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Executive Summary

The building at 8621 Georgia Avenue is proposed to be built exiating 0.69 acre parking lot
located in the downtown bimess district of Silver Sprindvaryland. Thel7 story, 347,00&?
project will create more downtown mufamily housing and parking for the booming region.
Construction on the project begartla beginning of 2015 and is anticipated to tak@20
months.

The originally designed structure of the building begins with a dual system of mat foundation
and spread footings. The gravity system on the first four floors of the building, which will be
utilized as a parking garage, consists of two way concrete with the use of drop panels. The 12
remaining floors above are péshsioned concrete slabs. The lateral system of the building
consists of 14 shear walls. A structural overview of the existingretsnsystem is presented in
greater detail within the first portion of the report. The remainder of the report with focus on the
steel redesign of the building.

The primary structural redesign of the building was accomplished by implementing a composite
beamgirder system for the apartment levels atop the existing concrete parking garage. The
stringent height restriction in the area controlled a lot of the design decisions. Bay sizes were
limited tobe cooperate with the architecture of the apartmentpankihg garage as well as to
minimize beam depth. To accommodate a tight height restriction, a level of parking garage was
moved below grade which lent itself to a redesign of the foundation system.

The lateral displacements on the building were ampldige to the decreased building mass.

The lateral system was redesign to accommodate the new building stiffness and deflections. The
existing concrete shear wall system was adjusted to fit in with the steel redesign and multiple
moment frames were addedremluce displacements as well as building torsion.

Two breadth topics were investigated as results from the steel redesign. One breadth is related to
the parking garage ventilation while the other is a construction cost analysis. Previously, the
parking grage levels were designed as open air structures, but with a level being below grade, a
ventilation system needed to be designed. Finally, an extensive cost analysis was performed on
the building to determine the feasibility of the redesign.

After investgations were completed, it was found that the steel redesign is feasible and relatively
cost effective, but it may not be the most efficient system. Due to the minimized bay sizes and
beam size requirements to minimize vibratiahg steel members aretras optimized as they

could be. The steel system also would increase project schedule and potentially cause problems
on what appears to be a very condensed sight in an urban setting. Therefore, the steel redesign
option could be a feasible option for altding owner but not the system that | would personally
recommend.
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General Building Description

The building at 8621 Georgia Aveniseowned by FP Wilco, LLC. in the downtown lmngsss

district of Silver SpringMaryland. The new 17 story, 347M@? building will provide 4 floors

of parking and 13 floors of apartments to the residents and workers in the area. The total height
of the building will be 161 ftThe building is designed to reach to the exact allowable height
mandated by the zoningight ordinanceAs
of the 50% permit drawingshe project is
anticipated to cost $52 million dollars.

Great efforts were made in the design proct
to earn a LEED Silver rating for theiitding.
The location of 8621 Georgia Avenue
permits sustainableansportation features
such as beingithin a half block of the
nearest metro stop and includes parking
amenities for bicyclists. Water drainage
issues were also strongly considered for thig
urban,impervious site downtown. The greer
roof helps reduce thearbon footprint of the
building while simultaneousligelping to
managea significant portion of the water
run-off.

The first floor has a dual function as the
space serves both the private residents of tE
building as well as the public. The program
onthe first floor includes a Cyber Café, Fitness room, apartment |@inigparking spaces
(including bicycle and ADA parking). All of these areas, except the parking garage, are double
height ceilings and are accessible from the street.

icture 1. Rendered image from Southwest. Image cc
Blbert Apple Associates.

The parking garageortion of the structure continues up from the ground to théodr and

includes a total of 197 spaces. These first four floors are the only portion of the building that

maintains itérectangular footprint. Starting at th& fioor, above the parkingarage, the form

of the building takesona-dhape with a green roof with box p

Floors 5through 16 areccupied with 292 mukfamily apartments of varying sizes with
accessible balconies. The upper residential flacesserviced by two stair towers and three
elevators. The typical floor plan for the apartments is repeated until the penthouses 8h the 16
floor. The rooftop of the building is adorned with a pool, bathhouse, club, and rooftop garden
terrace.

The fagadef the building is comprised of precast concrete panels, a glass curtain wall system,

and a masonry veneer. The precast concrete panels only occur at the levels of the parking
garages. The apartment levels feature a prefinished aluminum panel curtaystesti as well

as a masonry veneer on the west elevation. The details of how these facade elements are tied into
the structure will be discussed later in this report.

8621GeorgiaAvenue
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Structural Overview oEXxistingDesign

Brief Structural Description

Similarto the surounding structures, 8621 Georgia Avenue is made of primarily concrete. The
foundation of the structure is supported by concrete columns and piers along with spread
footings, strip footings, and foundation walls. The shear wallscardocated by the statowers
and elevator towenshich span the entire height of the building ardresponsible for resisting
the majority of the lateral loads. Thest four floors utilize mildreinforced flat plate concrete
slabs for the floors of the parking garageur inch drop panels are used througheand
additionalbeamsareonly used in situations where they were absolutely necessary to meet the
design parameters. Théh3loor and above utilizes pestnsioned flat plate concrete slabs. This
design choice to @esposttensioning was made to maximize floor to floor heights amidst the

stringent zonindpeight ordinance

A brief summary of the structural materials used in the project are given below.

Use

Use Strength(psi) Weight(pcf)
Footings 3000 145
Foundation Walls 4000 145
Shear Walls 5000 145
Columns 500067000 145
Interior SOG 3500 145
Exterior SOG 4500 145
Reinforced Slabs / Beams 5000 145
Parking Structure 5000 145

Grade

Deformed Reinforcing bars ASTM A615, Grade 60
Weldable deformed reinforcing bar ASTM A706
WWF ASTM A185

7-wire Low Relaxation Prestressin

ASTM A416, Grade 270

Full Mechanical Connection

DYWIGAG, Lenton
Or equivalent meeting ACI 3182.14.3

Figure 1: Concrete and reinforcements materials and specifications.

8621GeorgiaAvenue
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Use Grade
Wide Flange ASTM A992
Structural Shapes and Plates ASTM A36
Structural Pipe ASTM A53, Grade B, Fy 35ksi
HSS A500, Grade B, Fy 46ksi
Cold-Formed Steel ASTM A653 (G60 Galv.)
<43 mils Fy=33 ksi
>54 mils Fy=50 ksi
.~ Fasteners |
Use Grade
High Strength Bolts ASTM A325
Anchor Rods ASTM F1554, Grade 36
Threaded Rods ASTM A36
Shear Studs ASTM A108

Figur& Fasteners and Steskrials and specifications.
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Foundation System

A geotechnical study was done on the site by Schnabel Engineering Consultants, Inc. who was
able to provide useful recommendatioosthe foundation to the design team and structural
engineerSpread footingand column footings were advocated as good choices for the
foundation system. The column footingene recommended to blesigredwith an 8,000psf

soil bearing capacityhile the wall footings were suggested to be 6,000 psf.

The proximity of the water table to the depth of the foundation was a principal concern in their
geotechnical evaluation. The groundwater table will only be approximately 5ft. below the lowest
level (electical cellar)in some locations on the sifEhis observation of the site called for sub
drainage materials adjacent to the foundation walls which will be bearing soil pressure.

Typical Foundation details are shown below:
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Figure3: Typical Slab Detail. From S2.01 Figuret Typical Foundation Wall Detail. From S2
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Only a small portion ofhe building$total footprint,

approximately 4,85&2, goes below grade. Thisareais ¢ . ¢ . ¢ ¢ 9 7 ¢
strictly for service use with electrical rooms, storage, cf ] : b e
mechanical rooms. This level utilizes foundation walls __: [] [D \ e
resist the laterdbrce of the soil pressures. .
i S
! L] L
The geotechnical report on the soil composition of the | - ‘H T
site estimated thequivalent fluid pressuren these o [ [
foundation walls to be 50 psf. L |
- O :
The foundation system also utilizésee mat s Lgl
foundations beneath the three staivers. Two of the ~ — |
mat foundations are on ground level, while the third is-— - =t }o
beneath the electrical cellar. Their thicknesses vary fri-— | ﬁ - f; >
3 to 4 feet. i —— e
s e
i -
The loading for the typical foundation wall is shown L[} b ——do o b = o
below. The loading shown is assuming that there is a == o

sucharge applied above.

Figures: Cellar level floor plan

A

A
/

A

A

/77777

Figures: Foundation wall loading due to surcharge and soil |
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Gravity System

As previously mentioned, 8621 Georgia Avenue is a concrete structure utilizing flat plate slabs
throughout the building for the floor system. Drop panels are usgawoithe parking levels but

are avoided on the apartment floors to maintain a spacious floor to floor height. The slab on
grade is 80 thick mildly reinforced concrete
system above the sigyade cellar, drop in the slabsirequired.

o~ » O~ .
'R I R o
;E /_@ e //r i / /—(D P
| C I / / : }
@/ﬁ >~ o oo ] :

1) STRUCTURAL SL48 — SEE PLAN FOR REWF, 1) STRUCTURAL SIAB - SEE PLAN FOR REINF.
2] CONCRETE BEAM 181 — SFE SCHEDULE. 2) EDGE OF BEAM BEYOMD — CONTNUE REINFORCING THRU
3 EXTEND REWF. FOR LOWER SLAB INTO BEAM. DROP — SEE ST

3 Saor sebe. st P
#7\FIRST FLOOR SECTION ~FIRST FLOOR SECTIOM
(1 . 2)

L =0

Figurer: Slab on Grade above Cellar FigureB: Typical Slab on Grade

Parking Garage

In the first 4 floors, as well as the first apartment level on thigo®r, the structure will feature
an 80 dreifqicedeasin-glace twoeway flat plate concrete slab system. Thep

panels at each interior column wil/ be 806 x 8
wi || be 46 x 46 x 40.
0 \X 0 O 0 0 [..‘J' O 0
) . . . . .
F-. . - . @\@; ]
'1\.1;#? M
- PER_PLAN
1) TYPICAL SLAB BOTTOM MAT,
Z) TOP STEEL (WHERE REQUIRED - SEE PLAN).
3) BOTTOM ADD STEEL PER FLAN
/\TYPICAL CONTINUOUS DROP DETAIL
\1_1/' EEES
Figuré: Typical Drop Panel
Apartments
Abovethe8f | oor and for the remaining fleors, the

tensionectastin-place tweway flat plate concrete slab system. The use of drop panels and
beams was minimizelout isneeded in some locations to control léegm slab deflections for
longer spans. The petgnsioning system will be discussed in greater detait Iatthis report.

8621GeorgiaAvenue
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Typical Bay

A typical bay size for the project varies withlumn®spacesanging from approximately 16 ft.

to 24 ft. in each direction. These bay sizes are consistent throughout the whole building despite
the functional transition &ém parking to residential. The larger bays are located where the drive
lane of the parking garage is. Because the same column locations are continued up the entire
building height, there was not the need for sloped columns or large transfer girderslyThe on
situations where transfer girders were needed were at the second floor due to the transition from
retail/lobby space to the parking structure and also adjacent to the pool at the top of the building.
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i 5G] 1| izt 8

FigurelQ Typical Bays Analyzed in Technical Rej
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Columns

In order to accommodate the accumulated load in the lower floors, the concrete columns change
in size and strength throughout the height of the building. Three different strengths of concrete
are used in the columns throughout the project. The contretgth increases in the lower

floors to handle the higher axial compression loads without having to make the columns huge.
This structural design decision will reap benefits by saving space in the apartment and parking
garage floors.

Location Strength (psi)
Above 8th 5000

4th_gin 6000
Below 4th 7000

Figurell Concrete Columns Strengths

The column sizes general-Uy s$@emach idnce@as ens
floor. Although the column sizes and strengths change, the reinforcing in the cosunmifeim
throughout the entire height of the building.

8621GeorgiaAvenue
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Post Tensioning

Floors 5 through 16, which house the médinily apartments, utilizes pegnsioning in the
floor slabs. Both banded tendons and uniformly distributecbtendre used in addition to other
mild steel reinforcing. The banded tendons typically run in the planesstdirection while the
uniformly distributed tendons span across the plan fsmtith direction.

The banded tendons varystrength from 216 ips to 513 kips while the distributed tendons
have a linear strength varying from 18 k/ft to 22 k/ft. The figure below shows the locations of
these postensioned cables on the typical apartment framing plan.

b,
k
@

] ] : .
- beo- 7]
S .
__Lq%. —— {u}

—— =Banded Tendons

—— =Uniformly Distributed Tendons

‘et

[
'

Figurel2 Post Tensiog Arrangement
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The posttensioned strands do rgpan straight across the building in the center of the slab, but

oscillate between the top and bottom of slab depending on its position relative to columns or any
openings. The detail below shows the typical band orientation when being placed within a sla

: & SUPRORT & SUPPORT
CANTILEVER L L1 L L2 L
| 1/2 U 1/2 11 | 1/2 12 1/2 L7 |
& ] ]
L L / =
. — T R pA—

A
[ [

1) SEE PLANS AND SCHEDULES FOR DIMENSIONS LOCATING PROFILE OF TEMDONWS

REFEREMCED FROM THE SLAB SOFFIT.

2) IF CANTILEVER LENGTH IS LESS THAN 3'-0°, LOCATE TENDOM AT T/Z AT FIRST

SUPPORT.  OTHERWISE, FOLLOW NOTE 1.

FT TEMDOMS., PROVIDE ADEQUATE SUPPORT TO MAINTAIN DESIGHM PROFILE.

§ DEAD END OR STRESSING END.

TYFICAL PROFILE LOCATION OF SLAB TEMDONS, UKO
SHEAR CAP (WHERE OCCURS) - SEE PLANS,

| .I“‘-l\_/@} | \|® R\(D @/f -

O3 LN e L
)

@F’OST—TENSIONED SLAB PROFILE

N.T.S

Figurel3 Typical Pe3$ensioning Slab layout
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Roof System

The roof area of 8621 Georgia Avenue is highl
around the pool will consist of a mileéinforced casin-place concrete slab and beam system.

The pool will basically b a large concrete box filled with the appropriate waterproofing

materials. An isometric view of the ®@oor pool level with a club, locker room, roof terrace,

and other apartment suites is shown below.

C POOL ISOMETRIC

Figurel4 16h Floor Isometric View

The roof construction is theame postensioned concrete twway slab that is present in the
floors below. A 16 | ayer of concrettrratcecoppi ng
finish.

\54.22/ ; 8" CONCRETE 7T
M WALL/ PARAPET
: o TERRACE FINISHES POSTTENSICNED A |
% : TWO-WAY CONC. SLAB ~ SEE [ANDSCAPE X e \-- j“ i
- SEE PLAN -
) | | \ i | i | _1616TH FLOORO_

-0"

]
|
| |
L Ei D N ( SN DTl

—| | ) ! !
| | b 7 14—
| TIP. 4" DROP PANELS | _— BEYUNDJQ/ PT SUAB. | !

! . !

| (TvP.) L ‘

Figurel5 16" Floor Section
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ab

i $abscmdpvalle aes e d

built up upon it to house the pool. A section through this condition of théldd slab is shown

GLASS RAILING L) J.3) /D
DESIGNED BY O v &[
OTHERS [ [
T I % PODL FINISHES ~ | e
T ,#,L ,,,,,,, I‘. - SEE ARCH CONCRETE TOPPING 2 |
i i | ON FORM DECK 2 8" CONC i SHEAR WALL
J - | Y A wal | [
POOLDECK o I SR N VR A T i
2590 . T ST | |
= | ! - T W=7 e e s
16 16TH,FLOOR " | | j_l T | ii |
Ryt - —-—- -7 — —-—-—-—r—r t P~ — - —
TS
TISLAB o | | L1 T
o / SRS SRR S P T T e B ]
B WALL (TYP ] R S | 1 == | SERETE T !
AT EDGE OF | ! / J\L = DK’L ; ! ! |
Pool) | | | [z s areaol ||| N conerare e
i : I ! CONTINUOUS DROF Lo AREA (NILD WL AT SLAB STEP
L,, A1 . ,,J | ALONG LINE K | REWFORCED) |
CONTINUOUS —] 1 “ :? ! [ i
P . .
OROP ALONG | > & | EOLUMN BEYOND 5 kone. waL a1 !
LINE L | , (TP N U .
| | P:FilMETEIC OF POOL |
POST-TENSIONED SLAB
i i / AT 15TH FLOOR i i
15 15TH|FLOOR
‘eﬁ_@ﬂk’*’* ’’’’’’’ | e S T PP R P b Lo N VR - S A SN TP N | -
[ [ [ [
i i i Ll
1y ) | i
1 1 1 1
I I I I

Figurel8 16h Floor Section through Pool
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Bio-RetentionArea

On the fifth floor the footprint of the building plamangsand steps back into@Ué s hape fr o
a rectangul ar form. The -retetiontaea anddutddorherracesé U6 i s

accessible to the apartment occupants.

To deal with the massive 600 PSF superimposed dead load of ife¢ebioon area and

surroundingplatr s, t he concrete slab is increased to
The drop panels on the interior coluntoa continuous through the 3 columns directly

supporting the bigeteniion area. In these locations, the total slab thicknaéé® e 20 inches.

B" THICK CONC., F

WAL AT

BICRETENTION | SEE ARCH. FOR
' WATERPROOFING
'

©

— B" CMU FATIO i
| owce) |

] | S anﬁw. & LINDSCAPE FOR
3 WATERPROOFING & FINSH REQ'TS
pois | ,
e -

bl

( S -
\19' STRUCTURA !
CONCRETE SLAB t SEE P

8" THICK CONC.
| MAT INSIDE PLANTER
:

IR

@SECT\ON THRU BIORETENSION AREA

Figurel7. BioRetention Cross Section

To accommodatethebbet ent i on area and planters, smal/l
pressure from the potentially saturated beds of soils and foliage.

1) #5812° 0.0 VEAT,
:1 4612 "0.C. HORIZ

L - WP 20"
CHAMFER EXPOSED CORNERS (127
ROUGHEN SURFACE.
5
s} NOT USED.

#4812° OC_ TOP AND BOT. EACH WAY,

BENTONITE WATERSTOP,

7=

|

|

|

| 7]
| 8} SEE ARCH. FOR WATERPROOFING,
I PROTECTION BOARD, ETC.

B

(O

\ G) SEE LANDSCAPE AND CPVML FOR
I/_® FLANTER DETAILS

"ﬁ 10} STRUCTURAL SLAE - SEE PLAN

)\J

@H

BB MAX, @

U

|

L

|

|

[

%

| -

|

e |

|

|

|
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|

1172

cul |8t | OB
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Figurel8 Bioretention wall FigurelQ Bioretention Isometric
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Lateral System

The Lateral Force Resisting SysteniF®S) of 8621 Georgia Avenue consists of 14 regular
concrete shear walls that are 120 thick. Thes
elevator towers within the building. A few concrete moment frames exist in various bays but the
majority of LFRS elements are the aforementioned shear walls.

The reinforcing in each wall <calls for #506s a
fairly typical rebar arrangement for shear walls and is kept uniform across each shear wall
regardless ofieight or location. The figure below shows the locations of the sVedbsr

)
bl L";L S
N
[
I_-; e
——— ©
AT T2
= —
e
5k )
|_ “:'r
O]
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= .T "
'|_ I'LE i
| . =
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Load Paths e

Gravity

The gravity lads from the building artaosecaused by the
combination loading of the deaahd live loads. These loads will
be resisted by the concrete floor slabs at each level. The slabs
distribute the load to the nearest columns (or shear walls) byw | |©
it s6 bay Thescolumasuil thenlzarry the load directly _ | |
down the buildng and into the foundationand eventuallynto
undisturbed, virgin sail

The figure to the right gives axample of the load path &
section of the building due to gravity loads.

Figur&l Gravity Load Path
Lateral

The controlling lateral load on 8621 Georéizenue is wind. This wind force will exert itself on
the facade of the building as a positive or negative pressure distribution. Thevdtade
distribute the force from the wind pressure to the floor slabs via the connection by which the
facade is attdwed to the structure. This creates a horizontal force at each floor level.

This force is distributed amongst the columns and shear walls on that floor by the diaphragmatic
action of the concrete slab. Because the diaphragm is comprised of concretmsaugiently

can be considered a rigid diaphragm, the loads will distribute to the LFRS elements based on
stiffness. The shear walls are inherently stiffer than the columns when oriented parallel to the
horizontal force. Because there are multiple shedswakach direction, theyill bethe

primary means to resisting the lateral load as opposed to the concrete columns.

Once the lateral load has been transferred from the shell, into the diaphragm, and then into the

LFRS elements, these elements cariy llorizontal load down through the building and into the
foundation.
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Design Codes and Standards

Below is given a list of all applied codes and reference standards firdabtiraldesign of the
8621 Georgia Avenue project:
1 International Code @uncil
o International Building Code, 2012
o International Mechanical Code, 2012
1 American Society of Civil Engineers
o0 ASCE #10: Minimum Design Loads for Buildings and Other Structures
1 American Concrete Institute
o ACI 31811:Building Code Requirements forr8ttural Concrete
o ACI Manual of Concrete PractigeParts 1 through 5
ASHRAE Handbook
Concrete Reinforcing Steel Institute
o Manual of Standard Practice
1 Post Tensioning Institute
o Post Tensioning Manual"@&dition
1 American Institute of Steel Construction
o Steel Construction Manual, #4dition, 2010
0 AISC 36010: Specification for Structural Steel Buildings
o Design Guide 14Floor Vibrations Due to Human Activity
Structural Welding Codeé Steel ANSI/AWS D1.110
North American Specification for the Design@bld-Formed Steel Structural Members
(S10607/SH10)
Metal Bar Grating Manudl 6" Edition (ANSI/NAAMM MBG 531-09)
RS Means Construction Cost Data 2015
0 RS Means Mechanical Cost Data 2015
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Proposal

Problem Statement

The building at 8621 Georgia Avenaensists of awo wayconcrete flat plate system, with a
lateral system comprised of 14 shear walls. Following previous analysis in the fall semester,
through a series of four technical reports, the structure was proven to be acceptable for both
strengthand serviceability requirements.

A hypothetical scenario is to be explored where the structure of the building is to be redesigned
using a composite beam steel system. The redesign must consider the strict height restriction for
the area and will undoutdly need to eliminate a floor level. One level of the parking garage

will be moved below grade to allow the same number of apartment levels as originally designed.
Switching from steel to concrete should reduce the overall building weight which prompts a
foundation design to see if more economical designs éxtailed cost assessment of the two
design options will be required to determine the feasibility of each system. An additional
mechanical system would also need to be desitpratie floorof the buildingto be moved

below grade.

Problem Solution

The proposed solution for the design problem is a steel framing system for the apartment levels,
with the use of reinforced concrete shear walls for the lateral system. The current shear wall
configuration of the building will remain the same because they are needed for the stair/elevator
towers and have already been proven to function as an efficient lateral system. The parking
garage levels will remain in reinforced concrete while the rest of frerstuucture will be

redesigned in steel. RAM will be used to analyze the gravity system while ETABS will be used
to analyze the lateral system in concurrence with hand spot checks.

The decision to explore a steel system is based on several factopsini&ey reason to

investigate a steel system is for shear educational gain and to discover the advantages and
disadvantages of using steel versus concrete structural systems. Upon a site visit to the area,
other surrounding buildings of similar scale wbtdt in both steel and concrete. Therefore,
empirically, both systems seem feasible but a more quantitative approach will be used for a more
definitive comparison.

A steel system would decrease the building mass and effect of seismic loads on thg. baild
reducing the amount of formwork and concrete pours could also speed up the schedule of the
project. As discovered in Technical Report 3, a steel system would appear to be plausible only if
a level was eliminated. In order to compensate for thaf the addition of a su@rade parking

level will be explored to maintain the original square footage of rentable space.

The removal of one above level of parking garage will still be a challenge and require the total

structural depth to be limited to & thch depth. Composite beams will be used to reduce
structure depth, as opposed to {wmmposite beams. The majority of the connections will be

8621Georgia
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pins. Some moment framafong the building perimetare anticipated and will require moment
connections. Exaples of each connection type present in the redesign will be designed using
knowledge acquired in AE 534.

The bay size for the steel redesign will need to bexsenined. The current bays are square in
size and will most likely be combined with adjaceay®to form rectangular bays with a 2:1

ratio, which is geometry more indicative of a steel system. If this condition is not feasible while
maintaining the necessary structural depth, the existing bay arrandsrsmntted to maximize

the efficiency of tle steel

In order to facilitate this design solution, two breadth areas will be covered to create a more well
rounded design and conclusion for the building.

Breadth Topics

Mechanical Breadth: Parking Garage HVAC System

One of the scenarios being estigated involves placing a level of parking garage below grade.
The levels of parking garage above ground have half walls which categorize those floors as
being ventilated by open air and do not require ventilation. If a floor of the parking garage were
to be moved below grade, that floor would not be able to be naturally ventilated by open air. To
solve this problem an HVAC system for that floor will be designed.

Construction Management Breadth: Cost Comparison

Within the decision to redesign the burilg in steel, a level of the parking garage will be moved
below grade which will influence the cost of the project. A detailed cost analysis will be
performed to compare the cost of the steel and concrete structures as well as consider the
excavation cosassociated with the steel redesign. The cost of materials and labor will be
considered in addition to potential economic benefits from more or less area of rentable
apartment space.

MAE Requirements

Throughout the investigation process multiple areagaduate level coursework will be
implemented into the redesign of the building. Computer modelling is one area in which this
knowl edge wi || be i mpl emented. RAM wi | | be
while ETABS will be used to analyze thaeral system. These tasks will utilize skills attained in
AE530,Computer Modeling of Building Structuresdditionally, a few of the typical steel
connections in the redesign will be designed using methods learned in AEMaB&is and

Design of StegConnections

8621Georgia
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Structural Depth

Design Decisions

The proposed structural redesign of the building is to convert the structural system from a post
tensioned concrete slab system to a composite beam and girder system. This is to investigate the
feasibility of a steel system for 8621 Georgia Avenue. Before any initial designs of the gravity
system could be made, specific design constraints and goals needed to be considered:

Height Restrictioii minimize structural depth

Bay Size/Column Spacing

Bay/Column Igout that is conducive for both the parking garage and apartments.
Minimize architectural impact

Fireproofing of Deck/Slab

= =4 =4 -8 -9

These design constraints and goals were fundamental in driving the decision making in the
redesign of the structural system. In iéidd to the aforementioned considerations, any major
architectural changes will be avoided in order to make a more definitive comparison between the
original and redesign options. Any significant changes to the architecture would cskateea

cost comprison and mask the true advantages between the two options. Therefore, in order to
perform the most objective investigation of the feasibility of a steel systhenarchitecture of

the buildingwill be preserved

One of the most important factors taneaer in the redesign procasshe advantages of the two
materials and how they perform most efficiently. As previously discussed in the structural
overview of the existing system, the current design is tailored to a concrete system, specifically a
posttensioned arrangement. The proportion of the bay size, shear wall locations, and column
locations are all indicative of a concrete system.

As opposed to concrete, steel performs most efficiently in rectangular bays with adthyden
width ratioof p IO ¢. Steel systems are most constructible when the columns are on grid
and the bay sizes are relatively regular throughout the building pl#¢heNef these rules of
thumb arepresent and need to be addressed.

Due to the size of the parking spaeesl required throughway width for the parking garage, the

bays alternate between longer and shorter bays. In order to allow the bay width to be

modularized, the parking spaces have been converted from 90° to 30° angled spaces. The

minimum required throughawy wi dt h f or this parking arrangen
requirements and allows all of the bays in the X direction to be the same dimension.

In the Y direction, column and shear wall locations were shifted in order to standardize the bay

lengths inthat direction. This change in the column locations and grids was able to fit into the
existing building form, plus or minus a couple of feet.
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The code required dimensions of the parking spaces are listed below and given for 90°, 60°, 30°,
and 15° aentations.The newly oriented spaces in the four levels of parking garage meet the
requirements for the 60° and 30° spaces.

STANDARD SPACES |
- e g "'"’i:."""ﬂ"

|
|

Figure2 Parking Space Size Requirements

Below is the new parking garage layout implementing the diagonal parking scheme.

Throughways around t hcenteeranmpasr22 feetwida.r e 1806 whi |l e
::-1-;\:| |f 2\ :':'-3-'\': /4 |7\ -a-'\ B

SYTVTVTR S

LY

T,
NN

P
I~ S {E)

\

\F)
s G )
7,

S )
/

s

I\\\/ W
K )
parking spots = 51

W

f"7 7
AN

/)

T S

Figure3 Parking Space Layout
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The columns were also moved onto the newly created grid to form a typical bay of 18x24. This
creates a bay ratio of 1.338hichis in the acceptable range for a steel system to take advantage

of 1 tsd structur al Ategularbaysiteshats negeatedirmoughautther i st i
building will also increase the constructability of the structure.

Currently the existing height of the building is at the height restriction in plab®higomery
Count vy, WMIDOQree fcharhdbelistic of a steel system is that it typically has a greater
structural depth compared ¢toncrete In order to accommodate this additional building height,
one level of the parking garage will be moved beloadgr In addition to that, the implemented
steel system will be of composite design which will minimize beam/girder depth due to the
added strength of the concrete on metal deck.

After being design for strength and serviceability, the beams and girdeas¢swibe design for
vibrations. In a building with multiple shared occupants vibrations from others can be felt
through the floor if vibrations are not considered.

The utilization of the steel members will also be considered. Creating an efficiagr ttedihe
structure is very important and will have an impact on the cost analysis for the steel system. As a
guideline, a utilization of over 80% will be considered satisfactory for the amount of load that is
applied compared to itsd capacity.
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Composite Steel Beam Girder System

The bay sizes and column placements needed to be changed in order to allow for a design that
takes advantage of the ideal steel bay proportions. Bay sizes were modularized and columns

were relocatedontoh e col umn gri d. TheOoesOudlhedypcals bays
bay has one infill beam that spans the long direction.

The beam and girder sizes for the typical bay are a W12x22 and a W14x34. With these selected
sizes the span to depth ratmfshese members a4 and 16 respectively. These values are
within the industry recommended values of&bfor beams and 120 for girders.

The steel system will incorporate shear studs welded to the top of the beams in order to engage

the concrete alv@ and increase capacity of the beams. This decision enabled the use of beams

that are approximately 2 inches less than if acmmposite system was used. The fourth floor

has an additional structural depth allowance in order to support thetBittionarea of the

green roof. In order to meet the height restr
the typical | evel-reenticharddl 86 s under the Bio

The modular and repetitive nature of the bay layout will help the project be morerecaino

The economy is found is the repetition of beam shapes and connections and only needing a few
different sizes on site. The same members and arrangement from bay to bay and floor to floor
leads to more efficient fabrication and installation.

The final designs for these floors are given in the following pages. All material strengths and
properties of the designed membare given in the material information provided in the
structural description on page 8. All hand calculations and confirmatiohes® tlesigns can be
found in AppendixC.
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Plan of Floorb: Bio-Retention Area
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Plan of Floos 515: Typical Apartment
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Plan of Floor 16: Penthouse
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Steel Utilization

Initially the typicd bay was designed to have infill beams at the third points, resulting in a beam
spacing of 6 feet. This additional infill beam was originally included in an attempt to reduce the
moment on the girders such that a W14 could become a reality. As willdusshsl later in the
report, the sizes of the beams and girders were governed by the serviceability requirement of
vibration control. With the beams sized up to reduce vibrations, their utilization and interaction
values were merely around 0.40. This wasaroefficient use of the steel.

The design was then changed to its final form in having a single infill beam -&{piamid leaving

a 90 spacing of the beams. By i nhesrallewedtheng t he
two span unshored clear spandth to reach over 9 feet. Using a stronger deck allowed an
additional infill beam to be eliminated from each bay. This also increased the interaction of the
beams and girder so that the steel is used much more efficiently.

The interaction of the beamasd girders for the redesigned steel floors is given in the following
pages.
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Beams Orientation:

Generaly speaking, most steel systefunction with the beams spanning the long direction of

the bay and the girders spanning the short direction. Although this is the preferred method and
normally the more efficient, all alternatives need to be considered tiaripation of the beam
arrangement.

The previous design presented had the beams s
The alternative | ayout that will be considere
girders spamomhe B24&dudier¢ethhe girders are now s
only has a maximum unshoreg¢ch r s p a n -510i rhispan @andi®dnOad additional

infill beam needs to be added. Shoring the beams is an option but would be far more costly and

time consuming in the projects schedule.

The addition of another member for every bay already makes the option with the beams in the
short direction seem less ideal. Nonetheless, this arrangement was modelled and the design
compared. The two designslMae compared based on a cost standpoint of how many members
are requiredthe number of shear stu@dsd the tonnage of steel.
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Figure8Q Beams Oriented indhg tirection Figure81 Beams Oriented in the short directiol
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Beam Orientation

Steel Weighttong | Number of membery Number of studs

Long Direction 590.9 2,220 25,093

ShortDirection 627.3 2,577 28,387

Based on the results above, the arrangement with the beams in the long direction is more cost
effective.This orientation uses less steel and requires fewer number of members and studs.
These differences will yield a cost adtage in terms of material cost as well as assembly labor.
The above comparison does not even consider the added schaeubé iaming additional
membersTherefore, with those factors also considered, the final design presented already is the
most effigent way to orient the beams.

Another consideration is the number of connections and the time and cost associated with
fabricating them onsite. Connections account for approximately 10% of the overall steel
construction cost and can be easily reduceldying out the beams efficiently.

Full floor plans of the two beam orientations can be found in Appendix B.

Column Orientation

Based on the lateral system results attained in Technical Report 4, the displacements in the X
direction were known to be ntrolling over the displacements in the Y direction. Therefore, the
columns in the steel redesign were oriented with their strong axis in the X direction. This
increased the building stiffness in that direction. This decision also lent itself to addireptnom
frames as well, which work at resisting lateral forces in the X direction.
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ColumnDesign

The columns in 8621 Georgia Avenue transition from concrete to steel at the fourth level where
the occupancy of the space changes from parking garagmttments. The columns are

designed to be spliced at every tWloors and are connectdd the gravity system via shear
connections.

When designing the columns, W shapes of size 14, 12, and 10 were considered for possible

column shapes. The column dgss for each of these sizes was compared based on total steel

weight. All of thedesignecc ol umns i n the building are either
columns every two floors allowed the sizes to change throughout the building height which

avoided usig the larger W14 columnBy changing the column sizes over these height intervals
through the building, the selected column sizes were able to be designed in order to maximize

the utilization of the steel.

The color scale is show below and reveals titiatmajority of the columns have an interaction of
over 0.70. The blue columns designate columns where the interaction is below 0.4 and there is
left over capacity. All of these columns are located in the upper floors or around the perimeter
where the loaslare less.

Color Scale

< 0.40
0.40-0.50 ,
0.50-0.60 i | | |
0.60-0.70 =y
0.70-0.80
0.20-0.90
0.90-0.95
0.95-1.00
»1.00 |

S hioww W alues

Cloze

Figure32 3D View of Coluimteractions
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Floor Vibrations Analysis

With the member sizes for the gravity system being limited in size by the maximum desired
structural depth, the vibration accelerations of the floor system were of colfiteenmember
sizesare too shallow or not heaeynough, the inertia of the members and floor system will not
be sufficient to resist vibration accelerations.

Although vibrations is only a serviceability condition, annoying vibrations can impact the
occupants and their gty of life. The response due to walking and dynamic activity can vary
based on the magnitude, frequency, and location of the IB#dsts dueo vibrations from
elsewhere in the building can be very disruptive and take away from the privacgmdrment.

A detailed vibration analysis was performed using AISC Design GuidElddr Vibrations Due

to Human Activity. This was done to analyze the designs based on strength and deflections that
were attained by harehd through RAM Structural Systems. Tdesigns were refined and sizes
were adjusted in order to abide by Design Guide 11.

b |
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Figure83: Typical Bay Design

The mode properties and frequencies of the beams and girders were calculated. The equivalent
panel weights of the floor systenere determined usirthe given loading calculated in previous
sections of this report. These values were found such that the acceleration of the floor system can
be determined. The acceleration of the floor system is measured as a ratio to the acceleration of
gravity. Other vaiables were used based on human walking induced vibrations. The acceptable

vibration acceleration given in Design Guide 11 is 0.5%.
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™mb T8 Yb

8621GeorgiaAvenue




Final Report bAOl 5Fadlt T2
Advisor: Dr. Thomas Boothby

Foundation Redesign

As a direct result from the steel redesign of the apaitiaeels, the building mass will decrease.
Therefore, an investigation of the existing foundation systas performed to determinetie
size of the footings and mat foundations could be reduced. Alternatives of replacing the mat
foundations with sprea@otings will also be investigated.

The potential associated cost savings from reducing the foundations could poevento
important advantage in favor of the steel redesidgdisadvantage of this design decision will
come with a large cost in the afilohal excavation required to go 12 feet lower in the soil. Both
factors will be considered and accounted for in the final cost comparison.

The existing foundation plan is shown below. The outlines of the footings are highlighted on the
plan. The elenms of the foundation at the Cellar level are shown on a partial plan on the next
page.
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Figure4: Existing Foundation Design
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Figure85 Existing Foundation Design at Cellar LeS

With the reduced load on the foundations due to the smaller building weight, many of the footing
sizes can be reduced. In the original dedigere are multiple conditions where adjacent

columns share a footing. This is done because the two individual footings for the columns above
overlap or nearly touch at these conditioihen the footing sizes are reduced these dual

footings can be brokento individual footings.

The mat foundations were investigated as well to determine whether they can be reduced into
multiple elements. After designing the geometry of the spread and wall footings that would
replace the mat foundations, the result waamay of differently sized square and rectangular
sections will varying depthg&lthough more materials will be used, the existing mat foundations
were kept due to constructability and the associated ease of forming and pouring just one
foundation elemean

The typical continuous wall footings throughout the building footprint are 5 feet wide and 18
inches deep. The final design for the foundation plan is shown on the nextHpagde.

calculations, verifications, and spreadsheets associated with thetiooralsign can be found

in Appendix E
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The geometry of the designed footings is shown in the plans below (in feet), by shmaving t
planar dimensions in Figure 36 and the depths in Figure 37
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As predicted, the sizes of the foundations dramiftidacreased. The material savings from in
concrete and rebar is tabulated below, comparing the existing foundations to the redesigned
system supporting the steel superstructure.

Foundation System Comparison
Concrete (CY) Formwork(SFCA) Steel (tons)
Existing Foundations 1762.4 10599.5 69.48
Re-Designed Foundation 1105.0 7094.7 56.14

With the addition of another belegrade floor, the electric cellar level is now 12 feet deeper
than in the original design. At a lower depth the horizontal se#gure on the foundation walls
increases linearly per foot based on the equivalent fluid pressure of the soil. The existing
foundation walls needed to be analyzed for the new, greater horizontal forces.

The thickness of the original wall passed undemnthe loading. The reinforcing of the

foundation walls was adjusted to improve constructability. Originally, the walls employed three
different sizes of rebar between the inside face, outside face, and stirrups in the wall. The walls
reinforcing was redegn to only usét5 barswith the same spacing on each face. This does not
yield a large cost advantage but increases constructability of the wall in the field.

A diagram of the foundation wall design is shown below. Additional calonktan be found in
Appendix E

OF. ks o LF.

Rebar Sizes and Placement:

e 9 1:#5"s @6 oc.
2:#57s (@6 oc.

b 9 3:#57s (@ 127 oc.
1
0

S clear cover OF.
757 clear cover LF.
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Overturning and Foundation Impact

The overturning and foundation impacts due to wind and seismic loading were considered. The
table below shows the base shear and overturning moment applied due to each load case. The
controllingoverturning moments, in both direction, were caused by case 1 of the wind load
cases. The applied moments were compared to the resisting moment due to the building weight.
The safety factor between the resisting and applied moments was calculated.cGxads tiat

the safety factor is greater than 1.5 but standard industry practice uses a factor between 2 and 3.
The factors resulting from this analysis are both in excess of 56. Therefore, the building is more
than adequate to handle the overturning mdmms result is not surprising becaubke

building dimensions and base shear did not change much from the original design because wind

controls over the seismic lateral case.

Overturning Moments

Load Cases S| e o Sy
Wind Case 1 X Direction 779.74 - 52,242.58 -
Wind Case 1 Y Direction - 553.52 - ﬂ 53,137.92
Wind Case 4 X Direction (+M) 584.81 - 39,182.27 -
Wind Case 2 X Direction (M) 584.81 - 39,182.27 -
Wind Case 2 Y Direction (+M) - 415.14 -
Wind Case 2 Y Direction (M) - 415.14 - 39,853.44
Wind Case 3 584.81 415.14 39,182.27 39,853.44
Wind Case 4 (Additive +Moments) 438.99 311.63 29412.33 39,853.44
Wind Case 4 (Additivé Moments) 438.99 311.63 29,412.33 29,916.48
Wind Case 4 (+Mb6s i 438.99 311.63 29,412.33 29,916.48
Wind Case4M6s i n Oppos 438.99 311.63 29,412.33 29,916.48
Seismic X 441.42 - 29575.14 -
Seismic Y - 441.42 - 4237632
Resisting Moment:
X Direction: Y Direction:
M resisting= 44,142.34x 67 ft. = 2,957,536.78k M resisting= 44,142.34x 96 ft. = 4237,664.64
loovhy o g o T
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L ateral Analysis

The lateral analysis of 8621 Georgia Avenue will evaluate the effectiveness of the
building to resist lateral forces due to wind and seismic activity. This will be done utilizing
computer 3D modeling and hand ed#tions which can be found in Appendix G.

With the structural system changing from concrete to steel the weight of the building
decreased. This will directly affect the seismic forces on the building. Although, these forces are
proportional to the buildig weight and will decrease as well, the lateral system needs to be
checked for the new structural system.

The current lateral system consists of concrete shear walls that are centered around the
stair towersThese are typically convenient locations $bear walls but also are a good
arrangement for the original pesnsioned slabs to avoid shortening and residual stresses in the
slab.

The first design change to the lateral system was to eliminate two shear walls that were
located outside of the stabwers. These two shear walls became a conflict with some of the
architecture on the apartment levels. These shear walls were also located close to the center of
rigidity and did not carry a large impact on reducing lateral displacements.

Upon removinghe two shear walls mentioned above, the buildings lateral displacements
for wind case 2 became too large. In order to provide the necessary lateral resistance without
creating any architectural conflicts, 3 bays of moment frames were provided at thanabrth
south end of the building. These moment frames are positioned at the ends of the building to
reduce the torsional effects on the building as well.

As was the case in Technical Report 4, a 3D ETABS was created in order to analyze
8621 Geor glataral systemiha latéral system was analyzed under wind and seismic
loads calculated using ASCHD. Two spot checks of the lateral system were performed to
verify the shear wall and moment frame designs, which can be found in Apfi&ndix

8621Georgia



Final Report bAOl 5Fadlt T2

Advisor: Dr. Thomas Boothby
Overview

The lateral system consists of 13 shear walls and 3 bays of moment frames on the north and
south side of the building. Some of the shear walls are only in the first three floors of parking
garage while the shear walls around the stair toaredlsthe moment frames rise the full height

of the buildingT he typical shear wall is 120 thick

whi c h ar erhelfallaving irhaigecshows an overall view of the lateral system with the
moment frames on eachcenf the building.

Although the building is exempt from any of the building irregularity provisions described in
ASCE due to the Seismic Design Category A status, torsional behavior was considered in the
lateral system layout. The steel moment frames plaeed at the end of the building to limit
displacements in the weak direction and minimize any torsional effects on the building.

T L iy
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) FigurelQ Overall View of Lateral System
Wind Loads

The wind loads on the building were calculated using ASQHB.As per the ASCE procedures,

four dfferent wind cases were applied. Wind cases also consider positive and negative moments
under the same loading. The four wind cases take quartering winds and torsional effects into
consideration. The following tables show the applied wind pressuressiiting forces on each

story of the buildingCalculated building properties such as the center of pressure, center of
rigidity, and center ofmass can be found in Appendix G
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Wind Forces

The wind analysis of the building was conducted in accordaithehe Main Wind Force
Resisting System directional procedure for determining wind loads. This procedure outlines 4
wind load cases to be considered. The various cases consider wind from each of the 4 major
faces of the building and incorporate torsiomaiment of the building due to the wind.

Case 1:

5Fadlt¥F2
Advisor: Dr. Thomas Boothby

The first case of the wind analysis is simply applying the full load orthogonal to the building in
each of the two primary axis. The east/west direction is the long direction of the building, which
has agreater surface area for the wind pressure to act over. The base shear values in each
direction are also given.

Case 1 N/S Wind Forces

Floor | Floor to Floor Wall Windward Leeward Tributary Story
Number| Height (ft.) | Length (ft.)| Pressure (psf| Pressure (psf Area (sqft.) Force (k)
1 10.167 134.33 13.10 -4.39 1365.73 23.89
2 9.333 134.33 13.80 -4.64 1253.70 23.12
3 9.333 134.33 15.00 -5.06 1253.70 25.15
4 11 134.33 16.10 -5.40 1477.63 31.77
5 9.333 134.33 16.80 -5.63 1253.70 28.13
6 9.333 134.33 17.90 -5.87 1253.70 29.17
7 9.333 134.33 18.00 -6.05 1253.70 30.15
8 9.333 134.33 18.40 -6.21 1253.70 30.85
9 9.333 134.33 18.90 -6.37 1253.70 31.68
10 9.333 134.33 19.30 -6.50 1253.70 32.34
11 9.333 134.33 19.70 -6.62 1253.70 33.00
12 9.333 134.33 20.10 -6.75 1253.70 33.66
13 9.333 134.33 20.40 -6.86 1253.70 34.17
14 9.333 134.33 20.70 -6.97 1253.70 34.68
15 12.333 134.33 21.10 -7.09 1656.69 46.71
16 12.667 134.33 21.50 -7.22 1701.56 48.87
17 9.333 134.33 21.60 -7.25 1253.70 36.17

Base Shear =| 55352
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Case 1 E/W Wind Forces

Floor | Floor to Floor Wall Windward Leeward Tributary Story
Number| Height (ft.) | Length (ft.)| Pressure (psf| Pressure (psf Area (sqft.)| Force (k)
1 10.167 175.5 13.1 -4.392 1784.31 31.21
2 9.333 192 13.8 -4.644 1791.9% 33.05
3 9.333 192 15 -5.058 1791.94 35.94
4 11 192 16.1 5.4 2112.00 45.41
5 9.333 192 16.8 -5.634 1791.94 40.20
6 9.333 192 17.4 -5.868 1791.94 41.69
7 9.333 192 18 -6.048 1791.94 43.09
8 9.333 192 18.4 -6.21 1791.94 44.10
9 9.333 192 18.9 -6.372 1791.94 45.29
10 9.333 192 19.3 -6.498 1791.94 46.23
11 9.333 192 19.7 -6.624 1791.94 47.17
12 9.333 192 20.1 -6.75 1791.94 48.11
13 9.333 192 20.4 -6.858 1791.94 48.84
14 9.333 192 20.7 -6.966 1791.94 49.58
15 12.333 192 21.1 -7.092 2367.94 66.76
16 12.667 192 21.5 -7.218 2432.06 69.84
17 9.333 160.5 21.6 -7.254 1497.95 43.22

Base Shear = 779.74
Py
Fax PrLx Pry
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The second case addresses the effects of potential quartering wind conditions and their effects.

Three quarters of thaesign wind pressures are considered in addition to a torsional moment
about a vertical axis of the building with an eccentricity equal to 15% of the windward face.

Case 2 N/S Wind Forces

= Floor to Wall Windward | Leeward | Tributary 0.75*

oor B e M

Number Floor Length Pressure | Pressure Area Story (ft) (ft) | (it

Height (ft.) (ft.) (psf) (psf) (sqft.) Force (k)
1 10.167 134.33 13.10 -4.39 1365.73 17.92| 134.33 | 20.15| 361.02
2 9.333 134.33 13.80 -4.64 1253.70 17.34| 134.33 | 20.15| 349.44
3 9.333 134.33 15.00 -5.06 1253.70 18.86| 134.33 | 20.15| 380.02
4 11 134.33 16.10 -5.40 1477.63 23.83| 134.33 | 20.15| 480.10
5 9.333 134.33 16.80 -5.63 1253.70 21.09| 134.33 | 20.15| 425.04
6 9.333 134.33 17.40 -5.87 1253.70 21.88| 134.33 | 20.15| 440.84
7 9.333 134.33 18.00 -6.05 1253.70 22.61| 134.33 | 20.15| 455.62
8 9.333 134.33 18.40 -6.21 1253.70 23.14| 134.33 | 20.15| 466.26
9 9.333 134.33 18.90 -6.37 1253.70 23.76| 134.33 | 20.15| 478.81
10 9.333 134.33 19.30 -6.50 1253.70 24.26| 134.33 | 20.15| 488.77
11 9.333 134.33 19.70 -6.62 1253.70 24.75| 134.33 | 20.15| 498.74
12 9.333 134.33 20.10 -6.75 1253.70 25.25| 134.33 | 20.15| 508.70
13 9.333 134.33 20.40 -6.86 1253.70 25.63| 134.33 | 20.15| 516.43
14 9.333 134.33 20.70 -6.97 1253.70 26.01| 134.33 | 20.15| 524.16
15 12.333 134.33 21.10 -7.09 1655.69 35.03| 134.33 | 20.15| 705.82
16 12.667 134.33 21.50 -7.22 1701.56 36.65| 134.33 | 20.15| 738.46
17 9.333 134.33 21.60 -7.25 1253.70 27.13| 134.33 | 20.15| 546.67
Base Shears 415.14
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Case 2 E/W Wind Forces

= Floor to Wall Windward | Leeward | Tributary 0.75*

oor B e M

Number Floor Length Pressure | Pressure Area Story (ft) (ft) | (ftxk)

Height (ft.) (ft.) (psf) (psf) (sqft.) Force (k) ' ' '
1 10.167 134.33 13.10 -4.39 1365.73 23.41 175.50| 26.33 | 616.22
2 9.333 134.33 13.80 -4.64 1253.70 24.79 192.00 | 28.80 | 713.89
3 9.333 134.33 15.00 -5.06 1253.70 26.96 192.00| 28.80 | 776.36
4 11 134.33 16.10 -5.40 1477.63 34.06 192.00| 28.80 | 980.81
5 9.333 134.33 16.80 -5.63 1253.70 30.15 192.00| 28.80 | 868.33
6 9.333 134.33 17.40 -5.87 1253.70 31.27 192.00| 28.80 | 900.61
7 9.333 134.33 18.00 -6.05 1253.70 32.32 192.00| 28.80 | 930.80
8 9.333 134.33 18.40 -6.21 1253.70 33.07 192.00| 28.80 | 952.55
9 9.333 134.33 18.90 -6.37 1253.70 33.96 192.00| 28.80 | 978.17
10 9.333 134.33 19.30 -6.50 1253.70 34.67 192.00| 28.80 | 998.53
11 9.333 134.33 19.70 -6.62 1253.70 35.38 192.00| 28.80 | 1018.89
12 9.333 134.33 20.10 -6.75 1253.70 36.09 192.00| 28.80 | 1039.25
13 9.333 134.33 20.40 -6.86 1253.70 36.63 192.00| 28.80 | 1055.04
14 9.333 134.33 20.70 -6.97 1253.70 37.18 192.00 | 28.80 | 1070.84
15 12.333 134.33 21.10 -7.09 1656.69 50.07 192.00| 28.80 | 1441.95
16 12.667 134.33 21.50 -7.22 1701.56 52.38 192.00| 28.80 | 1508.63
17 9.333 134.33 21.60 -7.25 1253.70 32.42 160.50 | 24.08 | 780.42
Base Sheary 584.81
iy
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This @ase is the same described in case 1 but with three quarters of the design wind pressure
being applied simultaneously to each side. The forces given in the following tables would be
applied concurrently to the building as oppose to individually like iditsietwo cases.

Case 3 N/S Wind Forces

Floor | Floor to Floor Wall Windward Leeward Tributary | 0.75*
Number| Height (ft.) | Length (ft.)| Pressure (psf| Pressure (psfl Area (sqft.)] Story
Force (k)
1 10.167 134.33 13.10 -4.39 1365.73 17.92
2 9.333 134.33 1380 -4.64 1253.70 17.34
3 9.333 134.33 15.00 -5.06 1253.70 18.86
4 11 134.33 16.10 -5.40 1477.63 23.83
5 9.333 134.33 16.80 -5.63 1253.70 21.09
6 9.333 134.33 17.40 -5.87 1253.70 21.88
7 9.333 134.33 18.00 -6.05 1253.70 22.61
8 9.333 134.33 18.40 -6.21 1253.70 23.14
9 9.333 134.33 18.90 -6.37 1253.70 23.76
10 9.333 134.33 19.30 -6.50 1253.70 24.26
11 9.333 134.33 19.70 -6.62 1253.70 24.75
12 9.333 134.33 20.10 -6.75 1253.70 25.25
13 9.333 134.33 20.40 -6.86 1253.70 25.63
14 9.333 134.33 20.70 -6.97 1253.70 26.01
15 12.333 134.33 21.10 -7.09 1656.69 35.03
16 12.667 134.33 21.50 -7.22 1701.56 36.65
17 9.333 134.33 21.60 -7.25 1253.70 27.13
Base Shear = 415.14
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Case 3 E/W Wind Forces

*
Floor | Floor to Floor Wall Windward Leeward Tributary %t705r
Number| Height (ft.) | Length (ft.)| Pressure (psf| Pressure (psf Area (sqft.) Force)zk)

1 10.167 175.5 13.1 -4.392 1784.31 23.41
2 9.333 192 13.8 -4.644 1791.94 24.79
3 9.333 192 15 -5.058 1791.94 26.96
4 11 192 16.1 -5.4 2112.00 34.06
5 9.333 192 16.8 -5.634 1791.94 30.15
6 9.333 192 17.4 -5.868 1791.94 31.27
7 9.333 192 18 -6.048 1791.94 32.32
8 9.333 192 18.4 -6.21 1791.94 33.07
9 9.333 192 18.9 -6.372 1791.94 33.96
10 9.333 192 19.3 -6.498 1791.94 34.67
11 9.333 192 19.7 -6.624 1791.94 35.38
12 9.333 192 20.1 -6.75 1791.94 36.09
13 9.333 192 20.4 -6.858 1791.94 36.63
14 9.333 192 20.7 -6.966 1791.94 37.18
15 12.333 192 21.1 -7.092 2367.94 50.07
16 12.667 192 21.5 -7.218 2432.06 52.38
17 9.333 160.5 21.6 -7.254 1497.95 32.42
Base Shear = 584.81
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This case is the same described in case 3 but with 56.3% of the full design wind pressure being

applied simultaneously to each side.

Case 4 N/S Wind Forces

= Floor to Wall Windward | Leeward | Tributary | 0.563 *

oor B e M

Number Floor Length Pressure | Pressure Area Story (ft) (ft) | (it

Height (ft.) (ft.) (psf) (psf) (sqft.) Force (k) | | '
1 10.167 134.33 13.10 -4.39 1365.73 13.45 134.33 | 20.15| 361.02
2 9.333 134.33 13.80 -4.64 1253.70 13.02 13433 | 20.15| 349.44
3 9.333 134.33 15.00 -5.06 1253.70 14.16 134.33 | 20.15| 380.02
4 11 134.33 16.10 -5.40 1477.63 17.89 134.33 | 20.15| 480.10
S 9.333 134.33 16.80 -5.63 1253.70 15.83 134.33 | 20.15| 425.04
6 9.333 134.33 17.40 -5.87 1253.70 16.42 134.33 | 20.15| 440.84
I 9.333 134.33 18.00 -6.05 1253.70 16.97 134.33 | 20.15| 455.62
8 9.333 134.33 18.40 -6.21 1253.70 17.37 134.33 | 20.15| 466.26
9 9.333 134.33 18.90 -6.37 1253.70 17.84 134.33 | 20.15| 478.81
10 9.333 134.33 19.30 -6.50 1253.70 18.21 134.33 | 20.15| 488.77
11 9.333 134.33 19.70 -6.62 1253.70 18.58 134.33 | 20.15| 498.74
12 9.333 134.33 20.10 -6.75 1253.70 18.95 134.33 | 20.15| 508.70
13 9.333 134.33 20.40 -6.86 1253.70 19.24 134.33 | 20.15| 516.43
14 9.333 134.33 20.70 -6.97 1253.70 19.53 134.33 | 20.15| 524.16
15 12.333 134.33 21.10 -7.09 1656.69 26.30 134.33 | 20.15| 705.82
16 12.667 134.33 21.50 -7.22 1701.56 27.51 134.33 | 20.15| 738.46
17 9.333 134.33 21.60 -7.25 1253.70 20.37 134.33 | 20.15| 546.67
Base Shear; 311.63
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Case 4 E/W Wind Forces
= Floor to Wall Windward | Leeward | Tributary | 0.563 *
oor B e M
Number I_:Ioor Length Pressure | Pressure Area Story (ft) (ft) (%K)
Height (ft.) (ft.) (psf) (psf) (sqft.) Force (k)
1 10.167 134.33 13.10 -4.39 1365.73 17.57 175.50| 26.33 | 616.22
2 9.333 134.3 13.80 -4.64 1253.70 18.61 192.00| 28.80 | 713.89
3 9.333 134.33 15.00 -5.06 1253.70 20.24 192.00 | 28.80 | 776.36
4 11 134.33 16.10 -5.40 1477.63 25.56 192.00 | 28.80 | 980.81
5 9.333 134.33 16.80 -5.63 1253.70 22.63 192.00 | 28.80 | 868.33
6 9.333 134.33 17.40 -5.87 1253.70 23.47 192.00 | 28.80 | 900.61
7 9.333 134.33 18.00 -6.05 1253.70 24.26 192.00 | 28.80 | 930.80
8 9.333 134.33 18.40 -6.21 1253.70 24.83 192.00| 28.80 | 952.55
9 9.333 134.33 18.90 -6.37 1253.70 25.50 192.00| 28.80 | 978.17
10 9.333 134.33 19.30 -6.50 125370 26.03 192.00| 28.80 | 998.53
11 9.333 134.33 19.70 -6.62 1253.70 26.56 192.00| 28.80 | 1018.89
12 9.333 134.33 20.10 -6.75 1253.70 27.09 192.00| 28.80 | 1039.25
13 9.333 134.33 20.40 -6.86 1253.70 27.50 192.00| 28.80 | 1055.04
14 9.333 134.33 20.70 -6.97 125370 27.91 192.00| 28.80 | 1070.84
15 12.333 134.33 21.10 -7.09 1656.69 37.58 192.00| 28.80 | 1441.95
16 12.667 134.33 21.50 -7.22 1701.56 39.32 192.00| 28.80 | 1508.63
17 9.333 134.33 21.60 -7.25 1253.70 24.33 160.50| 24.08 | 780.42
Base Shearq 438.99
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Wind Drift Checks

The worst case drift conditions for each wind load case were determined and listed below. The
maximum drifts experienced were compared to the accepted industry standard limit of H/400 for
drift. All cases pass the allowabdirift limits under wind loads. For each case, the maximum

drift shown was measure at thé"l@vel of the building.

Drift due to Wind Load Cases

Load Case I\él)ert:;;nztjnr? A[‘)"r%\;va(llbr:;a Pass/Fail
Wind Case 1 X Direction 4.16 5.025 PASS
Wind Case 1 Y Direction 4.52 5.025 PASS
Wind Case 2 X Direction (+M) 2.71 5.025 PASS
Wind Case 2 X Direction (M) 4.07 5.025 PASS
Wind Case 2 Y Direction (+M) 2.80 5.025 PASS
Wind Case 2 Y Direction (M) 4.76 5.025 PASS
Wind Case 3 3.00 5.025 PASS
Wind Case 4 (Additive +Moments) 3.78 5.025 PASS
Wind Case 4 (Additivé Moments) 3.59 5.025 PASS
Wind Case 4 (+Mbés i 3.69 5.025 PASS
Wind Case4M6s i n Oppos 4.28 5.025 PASS
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The story forces anbuilding loads presented in the above tables were applied to the building.
Results of displacement and stresses were compared to serviceability and strength criteria from
ASCE #10. The wind forces determined on the building act through the center sfifges

while the seismic forces are exerted through the center of mass. All eccentricities are with
respect to the center of rigidity of each floor. The floor diaphragms are rigid and distribute the
lateral loads based on location of the lateral forcetnegislements.

Pictured below are images from ETABS showing the shell stresses in the shear walls. The two
shear walls shown in elevation ar espanthear wal
entire height of the building. As expected, stressegarater at the ends of the wall due to the

walls behavior in flexure. Shear stresses are greater at the lower floors of the building.
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Figurell: Shell Stresses of Shear Wall 1 and : Figurel2: Shell Stresses of Shear Walls
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Seismic Forces

As discussed in Technical Report 2, 8621 Georgia Avenue falls into a Seismic DesignyCategor
A. Due to this, the building is exempt from the more detailed analysis for seismic loading found
in ASCE Ch. 11. The seismic loading for this building is governed by the provisions in Section
1.4 for the general structural integrity of the building.

Therefore, the seismic story forces are given by taking ¥/d0he story weight. A rough
approximation of the story weights was performed in Technical Report 2. The following table
includes a more detailed summation of the total dead load structurabmeash floor. Because
the simplified method for determining seismic story forces is entirely dependent on mass, the
story forces are the same in both the X and Y direction.

Tables 12.31, 2 were investigated for horizontal and vertical building irregida. None of the
irregularities are applicable for Seismic Design Category A so no additional requirements are
necessary. The building maintains a relatively geometric profile throughout its perimeter and
height so this is a reasonable conclusion.

Although additional provisions were not required due to structural irregularities, torsional effects
were considered when placing elements of the lateral force resisting system.
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Seismic Drift Checks

After a seismic analysis of thmiilding was performed using ETABS. The results below

document the story displacement and story drift. The allowable drift limit under seismic load was
determined using Table 12:12in ASCE 710 for allowable Seismic Story Drift. For a building

of risk category I, the allowable story drift is 2%. The maximum drift values occurred at'the 17
floor and all passed the allowable drift limit.

Displae@ments due to Seismic Loading
X Direction Y Direction
Story Story Story Story
Floor | Displacement| Drift A[‘)"rﬁ\tlv(ﬁ)le Pass/Fail| Displacement| Drift ﬁ)\"r?tlvg/tz;e Pass/Fail
(in.) (%) (in.) (%)
17 2.85 0.144 2% PASS 1.52 0.076 2% PASS
16 2.74 0.142 2% PASS 1.45 0.076 2% PASS
15 241 0.138 2% PASS 1.28 0.073 2% PASS
14 2.00 0.125 2% PASS 1.07 0.067 2% PASS
13 1.78 0.120 2% PASS 0.95 0.064 2% PASS
12 1.55 0.113 2% PASS 0.83 0.060 2% PASS
11 1.33 0.105 2% PASS 0.71 0.056 2% PASS
10 1.11 0.097 2% PASS 0.60 0.052 2% PASS
9 .90 0.087 2% PASS 0.49 0.047 2% PASS
8 71 0.077 2% PASS 0.38 0.041 2% PASS
I 52 0.064 2% PASS 0.28 0.035 2% PASS
6 .35 0.050 2% PASS 0.20 0.028 2% PASS
5 .20 0.034 2% PASS 0.12 0.020 2% PASS
4 .07 0.015 2% PASS 0.07 0.014 2% PASS
3 .03 0.008 2% PASS 0.04 0.012 2% PASS
2 .04 0.002 2% PASS 0.03 0.011 2% PASS
Table 12.12-1 Allowable Story Drift, A"
Risk Category
Structure [orll 111 IV
Structures, other than masonry shear wall structures, 4 stories or less above the base as 0.025h,° 0.020h,, 0.015h,,

defined in Section 11.2, with interior walls, partitions, ceilings, and exterior wall systems
that have been designed to accommeodate the story drifis.

Masonry cantilever shear wall structures? 0.010h4,, 0.010h,, 0.010h,,
Other masonry shear wall structures 0.007h,, 0.007h,, 0.007h,,
All other structures I 0.020h,, I 0.015h,, 0.010h,,

“h,, is the story height below Level x.
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Steel Momat Frames

As previously mentioned in the overview of the lateral system design,-bay Bng moment

frames were added to tB&ucture. These moment frames are located at the north and south end
of the building and rise the full building height. The kgagion and placement of these frames
were determined in order to address specific design considerations.

The addition of these moment frames was prompted by a high story drift in the X direction of the
building due to wind case 2. This wind case inesla wind load in the easfest direction of the
building in addition to a moment. In order to reducdiection displacement and building

torsion, these frames were oriented at the perimeter of the building in the X direction.

Creating moment frames thin the structural also provided the opportunity for a more extensive
investigation into designing the typical connections for the structure.
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Figurel3 Moment Frames
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The previous figure shows an elevation view of one of the fraftescolumn and beasizes

are typical sizes that appear elsewhere in the structure. As opposed to the gravity columns which
reduce in size at upper floors due to a reduction in load, the size of the columns in the moment
frames are maintained in order to resist the lateead s well as the axial load.

Below is an elevation of the same moment frames with the moment diagram superimposed over
the frame. The moments do not change with regards to the building height, thus reinforcing the
design decision to maintain the sans&umn size throughout the height.

Figureld: Monent Diagram on Moment Frames
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MAE Coursework Integration

Requirements for the Masters of Architectural Engineering degree were met by applying
graduate level coursework to multiple parts of my thesis. The knowledge gaihedectasses
in most represented through the computer modeling and connection design portions of this
project. The application of these skills utilized material learned in AEG@@puter Modelling
of Building Structuresas well as AE534The Design oft8el Connections

The gravity system of 8621 Georgia Avenue was designed using RAM Structural System. This
was a program that was learned through internshipdags tutorials, and a sedtudy of the
software. This selétudy was performed by compldgiall of the tutorials offered by Bentley for
their software. RAM was useful in modelling the gravity system by providing interactions and
deflections for all of the steel members as well as calculating materiabffakeased on

member designs.

The laeral system was modelled in ETABS which is a computer program that was primarily
learned in AE 530. This software was used in both the fall and spring semester. ETABS
effectively models and applies seismic and wind forces to the lateral system of tivegbUtié
equivalent story forces were verified by hand and by excel spreadsheet. These values were used
to design and check the elements of the lateral system.

Another software that was used throughout the duration of the project was Risa 2D. This
programwas learned through instruction in multiple AE classes over the past years. Risa was
used to perform basic calculations to determine shear and moment forces, or deflection values
for simple beam or frame arrangements. For the redesign, Risa was secisedlto model

the lateral soil forces on the foundation wall and calculate the maximum moment and shear
forces.

Two typical connections for the building were designed. The majority of the steel gravity system
uses a simple shear connection for the bgader and girdecolumn connections such that
moment is not transferred. The moment frames in the building require moment connections at
the girdercolumn conditions. The typical shear and moment connection were designed.
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Modding Decisiors

The structure considered for this analysis is a 17 story concrete building with shear walls as its
primary lateral resisting members. There are some drop beams on the lower 4 levels to
accommodate the parking garage. Although all concrete frames traosfe moment and

lateral force, only the shear walls, drop beams, and columns directly supporting them will be
included in the model. This decision is made both to simply the model but also to conservatively
determine the loads on these elements.

The 14shear walls in the building were all modeled as membrane elements. Membranes do not
account for oubf-plane shear forces because they have nofeplane stiffness. This is ideal
because in our theoretical lateral analysis we assume that shear walidycasist inplane

loads.

In modeling the shear walls as membranes, extra effort had to be taken to assure the proper shear
and moment continuity where beams framed into
columns (the same thickness as theashwall) had to be added in these circumstances. This was
especially the case on some of the coupled shear walls to adequately model the coupling beams.

The diaphragms on every floor were modeled as being rigid. This allowed the latezaltto
transfer and be distributed to the lateral force resisting elements. The forces transferred from the
rigid diaphragm are distributed based on the location of the lateral force resisting elements.

The openings in the floor diaphragms were not rfetld_arge opening in the shear walls for

doors were included but all other smaller openings were not modeled. This was done as a means
to avoid unnecessary complexity within the model. The decision to disregard these openings will
have negligible resultsn the model.
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Connection Design

Another application of the graduate degree coursework from the AE program was found in the
connection design of the two typical connections within the building. Two connections were
designed by hand; a shear tafl avebbolted, flangebolted moment connection. The shear tab

is the most common connection in the redesign steel system foG@R2djia Avenue

A shear tab was used, as opposed to other shear connections, because it is relatively inexpensive
and easy tanstall. The connection accounts for the majority of the connections in the building so

a small cost or time savings per connection could become substantial in the scope of the entire
project.

A sketch of a shear tab connection is shown below. Thigislgnan example diagram, the final
connection design has been sketched within the hand calculations for the connections.

o 0 ® o)

Figureds: Example of a shear tab connection

A shear tab connection is simply a plate that is welded to the web of a girder or column and then
attached to the beaby boltsorweldsTh e desi gned shear tab requir
bolts for the bearngirder or girdercolumn connection.
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A typical moment connection was also designed to be implemented in the moment frames at the
north and south side ofdhbuilding. Because these frames are participating in the lateral system,
the connections need to properly transfer moment from the beams to the columns.

An example diagram of a weimlted, flangebolted moment connection is shown below. Plates

are boltel to the web and flange of the girder and welded to the flange oomibb column.

Doubler plates are also shown below in the example connection. Doubler plates are used within
the column to stiffen and support the flanges in the shear zone of the gitHeugh in the case

of the moment frames in 8621 Georgia Avenue, the shear force is not high enough for doubler
plates to be needed.
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FigurelG Example of a flafigdted, wdiblted moment connecti

More detailed assumptions, diagrams and limit states of these two connections can be found in
the calalationswithin Appendix H Although each connection was designed in detail, a 10%
structural steel allowance will be factored in for connections as opposed to pricing out each
element of the connection. This is an accepted industry rule of thumb ame &dteptable for

this cost analysis application.
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Breadth #1: Mechanical

In the existing design of the parking garages, they were above grade and design as an open air
structure. In order to facilitate the structural redesign, one of these floachede moved

below grade. With this design change, a ventilation system needs to be design to exhaust the air
from the parking garage.

The International Mechanical Code, as well as the ASHRAE Handbook, give the same minimum
ventilation airflow rate 00.75 CFM per square foot. The design for the parking garage will
include 4 exhaust fans to remove air and rely on the created negative pressure to bring in fresh
air from the outside and floor above.

The required exhaust load per fan was found usingatie specified airflow rate and the square
footage of the parking garage. It was assumed that eagvofdd exhaust fan equally and
contribute the same amount to the overall required CFM to be exhausted.

Figurel7: Section 404 from the International Mechanica
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Two of the fans in theasithwest corner exhaust the air directly outdoors while the other two fans
utilize ducting to achieve an even and distributed air exhaustion across the floor plan. The blue
arrows on the floor plan show the flow of air due to the negative air pressure.

Another consideration was the location that the air would be exhausted. The south and east side
of the building are heavy pedestrian aresasthe air needed to be exhausted to the west in order

to meet the ASHRAE minimum distances between air exhaust aedtsuilding openings. The

fan in the southeast corner required additional ducting to carry the exhausted air to the west side
of the building.
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Another criteria that was considered for the ventilation of the parking garage was the
number of air changes that would take place per hour. For parking gardéges,changes per
hour is a recommended value, so the ventilation system was designed for a total fresh air supply
load of 5 air changes per hour.

Using two tables from the ASRAE Handbook, the ducting was sized in order to carry the air
exhaust load based on an air speed of 1800 ft/min. Thkkss tcan be found in Appendix |

Circular and rectangular duct sizes were found using the tables but circular ducts were selected
basedon availability of ducts that large.

The additional ventilation something also comes with an incurred cost. In the following pages of
calculations, a cost analysis of the ventilation system was performed using RS Means
Mechanical Cost Data 2015. The gtest cost of the ventilation system is the additional
excavation required at the three corners of the building where the fans are located in. The total
cost of the ventilatio system will be an estimatedZ;300.

In summary, due to the rearrangementef parking garage floors, air needs to be exhausted

from the floor below grade. Four exhaust fans will be provided to exhaust the air and supply
fresh air via a negative air pressure. The costgifiling this system would be $300.
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Breadth #2: Cost Analysis

In order to make a more realistic determination of the feasibility of a steel system, a detailed cost
analysis was performed on the building. The scope of the cost analysis focused upon the
elements of the building thatere changed or redesigned in order to get a final additional cost or
savings by switching to a steel systé&bost information used and provided by the general
contractor was used for pricing elements of the existing structure. Newly designed elements wer
priced using RS Means Construction Cost Data 2015.

The major costs considered were the savings from redesigning the foundations, the cost
difference between the steel and concrete system, the additional excavation cost, and other
miscellaneous incurrecbsts.

The following cost data was acquired using RS Means Construction Cost Data 2015. The
suburbs around DC tend to have cheaper concrete rates than on average due to the popularity of
concrete construction in the area. For this reason, the steehgystg be more expensive than

RS Means may yield. This fact will not be included in the cost analysis but will be considered in
the final system comparisons.

Steel System Cost Analysis
Redesigned System Cost Net Difference
Steel Framing $9,452,438.87 - $3,400,735.87
Foundation $1,028,110 +$721,356.3
Ventilation $52,273.75 - $52,273.75
Additional Excavation $149,803.90 - $149,803.90
Parking Spaces $79,380.00 - $79,380.00
Totals $10,762,00662 - $2,98,837.29

Detailed item by item cost éakdowns can be found in AppendiXrbe net differences of the
systems refer to the comparison between the designed system and what was redesigned to
accommodate the steel structural system.

8621Georgia



Final Report bAOl 5F&adlt¥F2 {
Advisor: Dr. Thomas Boothby

In order to appropriately price the cost of eliminatiagking spots, the total costs will be

expressed in dollars lost per year. The annual cost of a parking place will be estimated based on
the monthly cost of a nearby garage at 921 Wayne Avenue (shown below). Because this garage
is only .3 miles away from &3 Georgia Avenue, the same monthly rate for parking will be

applied.
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Figure @ Map showing a nearby parking gare
The cost of a monthly parking space at 921 Wayne Avenue is $189/month. Considering the 35

spots that were eliminated over the 4 floors of parking garage, thedstaifdhis change is
$79,380A breakdown of the annual losses per floor can be found in Appendix J.
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System Comparisons

The original goal in performing this investigation was to determine whether or not a steel system
is feasible tomplement on 8621 Georgia Avendde comparison between the two systems will
evaluate all aspects of the systems and not simply just cost. This section of the report will only
point out the advantages and disadvantages of each systencevialeding witha final
recommendation for the building owner

The first factor that weighs into the comparison is the overall cost of the buidirdgtermined

by the cost analysis in the previous sectibe steel system and the supplemental design

additions causeffom that switch, is 3,960,000 more expensive. This price differential would

mean a 6% increase in cost from the original $52 million. There were some savings available in
reducing the foundations but theloatostel system

Another factor to consider would lige availability of labor and work. In the DC area, concrete

is the favored building material. The price of building in concrete is generally cheaper because of
the way the building market in DC is. Desiggia building in steel could cause some difficulties
bringing in materials

The site of 8621 Georgia Avenue is a confined space, surrounded by buildings on all side. This
could create a problem for staging and lay down in a steel building. In a cdnaléiteg, the

concrete can be supplied in smaller amounts via trucks and does not take up as much site space.
Therefore, a concrete system has some construction management benefits.

Another aspect worth comparing between the two systems is the floor visrafiee initial

concrete system is resistant to vibrations due to the stiff nature of concrete and thickness of the
slab. When optimized for strength and deflection, the steel system did not meet the vibration
criteria and need to be increased in sizehBystems meet vibration criteria, but the concrete
system is more efficient in doing so.

The floor to ceiling heights in the apartments is the same as originally designed. This was only
accomplished by moving a level of parking garage below grade. iNdess, the ceiling height
per floor is unchanged.

The fire resistance of the ceiling to flomnstruction in both systems is designed to meet a 2

hour fire rating. The 1.5VLI18 deck for the steel redesign was chosen to achieve this fire rating.
The stel columns will need fireproofing applied to them or will need to be encased in a fireproof
material.

Therefore, in many categories the two systems are equivalent in meeting certain design criteria.
Yet, weighing the advantages and disadvantages itds ttlat concrete is the better system. A

steel system is still very feasible but comes with a higher cost and some construction difficulties
without any staggering advantage over concrete.
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Given all of the previously discussed designs and analysistdbkesystem does appear to be
feasible but would not be recommended. Converting this concrete building into a steel building
has many design constraints but this report demonstrates that it is possible to meet these design
goals. The steel system is rast efficient or cost effective but works for this application.

Therefore it is very feasible for 8621 Georgia Avenue to be redesigned in steel.

A potential advantage to the steel system that has not been investigated yet would be an
extensive scheduknalysis. If there was a significant time savings in the project construction
time, the steel option may begin to be viable. Otherwise, outside of any considerable schedule
benefits, the concrete system seems to be the better decision.

Although the redegn steel system may not be the most effective system for the building owner
to employ, it may be worth investigating an additional level of parking below grade. The cost of
additional excavation was not very excessive because it is only one floor balisv §he

additional income from another full floor of 50 parking place could make the initial cost worth it
in the long term.
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Conclusions

This report consisted of an analysis and redesign of the recently designed 8624 Geengie

building in Silver Spring, MDDuring the fall semester, analyses were conducted on the proposed
gravity and lateral systems. The original designs were determined to be adequate for strength and
serviceability criteria. After successfully concladithat the original building design is deficient,

a hypothetical scenario was created to investigate the feasibility of a composite steel system.

The structural redesign utilized a composite steel system which replaced a post tensioned concrete
flat sleb. The composite action of the steel was chosen ovecomposite in order to minimize

the structural depth. The bay sizes needed to be rearranged in order to be more suitable for a steel
system. The program of the parking garage needed to be sliglitdshiorder to accomplish a
modular bay size across the floor pldine gravity system was designed using RAM structural
system and verified by hand.

The transition to a steel system decreased the building weight and allowed the foundations to be
reducel and redesigned’he foundations simplified and reduced to result in a significant cost
savings. The foundations were designed in RAM and checked by hand.

The lateral system of the building was subjected to wind and seismic loads. Wind loads were found
to be the controlling lateral load. The existing lateral system was modified and added steel moment
frames were created to aid in story drift control and building torsion. ETABS was used to model
the lateral system.

The first breadth study included a dgsiof the ventilation system that would need to be
implemented to ventilate the underground parking garage. Exhaust fans were sized and provided
to remove air from the parking garage based on airflow rates in the ASHRAE Handbook

The second breadth wascast analysis of new steel system. This cost analysis considered
secondary effects from the steel redesign such as reduced foundations and a new ventilation
system. The cost analysis was used to not only determine the price of the new steel system but the
additional cost more than the concrete system.

The typical connections in the steel system were also design. The shear and moment frame
connections were evaluated by hand and factored into the overall cost analysis.

It was determined that a steel optiton 8621 Georgia Avenue would be feasible, yet not as
efficient or costeffective as concrete. Both systems meet criteria for vibrations, fire, and strength.
The two systems also have the same floor to ceiling height despite the thicker structurdlhepth.
initially design concrete system offers a cost savings compared to the proposed steel design. The
only factor that might advocate for a steel system would be an expedited construction time.
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Appendices:
Appendix A Design Loads

The determination of the design loads for the project were found using the codes and references
listed in the previous section of this report. The following section will report from where in each
particular codehat the design values are derived from.

National Codes

The two codes that were used in the design of the building were the IBC 2012 and ABCE 7
Chapters 4, 1-BO on live loads and lateral loads were used to generate the loadings for these
conditionsin 8621 Georgia Avenue. All of the design loads used in the project can be found on
sheet S0.01

Gravity
Dead Load

The typical roof, floors, and parking areas were given an additional superimposed dead
load in addition to the material setfeights. Oher atypical conditions received an
additional superimposed dead load based upon experience and specifications with those

systems.
Structural Element Weight (psf)
Typical Roof 30
Typical Floor 15
Parking Areas 10
Unique Conditions
Intensive Green Roof 60
Bio-Retenion Planter 600
Courtyard Planters 240
) FigurésQ Superimposed Dead Load Values
Live Load

All live loads were determined using Chapter 4 of ASCE)7and Chapter 16 of IBC
2012 on live loads. In accordance with IBC 2@&2tion 1607.02, the column,
foundation, and beam live loads were able to be reduced.

Snow Load

8621GeorgiaAvenue
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The ground snow load for Silver Springs, Maryland is recorded as 30PSF according to
Chapter 7 of ASCE-10. In most cases, the roof snow load can be redogea factor of

0.7 (assuming no other factors apply) but the Montgomery County amendments set the
minimum roof snow load to 30 PSF, so there is no reduction from the ground to roof
snow load

Lateral Loads

The Lateral loads for 8621 Georgia Avenue wagtermined using chapters-13 and 2630
covering seismic and wind loading. For this project the wind load was the controlling lateral
load. Similar to the gravity loads, all design loads are found on sheet S0.01.

Wind

The wind load was specificallpé@ind using chapters 2D from ASCE 710. The

building is considered to be Risk Category 2 with a Wind Exposure Category C and basic
wind speed of 110 MPH. Net design pressures on various parts of the enclosure are given
in the table below:

Net Design Presires

Walls (Zone 4) +20 PSF;20 PSF

Walls (Zone 5) +20 PSF;34 PSF

Roofs (Zone 1) -27 PSF

Roofs (Zone 2) -44 PSF

Roofs (Zone 3) -59 PSF
Seismic
The seismic design loads
were primarily found in

Chapters 11 and 12 of ASCELD. Specificcomponents and systems dealing with the
architecture, mechanical, electrical, etc. also reference Chapter 13 of ABCE 7

The building is a Risk Category 2 with an importance factor of 1.0 that falls in Seismic
Design Category A.

Soil
The lateral soiloads on the building were the same loads recommended by the
geotechnical report performed by Schnabel Engineering Consultants, Inc. The soil load

was determined to have a sliding resistance of 0.35 and a net pressure of 50 PSF/ft of
depth.
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Appendix B Framing Options
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Figuré2: Beams Spanning Longways
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Figures3: Bears Spanning Shortways
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Append|x C: RAM Model Checks
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Appendix D:Vibrations
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Appendix E: Foundations

Overturning Moments

Load Cases Drection(9 | Drection(q) | Direciion( 6 | Direction( 6.
Wind Case 1 X Direction 779.74 - 52,242.58 -
Wind Case 1 Y Direction - 553.52 - ﬂ 53,137.92
Wind Case 2 X Direction (+M) 584.81 - 39,182.27 -
Wind Case 4 X Direction (M) 584.81 - 3918227 -
Wind Case 2 Y Direction (+M) - 415.14 -
Wind Case 2 Y Direction (M) - 415.14 - 39,853.44
Wind Case 3 584.81 415.14 39,182.27 39,853.44
Wind Case 4 (Additive +Moments) 438.99 311.63 29412.33 39,853.44
Wind Case 4 (Additivé Moments) 438.99 311.63 29412.33 29,916.48
Wind Case 4 (+Mb6s i 438.99 311.63 29,412.33 29,916.48
Wind Case4M6s i n Oppos 438.99 311.63 29412.33 29,916.48
Seismic X 441.42 - 29,575.14 -
Seismic Y - 441.42 - 42.376.32
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Risa 2D was used to model the loading on the foundation walls due to surcharge as well as soil
and water lateral load. These forces were verified by hand and used in the design of the

foundation walls.

'*wuﬂ
- TR
- AT .
e >
Member Section Forces
Nomber Labsl Secaon Axdal Shear Nomenl
L] < &)
S S 0 4507 0
=} 1] [ 2818 | 10823
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= o I 7306 ]

Figuré2 Foundation Wall Loading
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Appendix FWind and Seismic Loads
Building Properties

When buildings are exposed to lateral loads the act through different point of the building
depending on the nature of the load. Wind and seismic forces interact with the building
differently because wind is agasure force whereas seismic force is a function of mass. The
tables below will located the point at which these forces act through.

Center of Mass:

The center of mass represents the mean position of the mass located in a building or on a floor.
The ceter of mass is the location in which external loads and moments on a building act
through. The seismic forces on a building act through the center of mass.

Center of Mass by Floor
ETABS Calculated by Hand Error
Floor | X Direction | Y Direction | X Direction | Y Direction X Y
17 70.02 107.89 78.15 90.32 11.60% | 16.29%
16 67.67 88.36 78.15 90.32 15.49% 2.21%
15 71.25 90.95 78.15 90.32 9.67% 0.66%
14 71.23 90.95 78.15 90.32 9.67% 0.66%
13 71.23 90.95 78.15 90.32 9.67% 0.66%
12 71.23 90.95 78.15 90.32 9.67% 0.66%
11 71.23 90.95 78.15 90.32 9.67% 0.66%
10 71.23 90.95 78.15 90.32 9.67% 0.66%
9 71.23 90.95 78.15 90.32 9.67% 0.66%
8 71.23 90.95 78.15 90.32 9.67% 0.66%
7 71.23 90.95 78.15 90.32 9.67% 0.66%
6 71.23 90.95 78.15 90.32 9.67% 0.66%
5 65.92 94.71 78.15 90.32 18.55% 4.64%
4 66.79 93.74 84.90 96.24 27.11% 2.67%
3 66.85 94.18 79.46 96.24 14.38% 2.19%
2 57.68 120.03 79.46 96.24 37.76% | 19.83%
1 64.71 103.18 79.46 96.24 22.79% 6.73%

The detailed spreadsheet containing the calculated values aidepron the appendix. One
discrepancy in the results is that ETABS included the slab in the COM calculation whereas the
hand spot checks just included the shear walls. The footprint of the floor plan changes on the
bottom 4 floors and the top two floordile the shear wall configurations do not change.
Therefore larger error is expected on those floors due to that. The slab in the X direction steps
back a bay above floor 4 which accounts for some of the variability in that direction. The Y
direction masslistribution is fairly consistent throughout the building height, which is reflected
by the low margin of error for those calculations.
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The center of rigidity is the centroid of the stiffness for a building or individual floor. The

stiffness elements considered for the center of rigidity are the shear walls and drop beams
previously mentioned in this report. Forces that act through any point other than the COR cause

an incidental torsion on the building because the load is appliedtecaliyto the centroid of

stiffness. Because 8621 Georgia Avenue is a rectangular building with relatively well distributed

lateral force resisting elements, it is expected that the COR and COM points will not differ
greatly. Therefore, the accidentatdimn on the building should be minimal.

Center of Rigidity by Floor

ETABS Calculated by Hand Error
Floor | X Direction | Y Direction | X Direction | Y Direction X Y
17 90.867 98.442 82.368 93.04 9.35% 5.49%
16 90.192 98.960 83.369 92.481 7.56% 6.55%
15 89.562 99.562 83.271 92.543 7.02% 7.05%
14 88.907 100.04 82.368 93.04 7.35% 6.99%
13 88.344 100.331 82.368 93.04 6.76% 7.27%
12 87.095 100.590 82.368 93.04 5.43% 7.51%
11 87.742 100.525 82.368 93.04 6.12% 7.45%
10 86.410 100.47 82.368 93.04 4.68% 7.40%
9 85.706 100.072 82.368 93.04 3.89% 7.03%
8 85.030 99.239 82.368 93.04 3.13% 6.25%
7 84.486 97.701 82.368 93.04 2.51% 4.77%
6 84.320 95.004 82.368 93.04 2.31% 2.07%
5 85.046 90.579 82.368 93.04 3.15% 2.72%
4 85.864 86.273 78.807 85.959 8.22% 0.36%
3 85.385 86.316 78.504 86.468 8.06% 0.18%
2 84.938 90.165 78.504 86.468 7.57% 4.10%
1 90.227 89.499 78.654 86.222 12.83% 3.66%

The detailed spreadsheet and calculations associated with this table is located in the appendix.

8621Georgia
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Center of Pressue:

The lateral wind forces applied to a building are pressure loads on the fagcade that we simplify to
story forces based on the exposed surface area the pressure is acting on. Because the wind force
is dependent on the geometric exposure of the builthegesultant force acts through the

centroid of that area. Therefore the wind forces will act through these points, which are called the
Center of Pressure.

Center of Pressure by Floor
Floor | X Direction | Y Direction
17 67.16 108.35
16 67.16 91.90
15 67.16 91.90
14 67.16 91.90
13 67.16 91.90
12 67.16 91.90
11 67.16 91.90
10 67.16 91.90
9 67.16 91.90
8 67.16 91.90
7 67.16 91.90
6 67.16 91.90
5 67.16 95.96
4 67.16 95.96
3 67.16 95.96
2 59.23 116.12
1 59.23 104.17

8621GeorgiaAvenue
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The Talbe below is an example of the hand checks performed to verify the lateral forces applied
to the model by ETABS. The building mass was approximated based orutttarsi weight of

the building. The seismic story forces on the building are directly piopafto the weight of

the building calculated below.

8621Georgia

Columns Shear 'walls Floors
B 2" 18 w2q” 12 14 g T.25
Flaarht. | # | Arealft2) | Forcelkl| # [Arealft2)|Farce (kl|Length(fr)| Farce (k) |Length fe)] Farce (k] | Area(fe2] | Farce(kl | Arealft2] | Forcelkl | Total Story Weight (k) | Lateral Seismic Story Farze (k]
Floar 17 933 | 48 2,67 173.20 | 0 3 1] 262,39 | 367.34 46.66 76,21 1} 1] 754.00 71.05 £33.81 6.94
Flaar 16 12,67 45 267 24320 | O 3 1] 262.39 | 435.54 46.66 03543 o] 1] 17005.00 1541.35 2386.52 23.87
Floers | 1233 | B1 2,67 30093 | 0 3 1] 262,39 | 48542 46.66 100.71 1} 1] 21473.00 | 1346.53 2833.59 26.34
Floaor 14 3.33 =1 267 22773 | 0 3 1] 26239 | 367.34 45.66 T6.21 o] 1] 21473.00 1346.53 2617.82 26.15
Floor 13 3.33 B1 2,67 22rTa |0 3 1] 262,39 | 367.34 46.66 76,21 1} 1] 21473.00 | 1346.53 2617.82 26.18
Flaar 12 3.33 =1 267 22773 | 0 3 1] 26239 | 367.34 45.66 T6.21 o] 1] 21473.00 1346.53 2617.82 26.15
Flaar 11 3.33 &1 2.67 22773 0 3 1] 26239 | 367.34 46.66 76.21 1] 1] 21473.00 | 1346.53 2617.82 26.18
Flaar 10 3.33 =1 267 22773 | 0 3 1] 26239 | 367.34 45.66 T6.21 o] 1] 21473.00 1346.53 2617.82 26.15
Flaaord 333 E1 287 22773 0 3 1] 26239 | 36734 46,66 7621 1] 1] 21473.00 | 134653 2617.82 2618
Floar & 3.33 =1 267 22773 | 0 3 1] 26239 | 367.34 45.66 T6.21 o] 1] 21473.00 1346.53 2617.82 26.15
Flaar 7 3.33 E1 267 22773 0 3 a 26239 | 36734 4666 7621 1] a 21473.00 | 134653 2617.82 2618
Floar & 3.33 =1 267 22773 | 0 3 1] 26239 | 367.34 45.66 T6.21 o] 1] 21473.00 1346.53 2617.82 26.15
Flaaor & 333 | B0 267 22400 0 3 a 26239 | 36734 4666 TE21 | 2147300 [ 2147.90 0 0 2815.45 28.15
Floard 11.00 o] 267 1] 74 3 36630 | 27457 | 453.04 36.66 7057 | 25136.00 [ 251360 u] u] 3403.51 54,04
Flaor 3 3.33 1] 267 a 52 3 218.40 | 274.57 | 384.40 36.66 5388 | 25136.00 | 251360 0 0 37627 376
Floar2 3.33 0 2,67 1] g2 3 260.40 | 27457 | 384.40 36.66 53.88 | 16746.00 | 167460 0 0 2373.27 23.79
Flaor 1017 1] 267 a [&3] 3 30185 | 27457 | 418752 36.66 B5.22 | 21076.00 | 210760 0 1] 283350 2893
Baze Shear 441.42

{
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Floar Height | Flaar ta Floor ‘w'all Length ‘windward Pressure | Leeward Pressure Trib Area Farce
175.5 131 -4.332 173431 .21
152 13.8 -4.644 1731.94 33.05
152 15 -5.055 1731.94 35.94
132 16.1 -5.4 2112.00 45.41
1532 16.5 -5.634 1731.54 40,20
132 17.4 -5.864 1731.94 4163
152 15 -5.045 1731.94 43.03
152 15.4 -E.21 1731.94 44,10
132 15.3 -6.372 173134 q5.23
1532 13.3 -6.435 1731.54 46,23
132 13.7 -5.624 1731.94 4717
152 201 -B.75 1731.94 4511
152 20.4 -5.855 1731.94 45,54
152 207 -5.966 1731.94 43,55
1532 211 -7.032 2367.94 BE. 76
1532 215 -T.218 2432.06 59,54
160.5 216 -T.254 1437.95 43,22
EBase Shear 773.74
Floor Height Floar ta Floor Wall Length Windward Pressure | Leeward Pressure Triby Area Farce
134.33 13.10 -4.39 1365.73 23.89
13433 15.80 -4 64 1253.70 2312
134.33 15.00 -5.06 1253.70 25.15
13433 16.10 -5.40 1477.63 31.77
134.33 16.80 -5.63 1253.70 28.13
134.33 17.40 -5.87 1253.70 28.17
134.33 18.00 -6.05 1253.70 30.15
134.33 18.40 -6.21 1253.70 30.85
13433 1890 -6.37 1253.70 3168
134.33 19.30 -6.50 1253.70 3234
13433 19.70 -6.62 1253.70 533.00
134.33 20.10 -6.75 1253.70 33.66
134.33 20.40 -6.86 1253.70 3417
134.33 2070 -6.97 1253.70 3468
134.33 2110 -7.0% 1656.69 4671
134.33 2150 -7.22 1701.56 48.87
134.33 21,60 -7.25 1253.70 36.17
Base Shear 553.52

8621GeorgiaAvenue
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Appendix G: Lateral Checks

[ 563F ] 075F] B e M
1757 2341 17550 2633 FEiEZ2
1861 2473 19200 2380 71389
2024 2695 13200 2380 TYE3E
2556 3405 19200 2380 980.81
2263 3015 13200  Z3E0 86333
2347  F2T 13200 2350 90061
2426 3232 13200 2330 43080
2483 3307 19200 2330 95255
2550 3395 13200 2330 97ETF
2603 3467 13200 2380 93353
2656 35353 13200 2350 101883
2703 3503 19200 2330 103325
2750 3663 19200 2330 10S5.04
2791 3718 13200 2380 107084
3753 5007 13200 2330 144135
3332  5235% 13200 2380 150863
2433 3242 16050 2408 TA042

43893 584.81

563*F 0.75*F B e i
13.45 17.52 13433 20.15 361.02
13.02 17.34 13433 20.15 348.44
14.16 18.86 13433 20.15 380.02
17.89 23.83 13433 20.15 480.10
15.83 2109 13433 20.15 425.04
16.42 2188 13433 20.15 440.84
16.97 2261 13433 20.15 455.62
17.57 2314 13433 20.15 466.26
17.84 2376 13433 20.15 478.81
18.21 2426 13433 20.15 48877
18.58 2475 13433 20.15 48874
18.95 25.25| 13433 20.15 508.70
18.24 25.63 13433 20.15 516.43
19.53 26.01 13433 20.15 524.16
26.30 35.03| 134.33 20.15 705.82
2751 36.65 13433 20.15 738.46
20.57 27.13 13433 20.15 546.67
311.63 415.14
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