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XECUTIVE SUMMARY

This thesis report presents and investigates three structural redesign concepts for the

Orchard Plaza office building. First, the initial gravity structure of composite beams and
girders satisfactorily supports the prescribed design loads, but prohibits integration
between the floor structure and HVAC systems. An open web joist system will be used in
attempt to integrate these systems. Cross sections of each system will be taken to

compare the integration of existing HVAC ducts.

Second, the existing eccentric frames nearly perform like moment frames, but require
eleven full building height bays of frames in order to control the building's drift
limitations. A concentrically braced frame system will be modeled and compared
conceptually to a model of the existing lateral system. Since the facade’s architecture
drove the decision to use the original eccentric frames, allowing for windows to be
placed within each bay, architectural implications of using concentric frames will be

analyzed and potential solutions will be presented.

Third, two auxiliary subjects will be explored regarding Orchard Plaza. The building will be
modeled and tested under summer and winter daylighting conditions, as the current
building provides little acknowledgement to solar concerns. Once the buildings shadow
patterns are found, solutions to the various solar scenarios will be investigated and
elaborated upon. A green roof will also be considered for the western half of Orchard
Plaza's roof. Implications regarding system type, loading considerations, cost and
maintenance will be presented along with the benefits of implementing a green roof

system.
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INTRODUCTION

Orcard Plaza is a six-story office structure situated in an urban environment in Southwest

Pennsylvania. The building was completed in December of 2006 and resides on the
corner of a city block one road away from the town’s main thoroughfare. An existing
public parking garage adjacent to Orchard Plaza serves the parking needs of the office

building.

Completed at a cost of $18.5 million, Orchard Plaza totals 144,000 square feet of leaseable
space. The facade is adorned with a limestone, brick and metal panels and is
complimented with green glass windows and curtain wall. The architect's goal for this
structure was to maximize the openness of the floor plan while simultaneously

incorporating ample natural daylighting.

Given it's location in the northeastern United States, a steel structure was determined to
be most economical and best satisfy the desire for an open floorplan and continuous
spread of exterior windows. The building has no concrete or masonry shear walls,

allowing for maximized floor plan flexibility.



EXISTING STRUCTURAL OVERVIEW

FOUNDATION

The foundation for Orchard Plaza consists of a series of grade beams that rest on a total
of forty-one caissons. Slabs on grade of varying thicknesses form the first floor with
expansion joints at structural gridlines and column bases. Details of each foundation

element can be seen below.

CAISSONS

Caissons ranging from thirty to seventy-six inches in diameter secure the columns to
the soil. The caisson notes specify that the caisson depth must extend a minimum of
one foot into limestone bedrock. Longitudinal rebar extends a minimum of ten feet

below the top of each caisson.

Caisson caps serve as column base plate bolt anchors. Their height varies per column.

Details of caissons and caisson caps can be seen in Figures 1 and 2 respectively.
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GRADE BEAMS & SLABS ON GRADE

Grade beams of widths varying from eighteen to thirty-two inches and depths up to
three feet provide a grid of foundation between most columns. Slabs on grade with
expansion joints between grade beams and slabs on grade and between adjacent slabs
compose the first floor (ground floor) of the building. Figure 3 shows the interaction of

the grade beams with the caisson caps/column bases and the slabs on grade.

Figure 4 shows an example of the relationship of expansion joints to the slabs on grade,

grade beams, and column bases.

Figure 3: Grade Beams — S1.00 /\ Figure 4: Expansion Joints — 51.00
Courtesy of STRADA N Courtesy of STRADA



FLOOR FRAMING & TYPICAL BAYS

Typical floor framing consists of beams and girder construction of varying sizes. Figure 7
shows a typical beam and girder layout for the first floor. Floors two through six follow a
very similar design. Beams range in size from W16x31 to W21x44 while girders vary from

W24x68 to W 30x99 with exceptions for both beams and girders surrounding floor

openings.
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Figure 7: First Floor Framing Plan — $1.01
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FLOOR SYSTEM DETAILS

Floors two through five utilize a composite decking system comprised of normal weight
concrete, two inch 18 gauge composite decking, and welded wire framing placed one
inch from the top of the slab. Where exterior brick veneer requires support, deeper
beams run the length of the exterior with 3/8" plate welded perpendicular to of the
beam. A system of HSS tubing, shims, and angle form the brick veneer support while an
angle brace runs up to the beam behind (Figure 8) or is joined directly with a double
angle connection (Figure 9). Similar connections are done for masonry veneer facades

on the lower floors. Some exterior edges also include small cantilevers.
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COLUMNS

All columns rest on caissons or grade beams as described earlier. Column base plates

are typically mounted to caissons with four anchor bolts as shown in gray in Figure 10.

Additional base plates and anchor bolts are added are added for any base joints with

the lateral system (shown in blue in Figure 11).

Column splices occur four feet above the floor slab of the first, third, and fifth floor

unless required to be at a different height to avoid brace connections. Base columns

range from W14x99 on the exterior to W14x257 on the interior. See Appendix A for

column schedule.

11/2" AT /4% BOTS
1 3/4" AT 1% BOLTS

TYPICAL BASE RATE PLAN DETAIL

I = 10"

Figure 10:

Typical Base Place Elevation — S2.02
Courtesy of STRADA
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Y =10

Figure 11:

Typical Base Place Plan Detail — 52.02
Courtesy of STRADA
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LATERAL SYSTEM

The primary lateral load resisting elements are eccentrically braced frames formed from
W-shape beams and HSS tubing. The location of all moment framing elements is shown
in blue in Figure 12 below. The orientation of these frames is distributed relatively
evenly between the north-south and east-west direction to adequately accommodate

lateral loading from all directions.

Figure 12: First Floor Framing — S1.01
Courtesy of STRADA



Pictured below is the left-most frame highlighted in Figure 12 on the previous page. All
eccentric bracing is constructed using HSS tubing and ranges in wall thickness from 4"
to 14", This configuration is used to provide maximum flexibility with glazing placement
on exterior frames and office floor space flexibility within interior frames. Orchard Plaza

contains no concrete shear walls or concrete central core.

13

Figure 13: Line 1 Lateral Frame — 52.01
Courtesy of STRADA



Lateral frame connections are characterized by welded plates at both ends of the HSS
tube, shown in purple, and are welded to columns and girders as seen in Figure 14
below. This connection requires a significant amount of prefabricated welding and field
welding. Stiffener plates must also be added on both sides girder webs at the upper

connection of the HSS tube and respective connection plate.

DETAIL A

W4 = 10"

Figure 14: Interior Lateral Frame Joint— 52.02

Courtesy of STRADA
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CODES & REFERENCES

Structural designs will follow criteria perscribed by the following standards and codes:

o AISC Steel Construction Manual 14" Edition
e ASCE7-10

e International Building Code 2009

e AISC Design Guide 11 for Vibrations

Additional references include:

e Vulcraft Steel Joist and Decking Catalog

e AISC Design Examples

e Steel Joist Institute Catalog

e Reducing Urban Heat Islands: Compendium of Strategies — Green Roof

e \Various imgaes cited within report

15



PROBLEM STATEMENT

After analyzing the gravity system, lateral system, and loading factors the structure of

Orchard Plaza was found to be acceptable under the codes used for design. Since no
critical structural improvements are necessary, the structure will be modified for
aesthetic enhancement and system integration and analyzed to ensure practicality and

cost effectiveness.

The existing floor system is comprised of composite beams and girders. This system is
very viable for material cost control and strength. One downside of this system is that
mechanical and electrical systems must pass below the solid floor gravity system. This
leaves a void of unused space between the floor decking and bottom flange of beams
and girders. An additional dropped acoustic ceiling tile grid is hung below all the

mechanical systems.

As mentioned in the structural overview, Orchard Plaza's existing lateral system s
comprised of six primary eccentrically braced frames. While structurally sufficient, the

frames are not as easy to construct as their counterparts, concentrically braced frames.

To mitigate some of these construction and space utilization concerns, alterations have
been made to the existing gravity and lateral systems. It is believed that concentrically
braced frames will significantly increase the stiffness of the structure, allowing for a
possible reduction in the total number of frames needed. Consequently, having fewer

frames will reduce the cost of the lateral system.

16



PROPOSED SOLUTION

A solution to the integration concern between the floor gravity system and the

mechanical and electrical components is to use an open-web joist system in place of the
existing beams. Joists allow for ductwork and conduit to pass through the depth of the
floor structure. This was done in order to maximize space utilization and integration
between floors. This should allow for the acoustic ceiling grid to be hung slightly higher,

providing a more open workspace.

The gravity system will be modeled using the two typical bay sizes of 42" x 35" and 35’ x
28" to determine if additional girders to control the depth of the joists. With the intention
of raising the acoustic ceiling grid, controlling the depth of the joists is critical. The
column layout is planned to remain the same as the existing structure but column sizes
and strength will be analyzed and modified as necessary. | will attempt to accommodate
all existing HVAC duct sizes and layouts. Based on the orientation of the joists, necessary
openings, spacing, and X-bracing will be provided. The integration of the new floor

structure and existing HVAC system will be presented.

The lateral system was modified to concentrically braced frames to increase stiffness.
This increased stiffness will be used to help convert some of the two bay braced frames
into one bay frames in order to decrease material and construction costs. Individual bays
will be analyzed using RISA to compare structural effectiveness and full height frames will
be analyzed in RAM to determine overall drifts and deflections. The effect of these frames

on the architecture will also be researched with possible solutions provided

17



BREADTH STUDIES

DAYLIGHTING

With the introduction of a new curtain wall system and a much higher amount of
daylight entering the space, an analysis will be performed to determine the natural light
paths throughout the year and proposed systems to mitigate excess sunlight when
necessary. Factors such as glazing type and shading devices, both active and passive, will
be discussed. Once all factors influencing natural lighting on Orchard Plaza are
researched, an ideal systerm will be proposed as well as details for integrating relevant

systems into the space.

GREEN ROOF

It is proposed that a green roof be added to the western side of the building. A vacant
plot measuring 84" x /0" is currently unoccupied by any rooftop equipment and is an
ideal location for a green roof. Structural concerns such as additional rooftop and column
loading will be explored with needed accommodations presented. Logistics such as
drainage, maintenance access, and fall protection will be researched and presented

along with practical solutions.

18



BUILDING LOADS

DEAD LOADS

The dead loads used for Orchard Plaza were derived both from the structural drawings
and from hand calculations. A new 2" non-composite deck was sized and the weight of
the concrete slab system was deterimined from the Vulcraft catalog. The weight of the
existing masonry facade was calculated and applied as a linear load around the perimiter

of each floor of the structure.

Description

Superimposed 12 psf
Exterior Walls 784 pfl
Floor Slab - Level 1 68 psf
Floor Slab - Levels 2-6 68 psf

Roof

LIVE LOADS

Live loads shown below were determined using the design loads from the structural
drawings and verified using ASCE 7-10. For this project, floor live loads were simplified to

100psf of Floor 1 and 80psf of Floors 2-6.

Description Load (psf)

Lobbies & Corridors 100

Office Areas 80

Main Corridors Above Ground Level 80

Electrical & Mechanical Rooms 200

Stairs & Landings 100

Light Storage 125

General File Areas 175 19
Heavy Storage 250

Roof Live Load




SNOW LOADS

Snow loads for Orachard Plaza were taken from the structural drawing’s general notes.
These values were verified using ASCE 7-10. A summary of the factor considered are listed

in the table below.

Description
Ground Snow Load Pg 25 psf
Flat-Roof Snow Load Pt 18 psf
Snow Exposure Factor Ce 1
Snow Importance Factor le 1
Thermal Factor 1
Wind Directionality Factor Kd

WIND LOADS

Wind loads for Orchard Plaza were analyzed in RAM in accordance with Chapter 26 and
27 of ASCE 7-10. Based on an Occupancy category of Il, a basic wind speed of 90mph was
used given the structure’s location in Southwestern Pennsylvania. The structure was
considered as flexible with rigid diaphragms and Gust factors were calculated

accordingly in RAM and verified through hand calculations.

For wind casses, as shown in Figure 15, were considered when applying wind loads to
the structure. Eccentricities and torsional moments were considered for Case 2 and Case
4. Wind pressures for all four cases were calculated and can be found in Appendix A. For
simplification, Orchard Plaza was assumed to be a regular-shaped building. Using
commentary from ASCE 7-10, the applicable Gust Factor was found. Detailed calculations

can also be found in Appendix A.
20
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Figure 15: Design Wind Load Cases (ASCE 7-10 Figure 27.4-8)

Figure 16 and 17 show the total combined wind pressures (Windward+Leeward) and

resulting shear forces applied in the North-South and East-West direction respectively.

The North-South direction results in a larger base shear. This is logical as the North and

South faces are larger and consequently experience a higher wind load.

Wind Force Shear Force
71k Roof (115'-2")
71k
e—
69 k Floor 6 (101’-2")
140 k
PR
67 k Floor 5 (87'-2")
208 k
———
65 k Floor4 (73'-2")
) 273 k
e
63 k Floor 3 (59’-2")
335k
e
59k Floor 2 (45'-2")
395 k
l————
74k Floor 1 (27'-2")
469 k
le———
Ground (0’-0")

Figure 16: Story Forces and Shear
(North-South)

Wind Force Shear Force
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48k
—
47k Floor 6 (101-2")
96 k
| g
46 k Floor 5 (87'-2")
142
fe——
45k Floor 4 (73'-2")
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e
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|o———
40k Floor 2 (45’-2")
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}ore—————
51k Floor 1 (27°-2")
320 k
o0
Ground (0"-0")

Figure 17: Story Forces and Shear
(East-West)



SEISMIC LOADS

Seismic analysis of Orchard Plaza was completed through referencing Chapter 11 and 12
of ASCE 7-10. The geometric footprint of the building was assumed to be identical in the
North-South and East-West direction. First, each floor and ultimately the entire building
weight was founding using the dead loads applied to the structure. Next, the Equivalent
Lateral Force Procedure was used to determine the total base shear incurred at the
ground floor (0-0") and ultimately redistributed to each floor as seen in the table below. A
total base shear of 367/ kips and total overturning moment of 29248 foot-kips was

calculated.

Overturning
Level hx (ft) hx~k (ft) | wx (k) Cvx wx*hx~k | Fv(k) Moment (ft-K)
1 27.17 34.69 1646.4 0.0578 |57114.66 21 577
2 45.17 59.88 1646.4 | 0.0998 |98592.61 37 1656
3 59.17 80.03 1646.4 | 0.1333 |131756.6 49 2897
4 73.17 100.53 | 1646.4 | 0.1675 |165511.8 62 4502
5 87.17 121.33 | 1646.4 | 0.2021 |199751.3 74 6472
6 101.17 142.37 1646.4 0.2372 | 234401.8 87 8816
Roof 115.17 | 163.64 617.4 0.1023 | 101028.8 38 4328
Total 988157.6 29248
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LOAD COMBINATIONS

Listed below are the thirteen load combinations considered for analysis per ASCE 7-10

section 2.3.2.

1. 14D

2. 12D+ 16L+05(orSorR)

3. 12D+ 16(LorSorR) + L

4. 12D+ 16(LorSorR)+ 05W,

5 12D+ 16(0rSorR)+0.5W,

6. 12D+ 10W,+L+05(00orSorR)
/. 12D+ 10W, +L+05(LorSorR)
8 12D+ 10E+L+02S

9. 12D+ 10E,+ 1L +02S

10.09D + 1.0W,

11.09D + 1.0W,

12.09D + 1.0F,

13.09D + 1.0,

Considering both the X and Y direction, it expected that the Y direction will control for
wind as wind from the Y direction induces a greater base shear. The roof live load is

greater than the snow load and will control all (L, or S or R) scenarios.

23



GRAVITY SYSTEM REDESIGN

OPEN WEB JOISTS

After exploring three alternative floor systems, an open web joist system was determined
to be the most practical alternative to the existing composite beam and girder gravity
system. Open web joists were chosen for their flexibility with MEP systems, allowing ducts
and conduit to pass through the depth of the structure instead of having to pass

underneath as seen in Figure 18.

Concrete Slab

Welded Wire Fabric

Figure 18: http://theconstructor.org/structural-engg/composite-steel-joists/5895/

The existing column layout was planned to remain unchanged so long as joists meeting
deflection and vibration criteria while simultaneously meeting the goal of elevating the
acoustical tile ceiling. Joists and gravity columns were modeled using RAM and program

sizes were verified by hand calculations found in Appendix B.

24



The area of concern for using joists is the 42" by 35" typical bay shown below in Figure 19,

where the joists must span 42 feet. In keeping with the goal of raising the acoustic tile
ceiling, the depth of the joists was restricted to 28". Floor 1, with the higher live load of
100psf, was used for analysis as upper floors with lighter loads are assumed to meet the

criteria determined from Floor 1.

N N— I

35/-0"

I 28LH1T Joist Figure 19: Typical 42" x 35" bay — Floor 1

B W30x108 c=1/2"

Nine open web joists per bay are supported by wide flange girders that mimic the
original girder plan. Under an 80psf dead load, 100psf live load, and 28" depth
restriction, RAM determined that a 28L.H11 joist and W30x108 girders with a 2" camber
was acceptable by code. Identical sizing and camber was found to be acceptable

through hand calculations in Appendix C.

25



VIBRATIONS

Once an acceptable joist and girder design was found, vibration was the next criteria of concern.
Since Orchard Plaza serves only as an office building with no sensitive equipment, vibrations due
to walking was the only vibration criteria considered. Design Guide 11 published by the American
Institute of Steel Construction was cited for verifying that the new floor system was acceptable for
vibration considerations. Using the criteria listed below, the new floor system passes for vibration

control. Full calculations can be found in Appendix D.

Given:

e 28LH11 Joist spaced at 3-11"on center with 2 14" joist seat
e 2" non-composite deck with 4 12" normal weight slab

e W30x108 girder with 350" clear span

e 80psf dead load + 100psf live load

o 65e(—035)(0.005)

2= 5003 Gomazey = 0-0035 < 0.005 v

26



3 6IA

HVAC INTEGRATION

The original floor system of composite beams and girders required the acoustic tile
ceiling be hung 36" below the finished floor surface of the floor above. Auxiliary ducts
running perpendicular to the central duct must pass underneath the beams, while the
joists allow for 8" round ducts to pass directly through the depth of the structure. Shown
below in Figure 20 are identical 30" x 18" main and 8" wide auxiliary ducts that service the
office’s open floor plan. While not a drastic change, it is proven that the goal of
integrating the MEP systems with the open web steel joist construction was achieved

with and the ceiling can be raised.

1

30” x 18” 30" x 18

Figure 20: HVAC Interaction Comparison
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LATERAL SYSTEM REDESIGN

When considering how the lateral force-resisting force system of Orchard Plaza could be

improved to be a more efficient use of materials, a change from eccentric braced frames,
which perform almost as moment frames, to concentrically braced frames was deemed
most appropriate. Changing to concentrically braced frames, which are fundamentally
much stiffer, would also allow for the removal of several frame bays while maintaining the
necessary drift control. In keeping with the architect’s intent of providing an open floor
space with an uninterrupted array of windows on the facades, concrete shear walls were
not seen as a practical solution. Changing to concentrically braced frames, which are

much stiffer, would also allow for the removal of several frame bays.

RAM ANALYSIS

Both the existing and proposed lateral force-resisting system was modeled using RAM. To
eliminate variables between the results of each model, the new steel joist and girder
gravity system was held constant between the models. When modeling the new lateral
system, frame bays were eliminated one at a time and the new model was reanalyzed for
story drifts. Interior frames were eliminated first in order to maintain a center of rigidity as
similar as possible to the original structure. The table below shows the slight change in
the center of rigidity with the reference point taken from the southwest corner of the
structure. Each story COR was averaged to find the average overall COR. RAM output can

be found in Appendix E

Eccentric
Concentric

28



Figure 21: Eccentric Lateral Frames Figure 22: Concentric Lateral Frames

Figure 21 shows the original eleven full-height eccentric frame bays as compared to the
final five full-height concentric frame bays in Figure 22. Figure 23 below shows the new

concentric frames in orange. The resulting center of rigidity is also indicated in purple.
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Figure 23: Concentric Lateral Frames — Plan View



RAM MODEL OVERVIEW

Figures 24 and 25 below show an overview of the RAM model used to model the new
concentric framing system. Lateral elements are shown in red and gravity elements in

blue. The deck and slab was hidden to show the joists in detail. A larger model including

decking and slabs is located in Appendix E.

Figure 24:
RAM Model — Northwest Corner

Figure 25:
RAM Model — Southeast Corner
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SYSTEM UTILIZATION

In order to effectively compare the material efficiency between the eccentric and
concentric lateral systems, member sizes remain identical across the two systems. Exact
sizes and properties from the original structure were used for this analysis. The west-rmost
frame for both systems was analyzed individually to prove that a single width frame
utilizes the bracing capacities similarly to the two-bay width eccentric frame. While more
braces in the eccentric of Figure 25 frame utilize the members better, an economic gain
is made in both material and labor costs through only having to construct the single

width concentric frame in Figure 26.

Member

Utilization

Figure 25: Eccentric Frame Utilization Figure 26: Concentric Frame Utilization
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STORY DRIFT

The primary criteria used to prove the efficiency and effectiveness of the lateral system
redesign was story drift. Using the loading combinations presented earlier, it was found
that even with less than half of the frame bays, eliminating six total, the structure still
gained significant stiffness as seen in the comparison below. RAM output of drift values is

located in Appendix E

Worst Load Case Drift

Eccentric 3.28in.
1.52in.

Concentric

ARCHITECTURAL IMPACT

Architecture was the driving force behind the
initial design to use highly eccentric frames.
Without shear walls and the desire for
uninterrupted glazing, an eccentrically braced
lateral system allows for windows to be

placed within each bay of every frame. The

decision to place the west-most frames at a

Figure 27: Southeast Curtain Wall

corner stemmed from the existing curtain
found on the southeast corner of Orchard Plaza as seen in Figure 2/. A matching curtain
wall could wrap around the concentric frames while maintaining the uninterrupted
glazing. A solution to other frames centered on its respective wall section could

implement a single curtain wall strip the full height of the structure. The eastern most
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frame, not being centered, could use a row of faux windows to not interrupt the facade

continuity.

STRUCTURAL REDESIGN SUMMARY

The alternative gravity system of non-composite open web steel joists with wide flange
girders has been proven as a successful alternative to the existing composite steel beam
and girder design. A 2" non-composite deck with 4 12" slab substantially satisfies strength
requirements but also achieves the necessary two-hour fire rating required by code.
Additionally, all joists require spray-on fireproofing to maintain a two-hour fire rating.
Integration of the HVAC system with the joists, while only minimally allowing for a higher
ceiling, does achieve this goal. RAM proved to be a very effective tool in determining the
size and depth of my joists, while all output was checked by hand only to result in

identical sizing for verification.

Switching from highly eccentric braced frames to concentrically braced frames proved to
be a highly efficient alternative that not only allowed from a total frame bay reduction
from eleven to five, but reduced cumulative story drift from over two inches to less than
one inch. By requiring fewer bracing members, both raw material costs and labor
installation costs are directly reduced. Conversely, a concentric lateral framing system
creates an architectural challenge in which solutions to best satisfy the architect's goal of

both an open floor space and uniform glazing elements were explored and presented.
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DAYLIGHTING BREADTH

Orchard Plaza currently has very few elements that take advantage or help redirect

sunlight entering the office space. In order to better understand the interaction of
Orchard Plaza's facade during various times of the day in both January and June, a model

was produced to aid in visualizing the shadows produced.

JANUARY

During the winter solstice, when sunlight angles are lowest on the horizon and most
direct into the office space, the south facing wall experiences several hours of

penetrating sunlight while the North and West facing walls are continually shadowed.

Figure 28 below verifies these statements.

-

9 AM 12 PM 4PM

Figure 28: Winter Solstice Shadows
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JUNE

In June, the building experiences its most direct sunlight in the morning from the East. Al
other walls receive high angle sunlight but this light does not deeply penetrate the space
as seen in January. The North and West facing walls continue to see no direct sunlight.

Figure 29 below expresses these findings.

12 PM 4PM

- W

Figure 29: Summer Solstice Shadows
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PROPOSED IMPROVEMENTS & SOLUTIONS

During the summer, the office space is most
efficiently shaded from high-angle sunlight using
horizontal shading shelves cantilevered off the
structure at the top of each window. Shown in
Figure 30, these shelves would be most
appropriately placed on the South facing wall,
and additionally on the East wall for architectural
continuity. Direct sunlight entering the east wall
is not effectively mitigated through permanent
architectural elements, therefore permanent

blinds or fritted glass would be required.

In winter months, similar to eastern morning sun
in the summer, the low sunlight angles make
shading very difficult  using  permanent
architectural features. Operative blinds would be
the best solution when sunlight is penetrating
the South wall. In the morning and evening,
when sunlight angles are low but not
perpendicular to the South wall, Vertical shading
fins similar to those in Figure 3Twould shade
glazing from low angle light in the morning and

evening.

i |
: mm‘v'thﬂ

Figure 30: Horizontal Light Shelves
http://levolux.blogspot.com/2012_02

Figure 31: Vertical Shading Fins

http//www.angarch.com/products/

brise-soleil_01_archive.html
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GREEN ROOF BREADTH

For a second breadth study, a green roof was explored for the 84" by 70" green

highlighted space shown in Figure 32. It was determined that an extensive green roof,

thatis, a low profile and self-sustaining would be most suitable for this structure. With the

roof remaining an unoccupied space, and Orchard Plaza being one of the tallest

structures in the town it resides in, there is no need for a garden-like intensive system for

visual appeal.

0 "\""""""'

A 4

----------------------------------------------------------------------------------------------------------

.............

Figure 32: Roof Plan & Green Rood Location
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LOADING IMPLICATIONS

The addition of a green roof substantially increases not only the roof dead load of the

structure, but OSHA required safety anchor posts for roofs with low or no edge wall for
fall protection could potentially induce an impact load to the roof structure. Given a
green roof system the averages 30psf, an additional resulting axial load increase of 1/6.4
kips is applied to column B-2 in Figure 32. The additional dead load would also amplify

seismic effects of the roof given its 115" height from ground level.

A typical roof anchor post suitable for direct
attachment to roof decking, seen in Figure 33,
requires an activation impact load of 1000lb and can
support a person weighing up to 310lb. While required
by code, it is critical that these posts, which permeate
the weatherproofing of the green roof system, must be
sealed to ensure no moisture can enter through to the

roof deck. Product details are located in Appendix F. R EN T ETNCE)

COST & MAINTENANCE

Citing Reducing Urban Heat Islands: Compendium of Strategies, an extensive green roof

installation is estimated at approximately $20 - $25 per square foot. Therefore, an 84" by
/70" plot would cost roughly$117,600 to $147,000. Maintenance for extensive systems is
very low, so rooftop checks could be done simultaneously with other roof-top
mechanical checks and maintenance. Overall, a small green roofing system, while
requiring an initial investment, would insulate the building over the life of the structure to
reduce heating and air conditioning costs while requiring very little additional labor to

maintain.
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CONCLUSION

To evaluate the success of the structural design goals proposed and researched in this

report, each goal is listed below along with a respective evaluation of their success.

Goal 1: Design an open-web steel joist gravity system that allows for the integration of

HVAC systems and thus allows for the acoustic tile ceiling to be raised.

e Through the use of RAM structural design backed up by hand calculations, an
acceptable 28" steel joist that meets vibration criteria was found to span a clear
span of 42'. While minimal, it was proven that an integrated gravity and HVAC

systermn would allow the ceiling in the office to be raised 5",

Goal 2: Propose a concentric lateral system that simultaneously decreases the number of
frame bays needed, thus reducing material and construction costs, while maintaining

story drift limitations.

e This goal was met with great success as the number of frame bays was reduced
from eleven to five. Even with less than half of the frame bays remaining, as

expected, the concentric frames increased the building stiffness by over 200%.

Goal 3: Provide architectural solutions for integrating the new concentric frames as they

will disrupt the facade’s glazing configuration.

e Placing two frames perpendicular at the southwest corner to encourage a
matching corner curtain wall was the best solution to this structural integration
concern. Curtain wall strips where frames are centered on the wall would maintain
symmetry and be a fair architectural compromise. The east-most frame that is not

centered still remains of concern and merits an improved solution.
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APPENDIX A

WIND PRESSURES

2 - g2 psh) Trib. Area Force (k) Story Shear| Overturning
(psf) (psf) (sf) (k) Moment (ft-k)

1 27.17 0.57 16.74 10.04 9.54 -9.81 3840 74 469 2011
2 45.17 0.61 16.74 10.75 10 -9.81 2987 59 395 2673
3 59.17 0.71 16.74 12.51 11.15 -9.81 2987 63 335 3704
4 73.17 0.79 16.74 13.92 12.06 -9.81 2987 65 273 4778
5 87.17 0.85 16.74 14.98 12.75 -9.81 2987 67 208 5878
6 101.17 0.91 16.74 16.03 13.43 -9.81 2987 69 140 7021

2987 71 71 8139

2 ah g2 (sh) Windward | Leeward |Trib. Area Force (K) Story Shear | Overturning
(psf) (psf) (sf) (k) Moment (ft-k)
1 27.17 0.57 16.74 10.04 9.64 -9.92 2592 51 320 1386
2 45.17 0.61 16.74 10.75 10.11 -9.92 2016 40 270 1825
3 59.17 0.71 16.74 12.51 11.27 -9.92 2016 43 229 2527
4 73.17 0.79 16.74 13.92 12.20 -9.92 2016 45 186 3263
5 87.17 0.85 16.74 14.98 12.90 -9.92 2016 46 142 4010
6 101.17 0.91 16.74 16.03 13.60 -9.92 2016 47 96 4795

14.07

-9.92

2016

48

48

5574
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GUST FACTOR CALCULATIONS
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Wind Loads Cont.
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APPENDIX B

GRAVITY CHECK = JOISTS — FLOOR 1
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GRAVITY CHECK - JOISTS - ROOF

Gravidy Check - Joists  (Roof )

@ ©
O - - 25 pf srow load
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¥ e
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GRAVITY CHECK - COLUMN

Grovdy Check = Column (Floor 1)

B 2 ‘ - I ¥ + Use (WIS [ sine
® H A, = H2'x35" = |u70.f

Rouf lood = (304F devd + 30 10X 1470) = 93,2
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APPENDIX C

GRAVITY CHECK — GIRDERS
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APPENDIX D

VIBRATION CRITERIA
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APPENDIX E

ECCENTRIC CENTER OF RIGIDITY

—Armdenric Civense, Sor For Conmmmercin TR

Center of Rigidity

' RAM Frame v14.05.03.00
""" DataBase: Eccentric

O4/06/14 22:16:18

CRITERIA:
Rigid End Zones: Ignore Effects
Member Force Output: At Face of Joint
P-Delta: Yes Scale Factor: 1.00
Ground Level: Base
Mesh Criteria :

Max_ Distance Between Modes on Mesh Line (ft) : 4.00
Merge Node Tolerance (in) : 0.0100
Geometry Tolerance (in) @ 0.0050

Walls Out-of-plane Stiffness Not Included in Analysis.

Sign considered for Dynamic Load Case Results.

Centers of Mass

Centers of Rigidity
Level Diaph. # Tvpe Xr Yr Xm
ft fit ft
ROOF 1 Rigid 100.66 54.76 119.89
SIXTH 1 Rigid 103.96 56.62 120.99
FIFTH 1 Rigid 103.65 57.64 120.72
FOURTH 1 Rigid 103.94 58.65 120.89
THIRD 1 Rigid 102.42 59.96 121.34
SECOND 1 Rigid 09.13 61.81 120066
FIRST 1 Rigid D0.85 6532 119.81
Story Lateral Stiffness
Level Diaph. # Tyvpe KX
kips/ ft
ROOF 1 Rigid 338403
SIXTH 1 Rigid 4281.74
FIFTH 1 Rigid 454474
FOURTH 1 Rigid 5127.91
THIRD 1 Rigid 3216.14
SECOND 1 Rigid 4603.29
FIRST 1 Rigid 1760.13

Ym
fit
53,80
5384
54.47
34.65
35.62
56.20
5549

KY
kips/ ft
2375.12
4088.42
4659.64
5504.14
6481.93
5425 89
9514.47

53



CONCENTRIC CENTER OF RIGIDITY

—Aradenric Civense, SNot For Conmmmerc i e

Center of Rigidity

' RAM Frame v14.05.03.00
""" DataBase: Concentric3

0406414 23:06:24

CRITERIA:
Rigid End Zones: Ignore Effects
Member Force Output: At Face of Joint
P-Delta: Yes Scale Factor: 1.00
Ground Level: Base
Mesh Criteria :

Max. Distance Between Modes on Mesh Line (ft) : 4.00
Merge Node Tolerance (in) : 0.0100
Geometry Tolerance (in) @ 0.0050

Walls Out-of-plane Stiffness Not Included in Analysis.

Sign considered for Dynamic Load Case Results.

Level

ROOF
SIXTH
FIFTH
FOURTH
THIRD
SECOND
FIRST

Level

ROOF
SIXTH
FIFTH
FOURTH
THIRD
SECOND
FIRST

Diaph. #

o e

Diaph. #

o e

Type

Rigid
Rigid
Rigid
Rigid
Rigid
Rigid
Rigid

Type

Rigid
Rigid
Rigid
Rigid
Rigid
Rigid
Rigid

Centers of Mass

Centers of Rigidity
Xr Yr Xm
ft ft ft
92.29 50.00 125.69
03.88 5212 119.38
96.03 54.85 11928
98.26 57.28 11936
100.72 59.70 119.58
102.37 60.75 118.70
102.73 60.82 118.87
Story Lateral Stiffness

KX

kips/ fit

11391.61

1623930

19122.90

27700.74

32360.50

3505037

2038265

Ym
ft
5432
5288
53.08
53.20
5368
53.90
54.26

KY
kips/ ft
6291.37
9404 00

11494.65
1687145
20657.14
2241324
12736.32

54



RAM ECCENTRIC DISPACEMENT

b‘.1| B Frame v 14,0503 00
[raaBaze: Feoemtric
Building Code: [BC

(D614 22:06:18

—Armirmir e N o Commrerria e
CRITERILA:

Rigid End Zones: Ignore Effects

Member Force Cutput: Al Face of Joing
P=Diedra: Yes Scale Factor: 1.0uk
Ciround Level: Base

Mesh Criteria &

Max. Distance Between MNodes on Mesh Line (fi) : 4.00
Merge Mode Tolerance (in) @ (0100
Gieometry Tolerance {in) : (U050

Walls Out-of-plane Stiffness Mot lncleded m Analysis.

Sign consudered for Dynamde Losd Case Resulis.

LOAD CASE DEFINITIONS:

I DeadLoad RAMLUSER

Lp PosLiveLoad RAMLUSER

Rifp PosRoofLiveLoad  RAMUSER

Wi WIND Wind_ASCETIO_I_X

w2 WIND Wind_ASCETI0_1_Y

W3 WIND Wind_ASCETI0_2_X+E

W4 WIND Wind_ASCETI0_2_X-E

Ws WIND Wind_ASCETI0_2_Y+E

Wé WIND Wind_ASCETI0_2_Y-E

W7 WIND Wind_ASCETI0_3_X+Y

WH WIND Wind_ASCETI0_3_X-Y

Wo WIND Wind_ASCETI0_4_X+Y_CW
Wit WIND Wind_ASCETI0_4_X+Y_CCW
Wil WIND Wind_ASCETI0_4_X-Y_CW
Wiz WIND Wind_ASCETI0_4_X-Y_CCW
El SEISMIC EQ)_ASCETIO_X_+E_F

E2 SEISMIC EQ)_ASCETI0_X_-E_F

E3 SEISMIC EQ)_ASCETIO_Y +E F

E4 SEISMIC EQ)_ASCETIO_Y -E_F

Level: ROOF, Diaph: 1

Center of Mass (fi: (11959, 53.30)
LdC Disp X Disp ¥
in in
D 011520 ~0L0R342
Lp 011016 <0000
Rip 0.00674 027
Wi 2227350 03T
w2 0.02240 I.R226
W3 164713 00, 100
W 1.6EA32 04428
WA 0.06176 TRASIR
W (02815 2 IaR22

Theta £

HEETT
HEETT
M
=000 24
(0000 1
=005
000018
0121
=0 (05D
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RAM CONCENTRIC DISPLACEMENT

bt'1| RaM Frame v 14,0503 .00
DataBase: Concentricd

614 23:34:16

Building Code: [BC

CRITERLA:
Bigid End Zones: Ignore Effecis
Member Force Outpur: Al Face of boing
P-Dielia: Yies Secale Factor: 1w
Ceround Level: Base
Mizsh Criteria @
Max. Dismnce Berween Modes on Mesh Line (fit): 4.00
Merge Mode Tolerance (in) @ 000100
Cieometry Tolerance (in) @ 000050
Walls Out-of-plane Suffness Mot Included in Analysis.
Sign consgudered for Dymamic Losd Case Resulis,

LOAD CASE DEFINITIONS:

I DeadLoad RAMLUISER

Lp PosLiveLoad RAMLUSER

Rip PosRoofLiveLoad — RAMUSER

Wi WIND Wind_ASCETI0_1_X

W2 WIND Wind_ASCETIO0_1_Y

W3 WIND Wind_ASCETI0_2?_X+E

Wd WIND Wind_ASCETI0_2_X-E

Ws WIND Wind_ASCETI0_2_Y+E

Wé WIND Wind_ASCETI0_2_Y-E

W7 WIND Wind_ASCETIO_3_X+Y

Wh WIND Wind_ASCETIO0_3_X-Y

Wo WIND Wind_ASCETI0_&_X+Y_CW
Wit WIND Wind_ASCETI0_4_X+Y_CCW
Wil WIND Wind_ASCETI0_4_X-Y_CW
Wiz WIND Wind_ASCETI0_4_X-Y_CCW
El SEISMIC EQ)_ASCETIO X +E_F

E2 SEISMIC E()_ASCETI0_X -E_F

E3 SEISMIC EQ)_ASCETIO Y +E_F

E4 SEISMIC EQ)_ASCETIO_Y -E_F

Level: ROOF, Diaph: 1
Center of Mass (ft):  (125.69, 54.32)
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APPENDIX F

Encrgy Absorbor: Stoal
Intemal W C Stailess Stoal
Tep and Sotom Post Plates: Ancdied Cast Alimirun
SeamyWood/Matad Sase Place: Twodayer Zing/PowdarLoated Steel
Pest Tube: Zine/PowdenCoated Stoel
PesyBase Plata Seat HDPE
Pest Cap: Vil wiUV Ishidior
C tion Comp Material:
SKU — '-9'.3“' "'g'“ ’“s'."“ Seam Anedizod s Steal
Exsander Ear for Standing Seans: Ancdied AliminunVSainkiss Steel
X10000 Bon Tor Miatal Shoathi Vot Dip ™
AM. N Hardwars for Membrane: Zine Placed
X1e0a1 25in Harwars for Veog Zine-Flated Steel
Xvwem 1525 in fnan Harowara for Concrate: Staisless Stoal
. (%7 ) 2o, 0in.
X10050 FS9ma) (42 Port.
[P anin Activation Feeea: 1000 Bs. 4.4 kN
X1931 229 ey Masinem Cagaciny. 310 Bs. (1405 kgl
155 in. - TTY 356 ..
et 1298 ewnd 0 ) [
Fusion Roof Anchor Post
SKuU Description Designed to Accomodate
1 STANDING SEAM ROOFING = inciodes post with base and ] Rir
X100 Small base Stanging saam spacing from 11.75 . (255 mom) w0 17 in (432 e
X100 Large base Stanfing saam spacing from 11.75 in. (258 miw) 2125 in. (540 mm)
X102 Large base & astension baes Standing saam spacing from 1175 in. (255 mve) 00 24 in. (510 ey}
¥ METAL SHEATHING ROOFING = lnclades post with base aod rivet kR with sealing washers sad mastic lipe
X1009 Small base Metal 9 thickness of 24 gauge RO is. 051 sy
x10001 Large base Metal shaachy of 24 gauge L0 in. 05T menjl Trapezcidal spacing of

%in. (A1 e/t 20 . (558 mvn) in ona-isch (25,4 mn/incsemants.

U MEMBRANE /BUILT-UP ROOFING = lnciudes post with base and toggle bair kit

X100 Up 1o 55 in. (140 monf thickness Fasians through membrane, insuagon & into metal shaating, wood shaahing or concretd
with a of up 10 55 in (149 mwm)
X001 > 550, (140 mm) & up 10 105 in. (257 o) thickness Fastans through & imo metal wood gor

‘with 2 combined thickness of >5.5in. mo-wnpma.sm'mm

o WOOD SHEATHING (TEMPORARY INSTALLATIONS ONLY) = Inclades past with base and lag screw kit

X10090 Weod ] Plywood with mirimum thickness of 58.in. (7155 oy COX
© CONCRETE ROOFING » bise and W Dait snchor kir
X005 Conzrate decking with of§5 in. (1S5 mm) & mininom concrate compeessive

strangth of 3000 PS| (207 MPa)

¥ MULTPURPOSE METAL SHEATHING, WOOD AND CONCRETE ROOFING (NO HARDWARE INCLUDED)
= lnciodes post with base. Havdwire selection is based an he applicetion. See instruction menval far bardware specificatioes.

X000 Matal sheathing, wood of conerute « Matal shaathing wiminimum thickness of 24 gauge (80 ie. [0.5) mn)

Trapexoidal spacing of B in. (203 mm)oo 20 in. (508 matf in coesinzh (254 mer/incroments.
Plywood with misimem Bickness of ¥8<n. (159 an)CDX

Cencrate dacking with minimun thickaess of £5 in. (165 mm) & minimem concrote
comprassies strangth of 3000 PSI (20.7 MPa)

.

Meets or exceeds all applicable industy standards including OSHA, ANSI A10.32 and Z359.1-2007.

A\ s oqupment shoald oy be ased atier reasing the (] Favare ro folow coakd resul (0 serioas iywy o fAataly
Lm P> Ask the Expert ... Ask Miller.
www.millerfaliprotection.com
by Honeywell

Honeywell
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