABLE 2: Wind Pressures in the North-South Direction

Wind Pressure Chart (N-S)

Location z gz or Cp Gf | Gepi | qiGCpi Net Pressure (PSF)
ah qzGfCp- qzGfCp-qi(-Gcepi)
qi(+Gcpi)
Windward 15 10.05 0.8 0.85 0.18 1.809 5.03 8.64
25.33 11.63 0.8 0.85 0.18 2.0934 5.82 10.00
35.67 12.87 0.8 0.85 0.18 2.3166 6.44 11.07
46 13.92 0.8 0.85 0.18 2.5056 6.96 11.97
56.33 14.81 0.8 0.85 0.18 2.6658 7.41 12.74
66.67 15.51 0.8 0.85 0.18 2.7918 7.76 13.34
77 16.22 0.8 0.85 0.18 29196 8.11 13.95
87.75 16.74 0.8 0.85 0.18 3.0132 8.37 14.40
98.5 17.45 0.8 0.85 0.18 3.141 8.73 15.01
109.25 17.8 0.8 0.85 0.18 3.204 8.90 15.31
118.5 18.33 0.8 0.85 0.18 3.2994 9.17 15.76
Leeward All 18.68 @ -0.325  0.85 0.18 3.3624 -8.52 -1.80
Side All 18.68 -0.7 0.85 0.18 3.3624 -14.48 -7.75
Roof (0 to 59.25) 118.5 18.68 -098 | 0.85 0.18 3.3624 -18.92 -12.20
Roof (59.25 to 118.5) 118.5 18.68 -0.8 0.85 0.18 3.3624 -16.06 -9.34
Roof (118.5 to 160.25) 118.5 18.68 -0.6 0.85 0.18 3.3624 -12.89 -6.16
Low Parapet WW 110.5 17.98 15 26.97 26.97
Low Parapet LW 110.5 17.98 -1.0  -17.98 -17.98
High Parapet WW 127.25 @ 18.68 1.5 28.02 28.02
High Parapet LW 127.25 @ 18.68 -1.0 -18.68 -18.68
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Base shear calculations

The base shear was calculated for the two orthogonal directions and
determined by multiplying the story height by the net wind pressure at
that level and by the width of the building perpendicular to the direction
of the wind.

The total base shear in both orthogonal directions are shown in Table 3.

width (N-S) - 87’ width (E-W) - 160.25

TABLE 3: Base Shear Calculations

Story Height (ft) Story Trib. Height x Net Pressure x Trib.
Width
Wind (N-S) Wind (E-W)
15 22.39 41.25
25.33 16.64 30.66
35.67 17.61 32.45
46 18.42 33.94
56.33 19.11 35.19
66.67 19.65 36.19
77 20.19 37.20
87.75 20.60 37.94
98.5 21.15 38.95
109.25 21.42 39.45
127.25 21.82 40.19
Base Shear 219.00 403.40
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TABLE 4: Wind Pressures in the East-West Direction

Wind Pressure Chart (E-W)

Location z gz or gh Cp Gf | Gepi  giGCpi Net Pressure (PSF)
qzGfCp-qi(+Gcpi) qzGfCp-qi(-Gcepi)

Windward 15 10.05 0.8 085 0.18 1.81 5.03 8.64
25.33 11.63 0.8 085 0.18 2.09 5.82 10.00

35.67 12.87 0.8 085 0.18 2.32 6.44 11.07

46 13.92 0.8 085 0.18 251 6.96 11.97

56.33 14.81 0.8 085 0.18 2.67 7.41 12.74

66.67 15.51 0.8 085 0.18 2.79 7.76 13.34

77 16.22 0.8 085 0.18 2.92 8.11 13.95

87.75 16.74 0.8 085 0.18 3.01 8.37 14.40

98.5 17.45 0.8 085 0.18 3.14 8.73 15.01

109.25 17.8 0.8 085 0.18 3.20 8.90 15.31

118.5 18.33 0.8 085 0.18 3.30 9.17 15.76

Leeward All 18.68 -0.5 085 0.8 3.36 -11.30 -4.58
Side All 18.68 -0.7 085 0.18 3.36 -14.48 -7.75
Roof (0 to 59.25) 118.5 18.68 -1.04 0.85 0.18 3.36 -19.88 -13.15
Roof (59.25 to 87) 118.5 18.68 -0.7 085 0.18 3.36 -14.48 -7.75
Low Parapet WW 110.5 17.98 15 26.97 26.97
Low Parapet LW 110.5 17.98 -1.0  -17.98 -17.98
High Parapet WW 127.25 18.68 1.5 28.02 28.02
High Parapet LW 127.25 18.68 -1.0 -18.68 -18.68
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LATERAL LOAD

Seismic Loads

This sections outlines the seismic load calculations, in accordance to ASCE
7-05: Chapter 11 and 12.
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MEMBER SPOT CHECKS FOR GRAVITY LOADS

The members were analyzed for gravity loads in a typical floor bay shown
in Figure 9. These evaluated members include; the infill beams, interior and
exterior girders and, the interior and exterior column. After the analysis, it
was determined that the composite framing system was adequate to
carry the loads. Figure 10 shows an enlarged typical bay.

The structural slab was a 3 %2” lightweight concrete on 2” x 18 gage metal,
which is a total thickness of 5 ¥4~
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Figure 9: Typical Floor Bay
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Figure 10: Enlarged Typical Floor Bay
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OVERVIEW OF ALTERNATIVE SYSTEMS

Three alternative systems were designed for the same typical bay
analyzed for the existing framing system and a comparison between the
three various systems was made. The three alternative systems include;

I.  Reinforced two-way flat-slab with edge beam
ll.  Structural steel framing w/ composite joists
. Non-composite wide flange steel frame on composite deck

These systems were selected on a structural efficiency and cost-saving

basis. The following sections will highlight the advantages and
disadvantages of each alternative system in greater detail.
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ALTERNATIVE SYSTEM #1: REINFORCED TWO-WAY FLAT SLAB W/ EDGE BEAM

The reinforced two-way flat slab was designed for a typical 20°-0” x 21°-3”
bay. 12” x 16” edge beams were incorporated into the design to reduce
the moments at the exterior columns, thus distributing the reinforcement
between the slab and the beams, which save cost. This, however, can be
counter-productive when the cost of constructing an edge beam in to
the two-way slab is taken into account. The typical column size used in
the design is a 24” x 24” square column.

All calculations were performed using the Direct Design Method, taken
into account the on-way shear and the two-way punching shear and
followed the Building Code Requirements for Structural Concrete (ACI
318-11).

Advantages
0 Reduced slab thickness thus reducing overall floor to floor
height
0 Inexpensive system
0 Relatively easy to construct
o]
Disadvantages
o0 Increased overall weight
0 Increased labor costs due to use of formwork and placement
and handling of concrete
0 Lateral system has to be re-evaluated
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ALTERNATIVE SYSTEM #2: STRUCTURAL STEEL FRAME W/ COMPOSITE JOISTS

The structural steel frame was system was designed for a modified 20’-0” x
20’-0” bay, due to considerations for use of the SJI Standard for
Composite Joists. The composite joists were incorporated with the use of
non-composite beam/girders on the column lines with the goal of adding
extra stiffness to the structure. The composite joists were designed using a
structural slab of 2 %2 lightweight concrete over a 2” x 18 gage metal
deck

Although CJ-series joists were specified in this design, it will be more
economical to use ECOSPAN composite joists. This creates a simple,
lightweight, flexible and easily constructible framing system, which also
saves Costs.

Advantages
o Lightweight system which potentially translates to reduced
foundation costs
Non-combustible steel makes it good for fire protection
Reductions in overall floor to floor height
Easily constructible
Efficient erection
Inexpensive system

O O0OO0OO0Oo

Disadvantages
0 Not a typical system used for construction
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ALTERNATIVE SYSTEM #3: NON-COMPOSITE WIDE FLANGE STEEL FRAME ON
COMPOSITE DECK

The final alternative system was the design of a non-composite steel
frame consisting of wide-flange members, which was evaluated for a
20°-0” x 21°-3” typical bay. The original structural slab + deck of 3 ¥4~
lightweight concrete over 2” x 18 gage metal deck (total structural slab
depth =5 v,”).

NOTE: The non-composite system was designed without considering the
mechanical duct, which had to be passed through some members. This
resulted in deeper and heavier wide flange shapes, thus increasing the

weight of the system.

Advantages
o Lightweight system
o Works well with various lateral systems

Disadvantages

o Large overall depth
0 Requires additional fire protection
0 Expensive to construct
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SYSTEM COMPARISONS

Existing , Structural Steel | Non-Composite
o ; Reinforced Two-
Criteria Composite Frame W/ Structural Steel
) Way Flat Slab ) :
Steel Framing Composite Joists Frame
Weight (PSF) 57.8 87.5 43.2 53.1
Cost/SF 24.5 13.58 15.8 21.9
Depth (in) 23.25 16 18.5 23.25
Constructability Medium Medium Easy Medium
Fire Protection NO NO NO NO
Fire Rating 2 HR 2 HR 2 HR 2 HR
Future
Considerations
Lateral System N/A VES VES VES
Impact
Additional
Study Rqd? N/A YES YES NO
Possible N/A YES YES NO
Alternative
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20297 — 200 SHEETS — 5 BOUARES

0385 — 50 SBHEETS — 5 BOUARES
3023 — 100 SHEETS — £ SCHIARES
A0%47 — 200 SHEETS — FILLER

COMET

# Re MEARS ASSEWMELIET <081 DAT,
ﬁfﬂfﬁ ;;iﬂ;fz f[%q EA 1;_&_4 A1
W Shape , (ompasife Peck aud b 20K 20 oy

TL= ATIPSF Cost = 3 R4-5/sqpt

AEINEORL ED A-wA4 FLAT SLAR

Castin-Plaes Flat $6b, 20X2¢0Bay Shb#: Ti
Coct = N13 Eﬁfﬁﬁ__,f{r

STRULTWEAL STEFL FRAAMUE W/ AwPos1E JOIATS

5+££| Jﬁ'lch ! B Lfiva s {1“-5‘( w,& ¢ Copluwsi
200 Bay |, TL = 41% PSF

stz §15.6/39 4

NOM- camposSiTE STRuCTURAL PIEEL FRAME
W Shape , Coutposite Decl 20820 Bag , TL=126Psk
tosf e ﬂmﬁﬂ/‘s-;ﬂu_

440 FIRST STREET, NW 771 Page




	Tech report 1 _1
	Tech report III_0

