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University Academic Center

General Information Project Team

Function: Mixed use (A-3, B, M, S-1) Owner: Multiple Universities
Size: 192,000 sq. ft. General Contractor: Skanska USA
Height: 72 ft. Architect: Cannon Design

Constructed:  September 2005 — August 2007 Structural Engineer:  Columbia Engineering
Project Cost: ~ $55.7 million Mechanical/Electrical Engineer: Cannon Design

Architecture

= 3 wing building containing 45 classrooms, over 120 offices, full
kitchen dining service, a bookstore, and library resource center : - ‘,.l 7777/

= Varying fagade using glass curtain wall, metal panels, brick, stone, — “-“r""-” o
and glazed CMU ‘, froreeers

= Highly sustainable design incorporating solar shading, low-E coated

glass and accessible roof gardens to achieve a LEED Gold rating

Structural MEP

= Slab on grade foundation and =  Demand ventilation with occupancy sensors to
spread footings minimize energy consumption

= Steel framing using mainly = VAV systems both with and without reheat used
wide flange members = 277/480V 3 phase - 4 wire system

= Concentrically braced framing = Majority of lighting consists of fluorescent and compact
for lateral support fluorescent in interior with metal halide on exterior

= Floor system is mostly = Building is protected by a fully automatic wet-pipe
composite decking using LWC sprinkler system

Alexander Altemose Structural Option

http://www.engr.psu.edu/ae/thesis/portfolios/2013/akaS074/index.html
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Executive Summary

The University Academic Center was designed as a composite steel structure with
braced frames. It houses all elements of a typical education center including classrooms,
staff offices, a library, dining facilities, and fitness center. The building has three main
wings and multiple roof levels including a roof garden. This report will focus in on the
south office wing and its redesign as a concrete structure separated from the main building.

In the beginning of this process of redesign, the office wing presented itself as the
best choice for a concrete structure. It had relatively repeatable floor plans which could
save on formwork costs. This also made reinforcing layouts more uniform throughout since
each floor saw similar loading. When considering architecture, the floor plan of the office
wing was also compatible with a concrete redesign where the new column locations did not
interfere drastically with any of the spaces.

Overall this redesign consisted of a one-way pan joist floor system with an ordinary
moment frame system to resist lateral forces. All concrete used on for this redesign was
5000psi except for the foundations which kept the 4500psi noted in the construction
documents. Joists and beams were designed 20” thick cast integrally with the 5” slab,
totaling a 25” overall depth. This floor system was repeated on all floors and roof for sake
of time. Columns were also all designed the same with a 24”x24” section and (12)#8
vertical bars as reinforcement. Together these members resisted the calculated wind and
seismic loading with seismic controlling most of the design.

The added weight of concrete versus steel created several issues, one of which was
column line L-2 (referenced in both the ETABS and RAM models used in this report)
located above the exterior walkway. This was corrected by a 36” deep beam spanning
across the walkway that took the load from the columns above into the foundations.
Another issue was the increased demand on the foundations requiring a redesign. This was
done using RAM Foundation with spot checks to determine validity of results. Foundation
sizes increased but were still reasonably sized so spread footing could still be used
effectively.

In addition to the structural depth, two breadth topics were discussed. The
construction breadth focused on the cost and scheduling concerns with the redesigned
concrete structure. This resulted in the concrete system costing less but construction time
being considerably longer than that of the original steel. For that reason the steel system
was determined the more preferable design.

The other breadth, a lighting redesign of a computer lab located on the 2 floor of
the office wing, focused on changing the current recessed lighting to a pendant lighting
design as an alternative. This redesign reduced the number of fixtures, which also reduced
the power consumption, while maintaining a recommended illuminance value of 30
footcandles.

University Academic Center
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Introduction

Located in the eastern United States, the University Academic Center is a 192,000
square foot building designed to house a library resource center, dining area, 45
classrooms, and over 120 offices. Other key features include a 5-story atrium and multiple
roof gardens.

The layout of the building consists of three main sections. The northern 3-story
section contains mostly dining and classroom areas. In the center of the building, a 4 story
section houses the library and the majority of classrooms, as well as acting as the main
entrance. The southern end of the building consists almost entirely of office spaces. On
either side of the center section are the vertical circulation cores which also provide access
to the roof gardens.

There are 4 main types of building facade incorporated in this building. The 3 and 5
story sections of the building have a brick fagade with cast stone bands running
horizontally across the brick surface. Glass curtain walls are used in the vertical circulation
located on either side of the 4-story section. The 4-story section’s facade is mostly metal
panels. There is also glazed CMU used to accent the other fagade types at various places.

By implementing multiple energy saving techniques, University Academic Center
holds a LEED gold rating. This includes energy efficient HVAC equipment and the use of
natural daylighting, as well as shading devices, to help minimize energy consumption. All
these features, along with the roof gardens, provide a “green” learning environment. LEED
credits were also gained through site design to minimize storm water runoff, use of
recyclable and local materials, and the addition of bike racks and on site showering
facilities to promote alternative modes of transportation.

University Academic Center _
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Structural Overview

The University Academic Center is a steel framed building with composite metal
decking supported by a foundation of spread footings and slab-on-grade. The building
resists lateral forces by a combination of braced and moment frames.

Foundation

Based on the 2002 geotechnical report taken, footings for University Academic
Center are designed for an allowable bearing capacity of 3,000 psf. Footings are placed on
undisturbed soil or on structurally compacted fill. The bottoms of exterior footings are a
minimum of 2’-6” below grade to protect against freeze-thaw affecting the foundations.

Slab-on-grade sits on a coarse granular fill material compacted to 95% of maximum
density as defined by ASTM D1557 modified proctor test. The slab-on-grade is designed as
5” thick concrete reinforced with 6”x6”, W1.4xW1.4 WWEF. This is the reinforcement for all
slab-on-grade except for the area located under the library stacks which is 6” thick concrete
reinforced with 2 layers of 6”"x6"”, W2.1xW2.1 WWF to account for the increased loading in

this area.
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The columns in the University Academic Center bear on piers ranging in size
depending on loading and connection type. The piers come in 4 configurations: 4, 6, 8, and
12 vertical bar reinforced piers based on axial load taken from the columns above into the
footings. Footings also range in size under the columns with a maximum 19'x19’, 34” deep
footing under a single column. Foundations also include continuous footings around
perimeter walls and combined footings.
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Floor and Roof Systems

The University Academic Center uses a composite metal deck flooring system. This
includes 2” composite 20 gage deck with ribs 12” o.c. and 1.5” type B, wide rib 20 gage
deck. All metal deck is designed to be continuous over 3 spans. The floor system also
includes shear studs and lightweight concrete topping varying in thickness based on
location and loading.

Roofing systems also vary due to some areas like the roof gardens and mechanical
spaces of greater loading. Decking for roofs includes both 2” composite 18 gage deck with
ribs 12” o.c. and 1.5” type B, wide rib 20 gage deck, covered by a built up roof and rigid
insulation.

#4 CONTINUDUS
TACK WELDED AT 3'-0%0.c. MAX.
TO STUDS

———— f4xB'-0"LONG AT 16°c.c., AT ALL GIRDERS
PARALLEL TO SPAN OF DECK

TYPICAL FLOOR AND ROOF BEAM AND GIRDER DETAL /1

3501

Drawings provided by Skanska
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Framing System

The framing system for the University Academic Center includes C-shapes, HSS
members, and Wide Flange members with the majority being W-shapes. Gridlines are set at
multiple angles with bay sizes varying throughout the building. Areas with consistent
framing between floors are located in the classroom wing in the central section of the
building and the office spaces on the south side. The gravity system transfers vertical loads
due to dead, live, and snow loading across a floor or roof deck, into beams and girders, and
is taken as axial force in columns to the foundation.

Lateral System

The lateral system for this building includes braced frames of varying heights and
types located throughout the building. Below is a plan view of University Academic Center
with the 15 lateral braced frames shown in blue. These frames resist the forces on the
building due to wind and seismic loading. The wind loads are taken into the floor
diaphragm from the fagcade and distributed amongst the bracing based on relative stiffness.
The frames in turn transfer these loads to the foundation. A braced framing system is
logical with a steel building given the
lightweight paired with relative stiffness.
Where shear walls would limit the
circulation throughout the building, using
knee braces, as University Academic
Center does in multiple locations, allows
for more useable space. Braced frames
are also stiffer than moment framing
alternatives and cheaper to construct.
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Proposed Structural Depth

The completion of technical reports 1, 2, and 3 showed the current structural
systems used in University Academic Center are adequate in meeting both strength and
serviceability requirements. This eliminates any need to redesign in order to fix issues or
meet codes. Instead this next phase of thesis work will be dedicated to redesigning the
building to expand knowledge of structural systems.

With the current building being composed entirely of steel systems, the option of
redesigning the office wing with a concrete structural system will be done in order to
further knowledge in concrete design. This option will include designing a new flooring
system and designing the concrete moment frames to resist both gravity and lateral forces.
The office wing is the most suited for a concrete system with its masonry enclosure already
giving it a more massive feel, and its repeated floor layouts.

The research into alternate flooring systems done in technical report 2 suggested a
two-way slab flooring system would offer advantages over the existing composite steel
system such as price and floor-to-floor heights. However, because a goal of this report will
be minimizing changes to the architect’s vision for the building, floor-to-floor heights will
remain unchanged. This opens options for deeper concrete flooring systems capable of
maximizing spans and possibly eliminating columns. A one-way joist system will be studied
as an alternative flooring system.

The lateral system will also be redesigned in the form of concrete moment frames in
the office wing as opposed to the current braced frame system. The change to a concrete
system and effects this will have on lateral design will be determined through lateral
analysis, including calculations of displacements/drifts compared to code required values.

Cracking and settlement issues could become a problem when connecting two
differing structural systems. For this reason the two buildings will be separated by an
expansion joint to isolate the structures allowing safe displacements in either structural
system without harming the other.

The foundation must also be investigated in the new concrete wing to ensure the
added weight will still be supported by the foundation. If this is not the case the foundation
will have to be redesigned. The redesigned foundation will then be determined feasible; if
not an alternative type of foundation will be considered.

University Academic Center
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Proposed Construction Breadth

The building of a concrete office wing will place a big change on the building’s
construction; this change will be addressed along with a cost comparison of the concrete
system versus the composite steel system currently employed in a construction breadth.
Detailed take-offs of material costs using RSMeans will compare the two systems and
determine which is cheaper. Schedules for both the concrete and steel office wing designs
will be made to determine effects on construction times. These construction issues will
help in determining the overall feasibility of such a change.

Proposed Lighting Breadth

The second floor of the office wing includes many computer labs. Lighting design
says that spaces with computer screens benefit from indirect lighting to reduce glare on
monitors. Current lighting in these spaces consists of recessed direct lighting. Because of
this the lighting in one of these spaces will be redesigned with a new pendant lighting
layout.

A computer lab will be chosen and analyzed with AGi32 software to determine
current lighting levels and total power usage. Then new pendant lighting will be selected to
replace the recessed lighting. The interior space will then be reanalyzed to determine if
lighting levels or power consumption changed. Rearranging of pendant lighting will be
done if new lighting levels are too high or low until levels are acceptable. This change could
offer the owner a possible refit option in the future.

University Academic Center
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Design Codes and References

As Designed:

2000 ICC International Building Code

2000 ICC International Energy Conservation Code

2000 Americans with Disabilities Act - Accessibility Code
1999 National Electrical Code

AIC 318 “Building Code Requirements for Structural Concrete”
AIC 530 “Building Code Requirements for Masonry Structures”
AISC Manual of Steel Construction (locally approved edition)
ANSI “Structural Welding Code”

Thesis Calculations:

2009 International Building Code

American Society of Civil Engineers ASCE 7-10

AISC Steel Construction Manual, 14th Edition

ACI 318-11 “Building Code Requirements for Structural Concrete”

Vulcraft steel deck catalog

Concrete Floor Systems: Guide to Estimating and Economizing, 2 Edition

IES Handbook, 10th Edition

Pearson Construction Technology: Penn State-AE 311 Fundamentals of Building
Electrical and [llumination Systems

RS Means Building Construction Cost Data 2012

University Academic Center
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Load Combinations

Load combinations taken from ASCE7-10 used in this report are shown below. It can
be deduced that load combination 2 will control in members analyzed as gravity members.
Whereas the design of lateral members will be done using combination 4 when wind
loading controls and combination 5 when seismic loading controls.

2.3.2 Basic Combinations

Structures, components, and foundations shall be
designed so that their design strength equals or
exceeds the effects of the factored loads in the
following combinations:

[. 14Dy

2. 1.20+ 1al + 0.5(L, or § or K)
30120+ Le(l,or 5 or B) + (L or 0.5W)
120+ 1LOW+ L+ 05L, or § or R)
2D+ 10E+ L+ 025

6. 0.90 + 1.0W

7. 090+ 1.0E

I-"'ll-l-'l-

Further breakdown of the wind loading must be done to include all cases as
described in Figure 6-9 of the ASCE7-10 shown below. The controlling case will act as the
wind loading when using the load combinations above.

1 INEREER!
- - 78 r“._.‘:: LTERLy
Py » X .
WX X rP.I'.F | + Tﬂ.i?!r *
CASE 1 CASE 3
8y by
8565 P gy
o patdiy e Fiiid
= =~ S =
+ ) + = - +
I === o q 2
0758 ey BTEPLy ATEPLY R i *‘ 1 + * 1 L
' LETEN

Mr=0.75 (Port PigdByey  Mr=075 {Pay+Pry)Brey My = 05683 (Pt P Brexy + Q563 (Por+Pry Brer
ey==+ 0158, eyr=+15 By ey=+ 0158 er==4 .15 B

CASE 2 CASE 4
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Design Loads

Previous technical reports had determined loading for the entire structure. Since the
office wing was now being considered a separate concrete structure, new loading
calculations would need to be done for each structure separately. Values for dead and live
loads would remain the same but the forces obtained for wind and seismic loading
calculations must be redone for both structures. This report focused solely on the loading
and design of the office wing when designed as concrete.

Dead Loads
Dead loads were estimated based off
material weights found in the AISC Steel Description Load (psf)
Construc.tion Manual since.no values were gi\./en Steel Framing 10
on drawings except for weights of rooftop units U oeeaD 10
which range from 8,000-45,000 Ibs. Deck MEP 10
weights were compared to similar weights in -
Vul:(:graft catalog baied on topping thickgness and Composite Deck .
deck type. 3.25” LCW topping 42
4.75” LCW topping 50
5” NWC topping 70
Roof Garden 80
Facade
Brick 40
Glass 10
Metal Panel 15
NW Concrete 150 (pcf)

University Academic Center
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Live loads

Live load values were given on the drawings. These values are shown, along with
the values given in ASCE7-10, in the table below. Where values were not given in one
source the value from the other source was used in calculations. Likewise, when differing
values are present the larger of the two was used in thesis calculations.

When input into modeling software these loads were considered irreducible to
minimize inconsistency with any hand calculations since live loads were kept unreduced in
hand calculations to save time.

T hveloass

Description Designed Load (psf) | ASCE 7-10 Load (psf)
Slab on grade 100 100

Library slab on grade 150 150

Storage 125 125

Offices 50 + 20 (partitions) | 50 + 15 (partitions)
Classrooms 40 + 20 (partitions) | 40 + 15 (partitions)
Corridors (elevated floors) | 80 80

Lobbies 100 100

Recreational areas 100 100
Mechanical/Electrical 125 N/A

Stairs 100 100

Chiller room 150 + equipment N/A

Boiler room 200 + equipment N/A

Roof 30 20

Roof Garden N/A 100

University Academic Center
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Snow Loads

With the use of flat roofs, both uniform snow loading and drifting must be factored
into design. Using ASCE7-10 to confirm the design loads used on the building were
efficient, a flat roof snow load of 15.75 psf was calculated. According to the plans, the
building was designed conservatively for a snow load of 20 psf. This 20 psfload was the
value used in design of the new concrete office wing.

However, it was also important to consider how influential snow drifts around the
parapet walls and mechanical penthouse would be on roof members. The hand calculations
for this can be found on page 37 in Appendix A.

Wind Loads

Wind loads were calculated using the Directional Procedure found in ASCE7-10
Chapter 27. Preliminary values taken from the drawings along with detailed calculations in
determining wind loads can be found on page 38 in Appendix A. The wind pressures were
then taken and converted into story forces, as seen on the following page, for later use in
ETABS and RAM lateral modeling software.

Wind Pressures

Location Height qz C Wind Pressure | Internal Pressure
(ft) (psf) b (psf) (psf)
Windward 0-16 339 | 0.8 23.05 +/-6.1
16-30 32.3 | 0.8 21.96 +/- 6.1
30-44 30.5 | 0.8 20.74 +/-6.1
44-58 282 | 0.8 19.18 +/-6.1
58-72 24.7 | 0.8 16.80 +/- 6.1
Leeward 0-72 339 | 05 14.41 +/-6.1
%
23.05 psf ]
21.96 psf i’
| —>
20.74 psf 14.41 psf
> S
19.18 psf
16.80 psf “
> —>
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Wind Forces (E-W
Floor | Elevation | Facade | Facade p Story Force | Story Shear | Overturning
Level (ft) Height | Length | (psf) (kips) (kips) Moment
(ft) (ft) (k-ft)
Roof 72 7 97.75 | 37.46 25.63 25.63 1845.36
5 58 14 97.75 | 36.37 49.77 75.41 2886.66
4 44 14 97.75 | 35.15 48.10 123.51 2116.4
3 30 14 97.75 | 33.59 45.97 169.48 1379.1
2 16 15 97.75 | 31.21 45.76 215.24 732.16
Total Base Shear = 215.24
Total Overturning Moment = | 8959.68
2563k —>
49.77 k >
48.10 k >
45.97 k >
45.76 k >
€ 21524k
u 8959.68 k-ft
Wind Forces (N-S)
Floor | Elevation | Facade | Facade p Story Force | Story Shear | Overturning
Level (ft) Height | Length | (psf) (kips) (kips) Moment
(fo) (ft) (k-ft)
Roof 72 7 121.25 | 37.46 31.79 31.79 2288.88
5 58 14 121.25 | 36.37 61.74 93.53 3580.92
4 44 14 121.25 | 35.15 59.67 153.2 2625.48
3 30 14 121.25 | 33.59 57.02 210.22 1710.6
2 16 15 121.25 | 31.21 56.76 266.98 908.16
Total Base Shear = 266.98
Total Overturning Moment = | 11114.04
31.79 k >
61.74 k >
59.67 k >
57.02 k >
56.76 k >

€—— 266.98k

\_}\ 11114.04 k-ft
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Seismic loading was designed using the Equivalent Lateral Force Procedure as
outlined in ASCE7-10 to follow the process used on the University Academic Center as
stated in the construction documents which gave a site class D, Sps=0.21, and Sp1=0.11.
However from previous technical reports, the values for the spectral response coefficients
were already in question. So as an alternative, values were obtained using the building
location in the USGS Seismic DesignMaps application, resulting in values of Sps=0.167, and
Sp1=0.081. These values place the office wing in Seismic Design Category B. Further
calculations can be seen on page 39 of Appendix A.

To determine seismic story forces, a base shear needs to be calculated using the
value Cs obtained through the Equivalent Lateral Force Procedure mentioned above and
the total weight of the building. A breakdown of building weights and the resulting
calculations to find seismic story forces and ultimately the base shear and overturning
moment due to seismic forces is shown in the table below.

Seismic Forces (N-S) & (E-W

. . Story Story | Overturning
Floor I-}IleE%t})lt ng(ell(‘ci’rhst) w*hk G Force Shear Moment
x(KIP Fx (kips) | Vi (kips) (k-ft)
Roof 72 1567.64 192639.5 | 0.31 99.75 99.75 7182
5 58 1807.88 174191.2 | 0.28 90.20 189.95 5231.6
4 44 1807.88 127659.7 | 0.20 66.10 256.05 2908.4
3 30 1873.27 85972.9 0.14 4452 300.57 1335.6
2 16 1916.15 43357.5 0.07 22.45 323.02 359.2
Totals - 8972.82 623820.9 1 323.02 - 17016.8
99.75 k >
90.20 k >
66.10 k >
44.52 k >
2245k =—>
€«——— 323.02k

u 17016.8 k-ft

University Academic Center



Final Report Structural Option Alexander Altemose

Computer Model

An ETABS model was used to determine story drifts for the new office wing and
compared to allowable values from ASCE7-10 for seismic loading and the accepted value of
h/400 for wind loading. This model was also used to calculate member forces due to wind
and seismic loading in designing the moment frames. The new concrete office wing was
modeled as shown below including only the moment frames used to resist the lateral forces
due to wind and seismic.

3-D view of the office wing lateral system
modeled in ETABS

Plan view of the office
wing lateral system
modeled in ETABS
(Roof Level)
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To improve the validity of ETABS output, data was modeled under the following

parameters:

Mass is lumped at the story levels using the Additional Area Mass option and
setting all other self-weights equal to zero.

f'c = 5000psi for all members

Beams were all modeled with 25” depth and 24” width and I¢r = 0.35*[g in
strong axis bending.

Columns were all modeled as 24”x24” and I+ = 0.7*] in both axes for
bending.

Supports assumed fixed from rotation in all directions.

Diaphragms modeled as rigid.

The following load combinations were analyzed to account for all scenarios of both
wind and seismic loading described in ASCE7-10. Wind forces were applied at the
building’s center of pressure while seismic forces were applied at the centers of mass.
ETABS also accounted for accidental torsion with an eccentricity of 0.05. From the results
of these load cases it was determined the largest forces and displacements came when the
model was loaded under load case 13; meaning seismic forces controlled the lateral design.

ad Cases for Wind
WX

WY
.75WX+.75Mr
.75WX-.75Mr
.75WY+.75Mr
.75WY-.75Mr
75WX+.75WY Wind Case 3
.563WX+.563WY+.563Mr
.563WX+.563WY-.563Mrt
oad Cases for Seismic

10 | EX+Accidental Eccentricity
11 | EY+Accidental Eccentricity
12 | EX-Accidental Eccentricity
13 | EY-Accidental Eccentricity

=
=)

Wind Case 1

Wind Case 2

Wind Case 4

(O |0 |ON U1 | W(IN |
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Story Drifts

Using the ETABS model results, story drifts were found for the new office wing and
compared to the allowable limits for both wind and seismic loading. Values for story drifts
are shown in the tables below.

ASCE7-10 defines the allowable story drift for seismic design in Table 12.12-1 based
on occupancy category, structure type, and story height. This value is compared to the
amplified displacement found from ETABS output multiplied by an amplification factor, Cq,
based on the type of lateral system, and divided by the Importance factor, Ie. The
controlling load case for seismic drift was load case 13.

Story drifts for wind were compared to the accepted value of h/400 for
serviceability purposes. The controlling case varied over the height of the building with
load case 2 controlling on the top 2 floors of the office wing, while load case 6 controlled in
the bottom floors.

Office Wi i ind)
Floor | Story Height | DriftX | DriftY | Controlling | Allowable Drift | Pass?
(ft) (in.) (in.) Load Case (in.)

Roof 14 0.002 0.098 2 0.42 YES
5 14 0.003 0.171 2 0.42 YES
4 14 0.055 0.250 6 0.42 YES
3 14 0.070 0.301 6 0.42 YES
2 16 0.052 0.237 6 0.48 YES

Total 72 0.24 1.06 6 2.16 YES

Office Wing Story Drifts (Seismic)

Floor | Story | Amplified | Amplified | Controlling | Allowable Drift | Pass?
Height Drift X Drift Y Load Case (in.)
(ft) (in.) (in.)

Roof 14 0.051 0.598 13 2.52 YES
5 14 0.084 0.900 13 2.52 YES
4 14 0.110 1.144 13 2.52 YES
3 14 0.126 1.211 13 2.52 YES
2 16 0.088 0.860 13 2.88 YES

Total 72 0.475 4.725 13 12.96 YES
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Structural Depth: Office Wing Redesign

The main goal of this structural depth was to further knowledge in design through
the creation of a concrete structural system as opposed to the as-built steel system studied
in the technical reports in the previous semester. The office wing was chosen for this
redesign due to its relatively uniform layout which will allow for the reuse of formwork as
well as its brick fagade giving it a more massive feel. The office wing also served a separate
function than the rest of the building. Where the building was overall a public space the
office wing became more of a private area. With the space already filling a differing role
from the rest of the building, imagining this wing as a completely separate structure
became easier.

To account for the two structural systems differing reactions to loading, an isolation
joint was proposed. This would allow both structures to shift and settle under loading
independently of one another. Based on the maximum drift from ETABS output previously
discussed, the isolation joint should be at least 5” to ensure separation of the structures.

Another goal of this concrete redesign was to minimize the impact on the
architecture, including overall appearance and interior spaces. This meant keeping overall
height of the building unchanged and minimizing loss of floor space to columns. The floor
system ultimately allowed for floor to floor heights to remain unchanged with a floor depth
of 25” including slab and beams. Column layout also kept impact on the interior spaces to a
minimum. Column layouts of the office wing, both original and new, can be seen in the
ground floor plan below with the original steel columns shown in red and the new concrete
columns shown in blue.

o)
@L H@_“‘"‘
|2 (~oTo[oroTo £
()3 [ % =
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Gravity Redesign: One-way Joist Floor System

The gravity system for the new office wing was designed as a one-way pan joist
system with 5” floor slab constructed integrally. With this floor system being along the
same depth as the steel system floor-to-floor heights remained unchanged. The spanning
capabilities of the pan joist system also allowed column layout to remain for the most part
unchanged. The maximum span seen by the pan joists is 36" center-to-center column
distance in the middle bay. Pan joists have pan depth of 20”, pan width of 66”, and rib width
of 10”. This sizing was based off of design guides found in Concrete Floor Systems: Guide to
Estimating and Economizing.

The slab was designed for a fire rating of 2 hours as was the current floor system.
This controlled the design thickness surpassing that needed to meet deflection
requirements. Reinforcement for the slab resulted in #4s @8” o.c. for flexure and #4s @
18" o.c. for shrinkage and temperature, both at midspan of the slab. The hand calculations
can be found beginning on page 40 in Appendix B.

Design of the pan joists was only done for the 26’ span and the 36’ span. With joist
layout being repetitive throughout the office wing only these two spans needed to be
considered with all smaller or less loaded spans designed to match one of these spans. A
layout for the reinforcement of these joists in a typical frame line can be seen below. All
hand calculations of reinforcement design can be found starting on page 44 in Appendix B.

I (2) #8s (3) #8s (3) #8s (2) #8s I

(2) #6s (2) #7s (2) #6s

(Not to scale)
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Lateral System: Ordinary Concrete Moment Frames

The lateral force resisting system in the redesigned office wing consisted of moment
frames with beams and columns in both directions of analysis. ACI318-11 outlines
requirements for seismic design that must be met based on the Seismic Design Category.
Since the office wing fell into category B its lateral system was to be designed as Ordinary
Moment Frames. This described the severity of the design, which according to the code was
that outlined in chapters 1 through 19 with the addition of having 2 bars of reinforcing
steel continuous along both the top and bottom of each frame, as described in section
21.2.2.

Since the loading on each beam varied, designing each member could result in
different reinforcement and reduce the overall amount of steel in the redesign but would
take a good amount of time. To save time, loading for each member was analyzed and a
design of the member experiencing the largest forces on each floor was done. The floor
layout for the second floor was analyzed for live and dead loads since it has more floor area
than floors 3-5. These gravity loads could then be conservatively assumed the gravity
loading for all floors. The resulting moments were then factored into load combination 5
along with the moments obtained from the ETABS lateral model for the worst case
scenario, seismic case 13 for loading in the N-S direction and seismic case 10 for loading in
the E-W direction. These moments were the ultimate moments Mu used in determining
flexural reinforcement. A list of design moments for each member can be seen on page 51
of Appendix C.

The reinforcement was calculated for the beams numbered in the image on the
following page. Based on these results it was found that all but 2 beams’ reinforcement
(beams 13 & 28) were controlled by As, min at midspan whereas design moments controlled
the amount of reinforcement at column faces.

Beams 13 & 28 were the most severely loaded mainly due to their span and the fact
that they supported pan joists on both sides. Reinforcement for these members is detailed
on the bottom of the next page.

A complete list of the flexural reinforcing for beams 1 through 34 can be found on
page 52 of Appendix C. This reinforcement was designed for the worst case loading and
therefore in the interest of saving time, can be duplicated on all floors while insuring
strength requirements. In each member the outermost bars in both the top and bottom
layer of reinforcement were required to be continuous the entire span as noted in section
21.2.2 of ACI318-11.
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A-A: Column face reinforcement
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B-B: Midspan reinforcement
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Column Design

The design of the columns required slightly more consideration when designing
then beams and joists. Columns needed to resist both axial and flexural forces and were
loaded along both axes of analysis. This is typically taken into account by designing the
reinforcement symmetrically for the worst case scenario.

A RAM model of the office wing was also made in addition to the ETABS model
previously mentioned. This was done mainly for educational purposes to further
knowledge in creating models using another software program. This model also proved
helpful in gathering load combination results for axial and bending forces in the columns as
well as designing the foundations later in this report.

To save time, all columns were designed the same to resist the worst case loading
combinations using spColumn. The column dimensions and reinforcing layout were based
off the largest pier dimension of 28”"x28” with (12)#6 bars. However design already
indicated 24"x24” columns so this size was chosen instead. ACI318-11 also indicates As
must fall between 0.01A; and 0.08Ag, because of this the reinforcement was increased to
(12)#8bars, with As = 1.65%. The interaction diagram on the following page shows the
capacity of this column’s design with the ground floor columns plotted. These forces fall
within the range of the column’s capacity and the 24”x24” column with (12)#8s can
therefore be used throughout the entire building since loading will only decrease on higher
floors. It should be noted that small columns with less reinforcing steel will most likely be
possible on higher levels but because of time this more efficient option was not pursued.
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Special Case Beam

One area of particular concern was the distribution of loads to the foundation at
column line L-2. The added weight of concrete versus steel needed to be resolved in this
redesign. The original steel structure had a cantilevered beam distributing the load to the
column at K-2. This was redesigned so the column loads transferred into a beam spanning
between K-2 and M-2. The walkway below this column line did not allow for a ground floor
column to direct the load from upper levels into the foundations, so a beam was added with
supports moved to the exterior wall at K-2 and the architectural column at M-2 was made
into a structural column. This beam spanned 11 ft and has a concentrated load from the
columns 5 floors above of around 600kips. This produces both moments and shears far
greater than the loads experienced by any other beam in the office wing. For this reason
this beam needed to be designed separately. The simplest option for increasing the beams
capacity was to increase the depth so the beam was designed with a new depth of 36”.
Design calculations for this beam can be found starting on page 53 of Appendix D.

Foundation Impact

With the change to a heavier concrete structure along with now being isolated from
the rest of University Academic Center, the new office wing’s foundations saw a new
combination of loads. Because of this, a new foundation was designed in RAM Foundation.
All footings were modeled as spread footings to compare to the current foundation. As
assumed, the footings increased in size to resist the higher loads of the concrete structure.
A plan view of the new foundation and an overall footing summary can be seen on the
following page.

With the exception of a few locations spread footings were sufficient to resist
loading without overlapping, and all footings maintained a maximum depth of 3 ft. Areas of
overlap included all footings under the stairwell, and footings located at (K-2),(M-2). These
areas would have to be redesigned as combined footings; however these calculations were
not done due to time constraints. Spot checks were done for shear and reinforcement to
validate the results of RAM Foundation for column (H-4), the highest loaded column. These
hand calculations can be found on beginning on page 56 in Appendix E along with RAM
output for footing (H-4).
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” ‘ Spread Footing Design Summary
i RAM Foundation v14.05.01.00
RAM| pataBase: office wing Date: 04/02/13 11.05:19
Building Code: IBC Design Code: ACI318-08
Academic License. Not For Commercial Use.

Orientation Dimensions (ft) feify Bottom Reinforcement Top Reinforcement

Grid Col'Foot Length Width Thick ksi Parallel to  Parallelto  Parallel to  Parallel to
Length Width Length Width

(A-5 0.00/ 0.00 12.00 12.00 150 4.50/60.00 12-#7 13-#7 None None
A-4 0.00/0.00 15.00 15.00 2.00 4.50/60.00 1787 1787 None None
A-2 0.00/0.00 14.00 14.00 2.00 4.50/60.00 15-#7 15-#7 None None
(0.00 - 0.00) 177.00/177.00 12.00 12.00 1.50 4.50/60.00 11-#7 12-#7 None None
B-4 0.00/0.00 17.00 17.00 2.50 4.50/60.00 217 22-#7 None None
B-2) 0.00/0.00 17.00 17.00 250 4.50/60.00 15-#8 16-#8 None None
(C-5 0.00/0.00 14.00 14.00 2.00 4.50/60.00 12-#8 13-#8 None None
(29.00 - -1.52) 177.00/177.00 14.00 14.00 2.00 4.50/60.00 1427 1527 None None
D-4 0.00/0.00 17.00 17.00 2.50 4.50/60.00 1528 16-#8 None None
D-2 0.00/0.00 16.00 16.00 2.50 4.50/60.00 18-#7 18-#7 None None
E-3) 0.00/ 0.00 15.00 16.00 2.00 4.50/60.00 19-27(17) 19-#7 None None
E-4 0.00/0.00 14.00 14.00 2.00 4.50/60.00 10-#8 11-#8 None None
E-3 0.00/0.00 12.00 12.00 1.50 4.50/60.00 10-#7 1387 9-#3 9-#3
E-2) 0.00/0.00 14.00 14.00 2.00 4.50/60.00 1327 1427 None None
(59.00 - -3.09) 177.00/177.00 13.00 13.00 2.00 4.50/60.00 9-#8 9-#8 None None
F-4 0.00/0.00 14.00 14.00 2.00 4.50/60.00 14-#7 15-#7 None None
F-3 0.00/0.00 12.00 12.00 1.50 4.50/60.00 10-#7 13-#7 9-#3 9-#3
F-2 0.00/0.00 14.00 14.00 2.00 4.50/60.00 10-#8 11-#8 None None
(78.89--413) 177.00/177.00 12.00 12.00 150 4.50/60.00 12-#7 13-#7 None None
H-5 0.00/0.00 16.00 17.00 2.50 4.50/60.00 14-#8(12) 14-%8 None None
H-4 0.00/ 0.00 19.00 19.00 3.00 4.50/60.00 26-#7 26-#7 None None
H-2) 0.00/0.00 19.00 18.00 2.50 4.50/60.00 21-#8 21-#8(19)  None None
T-6 0.00/0.00 9.00 9.00 1.50 4.50/60.00 9-#5 9-#5 7-#3 7-#3
(105.00 - -5.50) 177.00/177.00 11.00 11.00 150 4.50/60.00 10-#7 10-#7 None None
K-2) 0.00/0.00 13.00 13.00 2.00 4.50/60.00 9-#8 9-#8 None None
L-3 0.00/0.00 13.00 13.00 1.50 4.50/60.00 1427 1427 None None
-4 0.00/0.00 16.00 16.00 2.50 4.50/60.00 18-#7 18-#7 None None
(118.00 - -6.18) 177.00/177.00 10.00 10.00 1.50 4.50/60.00 9-#6 10-#6 8-#3 8-#3
M- 0.00/ 0.00 12.00 12.00 150 4.50/60.00 10-#7 9-#7 None None

* - Number between () in reinforcement is quantity of bars in center strip of rectangular footing
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Construction Breadth

With the design of the office wing in concrete complete, now the question to be
asked was whether or not it would be practical to build. That was where an investigation
into the construction management and estimating aspects of the design became important.

A cost breakdown of all structural items that changed between designs was
estimated to determine feasibility around total cost. The values for this were taken from
RSMeans Building Construction Cost Data 2012. A table of the specific data used in the
estimates exactly as they appeared in the book is shown on page 59 of Appendix F.
RSMeans allowed for the determining of cost broken down by cost of materials, labor,
equipment, and factored in overhead and profit as well. Of course estimating is never exact
with many variables to consider but RSMeans provided a nationally gathered source of
knowledge on the construction process and allowed for a reasonable comparison in the
cost of each building system.

Since no cost data was given on the original structure pricing had to be created for
both systems. This was also necessary in order to accurately compare the two costs. The
new concrete design was estimated at a cost of $1,552,739 including overhead and profit,
while the original system came to a total of $1,914,708. It appeared that changing the office
wing to a concrete structure would reduce the cost. However before recommending a
change, the scheduling impact must be considered as well. Shown below is the cost
breakdown for each structural system.

New Office Wing Design Costs

Material Labor Equipment Total Total with O&P
Formwork $172,235.55 $407,588.51 $0.00 $579,824.06 $815,942.64
Rebar $153,558.67 $108,194.27 $0.00 $261,752.94 $342,390.60
Concrete $252,822.92 $53,140.34  $15,985.59 $321,948.85 $376,821.90
Finishing $0.00 $11,722.32 $0.00 $11,722.32 $17,583.48
Total $578,617.14 $580,645.43  $15,985.59  $1,175,248.16 $1,552,738.62

Original Office Wing Design Costs

Material Labor Equipment Total Total with O&P
Formwork $1,670.70 $8,703.78 $0.00 $10,374.48 $15,224.89
Reinforcing $24,621.93 $19,828.88 $0.00 $44,450.81 $58,945.93
Concrete $146,751.02 $18,422.33 $5,011.77 $170,185.12 $194,658.14
Finishing $0.00 $11,722.32 $0.00 $11,722.32 $17,583.48
Shear Studs $4,189.50 $6,247.50 $3,013.50 $13,450.50 $19,110.00
Steel Framing $1,010,429.31 $173,036.06 $49,631.94 $1,233,097.31 $1,467,798.24
Metal Deck $1,511.39 $21,970.86 $1,608.43 $114,473.37 $141,387.47
Total $1,189,173.85 $259,931.72 $59,265.64 $1,597,753.90 $1,914,708.14
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Once again by using RSMeans, durations for construction were estimated. These
durations were then input into Microsoft Project to help in building a basic schedule for
each structure. The schedule tasks were created by grouping similar processes in the
construction sequence and adding up their durations. These tasks were then arranged so
tasks relying on the completion of other tasks would not precede them. The start date was
estimated for early 2006 based on the known project duration in order to minimize the

time working in freezing temperatures.

Based on the durations calculated from RSMeans and the schedules constructed in
Microsoft Project, the concrete system will take approximately 337 days, while the steel
system will take 107 days. The steel structure holds the advantage as far as time
management is concerned. The full schedules can be seen on page 60 of Appendix F.

The cost advantage to concrete then seemed less believable due to the extra time of
construction. Being almost a year to complete, construction of the concrete structure would
potentially add extra costs to those calculated through RSMeans like space heating, snow
removal, and concrete curing techniques. Because of the large difference in construction
times and the potential added costs of year round construction, the decision to design a
steel structure seems like the correct choice.
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Lighting Breadth

As and added area of study for this thesis a lighting breadth was chosen to
investigate the option of changing the luminaires in several computer lab spaces on the 2nd
floor of the office wing from the original recessed direct lighting to a pendant direct-
indirect lighting option. The space used in calculations for this redesign is labeled Room
2139 on the building plan shown on page 61 of Appendix G.

In order to gain a better understanding into the lighting needs of this type of space
the first step in this process involved research into lighting design of interior spaces. This
was done by consulting IES Handbook, 10t Edition. Table 24.2 out of IES Handbook, 10t
Edition was used to assign the space a task based on its use; a task of READING AND
WRITING - CSA/ISO Type I and I, positive polarity was chosen. This then gave the
recommended target illuminance for the basis of design of 300 lux or 30 footcandles at a
workplane of 2.5 ft, the typical height of a desk.

The IES Handbook provided additional reasons in support of a direct-indirect
lighting scheme. The concept of ambient versus task lighting would better be accomplished
by indirect lighting illuminating the space while direct lighting would still illuminate the
task. The current system lacked the softer more evenly distributed ambient light given off
by indirect lighting. Another reason to shy away from direct lighting in computer lab spaces
was the potential for glare, with indirect lighting glare was less of an issue.

After the basis of design of 30 footcandles was determined an analysis of the space
as designed was done in AGi32 to calculate lighting capabilities of the current system. The
space was modeled as shown below with the luminaire data taken from Columbia Lighting
as listed in the electrical plans and reflectances of 80/70/20 chosen for ceiling, walls, and
floor. This design resulted in an average illuminance of 93.62 fc and minimum value of 46.7
fc. This seems high given the needs of the space. The space should therefore be redesigned
to closer align with the recommended illuminance of 30 fc.
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Knowing from the analysis of the current space there is room for improvement, a
new luminaire layout was created using a direct-indirect pendant style luminaire. This new
luminaire, FINELITE Series 12-ID, supplied both direct (26%) and indirect (74%) lighting.
This provided ambient lighting as well as task specific lighting.

A preliminary hand calculation was done using the Zonal Cavity Method as described in
Pearson Construction Technology: Penn State-AE 311 Fundamentals of Building Electrical
and Illumination Systems to determine the number of fixtures required to reach the target
illuminance. This process ultimately resulted in a 3x4 layout with 12 fixtures providing an
estimated 28.8 fc. The calculations are outlined on page 64 of Appendix G.

This layout was then input into the AGi32 model and recalculated for the new
average illuminance; results for this are shown below. It should be noted the pendant
fixtures are mounted at a height of 9 ft and the recessed ceiling was raised to 11 ft as
opposed to the original 10 ft ceiling height. This layout resulted in an average illuminance
of 49.5 fc and a minimum value of 25.4 fc. This option was still somewhat overdesigned but
much closer than the original design to the target 30 fc.

The new layout reduced the number of fixtures which, even though the new fixtures
used 91W versus the original 90W, meant a decrease in the power consumption. The
original design used 1.29 watts/ft2 whereas the new design used 1.04 watts/ft2. The
decrease in power consumption as well as the added visual benefits of indirect lighting
make this new design much more suitable for computer lab spaces and would be
recommended as a possible refit in the future.
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Conclusion

After a semester’s work with this building much was learned about structural
analysis and different structural systems. While the previous semester offered the ability to
analyze a steel structure and the limitations building code places on it, this semester
offered experience in the design of a concrete structure and code limitations mostly
focused around ACI318-11.

In the beginning of this process of redesign, the office wing presented itself as the
best choice for a concrete structure. Concerning constructability, it had relatively
repeatable floor plans which could save on formwork costs. This also made reinforcing
layouts more uniform throughout since each floor saw similar loading. When considering
architecture, the floor plan of the office wing was also compatible with a concrete redesign
where the new column locations did not interfere drastically with any of the spaces.

Overall this redesign consisted of a one-way pan joist floor system with an ordinary
moment frame system to resist lateral forces. Joists and beams were designed 20” thick
cast integrally with the 5” slab, totaling a 25” overall depth. This floor system was repeated
on all floors and roof for sake of time. Columns were also all designed the same with a
24”x24” section and (12)#8 vertical bars as reinforcement. Together these members
resisted the calculated wind and seismic loading with seismic controlling most of the
design. All concrete used on for this redesign was 5000psi except for the foundations which
kept the 4500psi noted in the construction documents.

The added weight of concrete versus steel created several issues, one of which was
column line L-2 located above the exterior walkway. This was corrected by a 36” deep
beam spanning across the walkway that took the load from the columns above into the
foundations. Another issue was the foundations themselves. The added weight of concrete
increased the demand on the foundations requiring a redesign. This was done using RAM
Foundation with spot checks to determine validity of results. Foundation sizes increased
but were still reasonably sized so spread footing could still be used effectively.

In addition to the structural depth, two breadth topics were discussed. The
construction breadth focused on the cost and scheduling concerns with the redesigned
concrete structure. This resulted in the concrete system costing less but construction time
being considerably longer than that of the original steel. For that reason the steel system
was determined the more preferable design.

The other breadth composed of a lighting redesign of a computer lab located on the
2nd floor of the office wing. Currently using recessed lighting, the option of a pendant
indirect lighting design was created as an alternative. This redesign reduced the number of
fixtures, which also reduced the power consumption, while maintaining a recommended
illuminance value of 30 footcandles.
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Appendix A: Loading Hand Calculations
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ASCE 7-10  Equvalent Lateral Ferce Procedure
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Appendix B: Gravity System Calculations
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Appendix C: Lateral System Calculations
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9 10,12 ,13 assumed Same as B
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31, wp = 14 (20421+625) +500 +S60 = 2600 Iy,
we T 14°(30) = 120 B/
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Design Moments for Lateral System Beams

S Mp" | Mp m,” M, Mg My (1.2D+1.6L+0.5Lr) | My (1.2D+1.6L+0.5Lr) | M, (1.2D+E+L+0.2S)

(k-Ft) | (k-ft) | (k-ft) | (k-ft) | (k-ft) (k-ft) (k-ft) (k-ft)
1 738 | 1476 | 304 | 608 | 658 137.2 274.3 303.7
2 79.4 | 1588 | 32.7 65.3 58.9 147.5 295.0 314.7
3 328 | 656 13.5 270 | 79.9 61.0 121.9 185.6
4 583 | 1166 | 240 | 480 | 63.9 108.4 216.8 251.9
5 123 | 245 5.0 101 | 109.1 228 45.5 148.6
6 311 | 621 9.2 184 | 140.7 52.0 104.0 233.7
7 168 | 33.7 5.0 100 | 127.9 28.2 56.4 178.3
8 484 | 9.7 30.7 61.5 88.7 107.2 214.4 266.3
9 666 | 133.3 | 424 | 847 | 724 147.8 295.5 317.1
10 390 | 781 248 | 49.7 | 868 86.6 173.1 230.1
11 7.0 14.0 5.1 103 | 107.2 16.6 333 134.3
12 470 | 93.9 29.9 59.7 | 83.1 104.1 208.3 255.5
13 1185 | 2369 | 753 | 150.7 | 712 262.7 525.4 506.2
14 670 | 1339 | 19.8 397 | 97.1 112.1 224.2 297.4
15 456 | 913 31.7 63.5 | 104.0 105.5 211.1 277.0
16 456 | 913 317 63.5 99.6 105.5 211.1 272.6
17 3.1 6.2 2.2 43 191.2 7.2 14.4 202.9
18 3.1 6.2 22 43 185.7 7.2 14.4 197.5
19 456 | 913 31.7 63.5 89.3 105.5 211.1 262.3
20 670 | 1339 | 19.8 39.7 | 763 112.1 224.2 276.7
21 184 | 36.8 9.2 184 | 122.8 36.8 73.6 185.3
22 184 | 36.8 9.2 184 | 119.7 36.8 73.6 182.3
23 496 | 99.2 31.7 63.5 89.7 110.3 220.6 272.2
24 683 | 1367 | 437 | 875 73.2 152.0 304.0 324.7
25 400 | 80.1 25.6 51.3 87.5 89.1 178.1 234.8
26 6.9 13.8 3.8 7.6 105.8 14.3 28.6 129.8
27 482 | 9.3 30.8 617 | 84.1 107.1 214.2 261.3
28 1215 | 2430 | 778 | 1555 | 67.3 270.2 540.4 514.4
29 373 | 746 7.7 155 | 1321 57.1 114.3 237.1
30 373 | 746 7.7 155 | 102.4 57.1 114.3 207.4
31 790 | 1580 | 340 | 680 | 683 149.2 298.4 325.9
32 849 | 1699 | 366 73.2 61.4 160.5 320.9 338.4
33 849 | 169.9 | 366 73.2 61.4 160.5 320.9 338.4
34 790 | 1580 | 340 | 680 | 680 149.2 298.4 325.6

I:IControIIing design moment
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As,req’ As,provided®| gMn" As,req As, provided | ¢Mn’
Beam # Bars Bars
(in?%) (in%) (k-ft) (in?%) (in%) (k-ft)
1 1.46 * * * 3.58 6#7s 3.60 347.3
2 1.58 * * * 3.72 5#8s 3.95 380.4
3 0.64 * * * 2.15 5#6s 2.20 216.3
4 1.15 * * * 2.95 5##7s 3.00 291.8
5 0.24 * * * 1.71 * * *
6 0.55 * * * 2.72 9#5s 2.79 272.2
7 0.30 * * * 2.06 5#6s 2.20 216.6
8 1.14 * * * 3.12 448s 3.16 306.7
9 1.58 * * * 3.75 5#8s 3.95 380.2
10 0.92 * * * 2.68 9#5s 2.79 272.4
11 0.17 * * * 1.54 * * *
12 1.11 * * * 2.99 5#7s 3.00 291.7
13 2.86 S#7s 3.00 2922 [ 645 6#8s & 2#9s 6.74 626.6
14 1.19 * * * 3.51 8#6s 3.52 339.9
15 1.12 * * * 3.25 8#6s 3.52 341.0
16 1.12 * * * 3.20 8#6s 3.52 341.3
17 0.08 * * * 2.35 8#5s 2.48 243.2
18 0.08 * * * 2.29 8#5s 2.48 243.4
19 1.12 * * * 3.07 7#6s 3.08 299.1
20 1.19 * * * 3.25 8#6s 3.52 341.1
21 0.39 * * * 2.14 5#6s 2.20 216.3
22 0.39 * * * 2.11 5#6s 2.20 216.4
23 1.17 * * * 3.20 8#6s 3.52 341.3
24 1.63 * * * 3.85 5#8s 3.95 379.7
25 0.94 * * * 2.74 9#5s 2.79 272.2
26 0.15 * * * 1.49 * * *
27 1.14 * * * 3.06 7#6s 3.08 299.2
28 2.94 S#7s 3.00 291.8 6.65 648s & 2#9s 6.74 625.0
29 0.60 * * * 2.77 9#5s 2.79 272.1
30 0.60 * * * 2.41 8#5s 2.48 243.0
31 1.59 * * * 3.86 5#8s 3.95 379.7
32 1.72 * * * 4.02 7H#7s 4.20 402.9
33 1.72 * * * 4.02 7H#7s 4.20 402.9
34 1.59 * * * 3.86 5#8s 3.95 379.7
As,min As, provided oMn
A Bars 8
* (in) (in) (k-ft)
1.91 5#6s 2.2 211.02
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Appendix D: Special Case Beam Design
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Appendix E: Foundation Design Checks

Spread Footing Design

RAM Foundation v14.05.01.00
DataBase: office wing
Building Code: IBC

RAM Date: 0329/13 15:27:22
Design Code: ACI318-08

ETCial Uee,

FOOTING DESIGN
Footing # 84 Footing Column Location: ____. (H-4)
Footing Orientation (deg): ------ 0.00 Column Orientation (deg): - - - - 0.00
Length (ft): .. _________. 19.00
Width (ft): - - o 19.00
Thickness (ft):_______________ 3.00
Bottom Feinf Parallel to  Length: 20-#3 Width: 20 -#3

Concrate fe (ksi): 4.30  fet (ksi): CODE  Density (pef): 130,00 Ee (ksi): 4066.34
Reinf. fir (kei): 60.00
Safety Factor Overturning: Major____ 28.7(34) DMinor____ 26.2 (63)

INFUT DATA
Column Size: 24z 24
Basze Plate Dimensions (in) 0.00x 0.00 Percent of overhang to assume Rigid:  0.00
LOADS
Surcharge (lsf) Dead Load: 0.000 Live Load: (0.000
Axial (kip) Dead Load: 593.00
Pos. Live: 249635 Weg. Live: NiA
Pos. Roof: 1431 Neg. Roof: NiA
CONCRETE CAPACITY
Major Ld Co/Code Ref. Minor Ld Co/Code Ref.
Required Shear (kip) 34796 2 350.54 2
Provided Shear: (kip) 74562 3ec. 1156.1a)b)c) 12267 Sec.11561a)b)c)
Required Moment: (kip-ft) 217076 2 215581 2
Provided Moment: (ap-ft) 271 220101
Eequired Punching Shear: (ki) 1076.31 2
Provided Punching Shear: (kip) 1442 53
REINFORCEMENT
Bottom Bars Parallel to Top Bars Parallel to
Length Width Length Width
Bar Cuuantity/Bar Size: 2038 2073 None None
Fequired SteelProvided Steel (in®) 15.08/15.80 15.47/15.30 MNons Mona
Eequired Steel Code Ref. Sec. .12 Sec. 7.12 None None
Ear Spacing (in) 11.63 11.63 None None
Bar Depth (in) 32.50 3150 None None
Cover (in) Top N/A EBottom: 3.00 Side: 3.00
SOIL CAPACITY
Ld Co
Allowable Soil Bearing Capacity Ckef) - _____. 3.00
Max Unfactorad Soil Bearing (ksf) - oL 283 73
Max Average Unfactored Sodl Bearing (kef) . ____________. 279 43
Max Soil Bearing for Factored Design (ksf) _______________ 324 2
Max Average Soil Bearing for Factored Design (ksf) _______. 310 2
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Appendix F: Construction Breadth Data

FORMING Costs
031113 Structural cast-in-place concrete forming Crew | Daily output | Labor-hours | Unit Material Labor Equipment Total Total with O&P
0650 Exterior spandrel,job-built plywood, 24" wide, 4 use C-2 325 0.148| SFCA $0.65 $6.35 $7.00 $10.45
1650 Interior beam, job-built plywood, 24" wide, 4 use C-2 377 0.127| SFCA $0.99 $5.45 $6.44 $9.50
6650 24"x24" columns, 4 use Cc-1 238 0.134| SFCA $0.83 $5.65 $6.48 $9.55
3550 Floor slab, with 1-way joist pans, 4 use C-2 500 0.096| SF $2.92 $4.12 $7.04] $9.55
5150 Spread footings, job-built lumber, 4 use C-1 414, 0.077| SFCA $0.62 $3.23 $3.85 $5.65
REINFORCING Costs
03 21 10 Uncoated reinforcing steel Crew | Daily output | Labor-hours | Unit | Material Labor | Equipment Total Total with O&P
0100 Beams & girders, #3 to #7 4 Rodm 1.6 20( Ton $980.00| $980.00 $1,960.00 $2,650.00
0150 #8 to #18 4 Rodm 2.7 11.852 Ton $980.00| $580.00 $1,560.00 $2,000.00
0250 Columns, #8 to #18 4 Rodm 23 13.913( Ton $980.00| $685.00 $1,665.00 $2,175.00
0400 Elevated slabs, #4 to #7 4 Rodm 29 11.034( Ton $1,050.00 $540.00 $1,590.00 $2,025.00
0500 Footings, #4 to #7 4 Rodm 2.1 15.238( Ton $930.00| $750.00 $1,680.00 $2,225.00
[0550 #8 to #18 4 Rodm 3.6 8.889| Ton $880.00| $435.00 $1,315.00 $1,675.00
032305 Uncoated welded wire fabric
6x6-W1.4xW1.4 2 Rodm 35 0.457| CSF $13.80 $22.50 $36.30 $51.00
CONCRETE Costs
03 31 05.35 Normal weight structural concrete Crew | Daily output | Labor-hours | Unit | Material Labor | Equipment Total Total with O&P
0150 NWC, ready mix, delivered, 3000psi cY $102.00 $102.00 $112.00
[0350 NWC, ready mix, delivered, 4500psi cy $106.00 $106.00 $116.00
400 NWC, ready mix, delivered, 5000psi cy $109.00 $109.00 $120.00
2000 For all lightweight aggregate, add cY 45%)
03 31 05.70 Placing concrete
0050 Beams, elevated, small beams, pumped C-20 60 1.067| CY $40.00 $12.85 $52.85 $75.50
100 Beams, elevated, large beams, pumped c-20 90 0.711 cvy $27.00 $8.55 $35.55 $50.50
0800 Columns, square 24" thick, pumped C-20 92 0.696| CY $26.00 $8.40] $34.40 $49.00
1400 Elevated slab, less than 6" thick, pumped C-20 140 0.457| cCY $17.25 $5.50! $22.75 $32.50
2600 Footings, spread, over 5 CY, direct chute Cc-6 120 0.4 cy $14.65 $0.46 $15.11 $23.00
2650 Footings, spread, over 5 CY, pumped C-20 150 0.427| cY $16.10 $5.15 $21.25 $30.00
FINISHING Costs
03 3529 Tooled concrete finishing Crew | Daily output | Labor-hours | Unit Material Labor Equipment Total Total with O&P
0100 Bull float only C-10 4000 0.006[ SF $0.24 $0.24] $0.36
METAL FASTENINGS Costs
05 05 23.85 Weld shear connectors Crew | Daily output | Labor-hours | Unit | Material Labor | Equipment Total Total with O&P
0200 3/4" diameter, 3-7/8" long E-10 945 0.017| Each $0.57 $0.85 $0.41 $1.83 $2.60
STRUCTURAL STEEL FOR BUILDINGS Costs
05 12 23.77 Structural steel projects Crew | Daily output | Labor-hours | Unit Material Labor Equipment Total Total with O&P
0800 Offices, hospitals, etc. steel bearing, 3 to 6 stories E-6 14.4 8.889| Ton $2,550.00[ $435.00 $124.00| $3,109.00 $3,700.00
4300 Column base plates, light, up to 150 Ib. 2Sswk 2000 0.008| Ib. $1.38 $0.39 $1.77 $2.22
(2400 Column base plates, heavy, over 150 lb. E-2 7500 0.007| Ib. $1.44 $0.36 $0.20] $2.00 $2.42
DECKING Costs
053113 Steel floor decking Crew | Daily output | Labor-hours | Unit | Material Labor | Equipment Total Total with O&P
5300 Non-cellular composite decking, galanized, 2" deep, 20 gauge E-4 3600 0.009| SF $1.83 $0.44 $0.03 $2.30 $2.84]
053133 Steel form decking
7100 Sheet metal edge closure form, 12" wide with 2 bends, galvanized, 18 gauge E-14 360 0.022| LF $3.59 $1.14 $0.34 $5.07 $6.35
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Concrete Structure Schedule

1 Task Task Name Duravon Sart Febryary Marth Apnl ay e July Augy September T January
O nioge. 129 2/5 31T/ 190 25 35 B/125/195/16 42 | /5 416 TI4/30 577 /145 20528 /e /1 16/1886/75 7/2 7)8 /16723730 &/ /L 3/208/ 7 93 8/108/179/2410/11 0/ 0/ 0T 0z /A LT e /a1 22 4T 1A
T + sot Odays  Mon 2/6/06 s
2 #  Foundation: Formwork & Rebar Placement 10days Mon 2/6/06 =}
3 +  Foundsbon: Pour Sdays Wed 2/15/06 =
3 # 15t i columns: Formwork & Rebiar Placement  14days  Fri 2/17/06 C—
L] o 1stfir columns: Pour Adays Mon 3/6/06 [+]
& #  2ndfoor Formwork & Rebar Placement IS days Mon 3/6/06 2.
2nd foor: Pour Sdays Wed 4/13/06 ca
L] #  2ndfoor: Finish Jdays Fri 4/21/06 (=]
¥ #  2nd fir columns: Formwork & Rebar Placement 14 days Fri 4/21/06 =]
0 #  2nd fir columns: Pour Adays Mon 5/8/06 [~
1 #  3rdfioor: Formwork & Rebar Flacement ISdays  Tue5/9/05 [ S
12 #  3rdficor: Pour Sdays Thu 6/22/06 ca
13 #  3rdfoor: Finish 3 days Mon 6/26/06 a2
14 o 3rdfir columns: Formwork & Rebar Placement 14 days Mon 6/26/06 =}
15 #  3rdfir columns: Pour ddays Tue 7/11/06 =
16 # 2t foor Formwork & Rebar Placement 35 days Waed 72/12/06 3
17 # 4t floor: Pour Sdays Fri 8/25/06 L
13 o 4thfloor: Finksh Jdays Tue 8/29/06 a
15 # 4t r columns: Formwork & Rebar Placement  14days  Tue 8/29/06 3
n o awh fir columns: Pour 4days Wed 9/13/06 []
n #  5thfloor: Formwork & Rebar Placement 35 days Thu 9/14/06 Bss—
n o  5thfcor: Pour Sdays Mon 10/30/06
1 #  sthflcor: Finish ddays Wed 11/1/06 a
% o  5th fr columns: Formwork & Rebar Placement 14 days Wed 11/1/06 B——
3 # 5t i columng: Pour adays Thu 11/16/06 3
% #  Roof: Formwork & Rebar Placement 35 days Fri 11/17/06 ———
27 o  Roof: Pour 5days Tue 1/2/07 =]
T #  Roof: Finith Jdays  Thulfajor [*)
29 o Structure Complete Odays Tue 1/9/07 a1
Steel Structure Schedule
D ’Task Task Name Duraticn ‘Starl o [February1l  [March1 [April 1 [May 1 [June 1
8 Mode 115 | /20 | 2712 | 2726 | 3712 | 326 | a9 [ a3 | 57 | s/21 | ea |
1 #* Start Odays  Mon 2/6/06 2/6
2 «*  Foundation: Formwork & Rebar Placement 10 days Mon 2/6/06
3 «#*  Foundation: Pour 4days Wed 2/15/06 =]
4 "  Erect Steel: Floors 1 &2 10days Mon 2/20/06 [}
5 «*  Detail & Decking: Floors 1 & 2 14 days Thu 3/2/06 [
6 " Erect Steel: Floors 3 & 4 10days Mon 3/20/06 G—
7 #*  Detail & Decking: Floors 3 & 4 14 days Thu 3/30/06 [
8 «*  Erect Steel: Floor 5 & Roof 10days Mon 4/17/06 S|
9 «#*  Detail & Decking: Floor 5 & Roof 14 days Thu 4/27/06 |
10 «#*  Form, Pour, & Finish Deck: Floors 1 & 2 Sdays Fri5/5/06 =]
11 «*  Form, Pour, & Finish Deck: Floors 3 & 4 5days Thu5/11/06 =]
12 «#*  Form, Pour, & Finish Deck: Floor 5 & Roof ~ 5days Wed 5/17/06 =]
13 " Structure Complete Odays Wed 5/24/06 ¢ 5/24
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Appendix G: Lighting Breadth Data

Reflected Ceiling Plan of
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Original Recessed Lighting Data

Columbia

LIGHTING

P424

2' x 4' Recessed Air Handling Parabolic/ 2, 3, or 4-Lamp T5, T5HO, T8

F

3"Deep Lou

==

EATURES

3" deep cell parabolic louver for optimum control

IES standard RP-1 glare control models available
Wide light distribution provides uniform illumination
Black reveal with full air handling capabilities
Anodized low iridescent aluminum louver

Treated with a five stage phosphate bonding process and

finished with a baked white enamel
Mechanical light trap prevents light leaks
Surface mount available

PROJECT INFORMATION

Project Name

Type

Catalog No.

Date

CONSTRUCTION

Luminaire housing and end caps are die formed
code gauge cold rolled steel. Louver is formed from
low iridescent anadized aluminum and is secured by
die-formed spring steel hinges. Louver hinges from
either side. Mechanical light trap prevents light
leaks. Latches are finger-tip actuated, positive feed
type and completely concealed in the black reveal.

FINISH

Painted parts are treated with a five stage
phosphate bonding process and finished with a high
temperature baked white enamel. For post painted
housing, suffix catalog number with PAF. Regressed
slots are flat black.

AIR HANDLING

All supply/return and air extract functions are
available as a specified option. Directional control
vanes and/or extract damper features available. Air
extractslots are located out of sight in end caps. See
airremoval data on reverse,

INSTALLATION

An access plate is furnished with each luminaire
for fast wiring access from the plenum. No need
to open fixture. Product ships standard with mylar
dust cover to eliminate job site contamination.

BALLASTS

Energy efficient, thermally protected, automatic
resetting, Class P, high power factor, sound rated A,
magnetic or electronic ballasts. CEE NEMA Premium
compliant.

ELECTRICAL

Standard class “P", thermally protected, autoreset-
ting HPF ballast, sound rated A. CEE NEMA Premium
compliant. All ballast leads extend a minimum of 6"
through access location. NEC/CEC-compliant ballast
disconnect is standard.

CEILING COMPATIBILITY

Luminaire is available to fit most standard ceiling
types. NEGcompliant tee-bar clips supplied

with all grid trim fixtures, See ceiling details on
reverse. Contact your Columbia representative for
compatibility information for specific ceiling types.

CERTIFICATION

All luminaires are built to UL 1598 standards and
bear appropriate UL and cUL or CSA labels. Damp
location labeling is standard. Emergency-equipped
fixtures labeled UL 924.

PHOTOMETRIC DATA

Test 11939 Test Dat= 6/11/03

RC = Effective Ceiling Cavity Reflectance RW = Wall Reflectance

R1 - Air Return thru One Side Passage
R2 - Air Return thru Two Side Passages

LUMINAIRE DATA INDOOR CANDELA PLOT ENERGY DATA
Luminaire PA24-3926-LD36-3E-PAE - T [ 0 Total Luminairs Eficiency 77.5%
P4 Parabolic | Lurninairs Eficacy Rating (LER) 65
2x43-Lampwith 3x 6 Cell [ IESNA RP-1-1993 Commpliance Noncompliant
Semi-Specular Louver Comparative Yearly Lighting Energy | $3.69 based an 3000 hrs,
Ballast E332P1120G01 7S Cost per 1000 Lumens and $0.08 per KWH
Ballast Factor 0.87 ]
Lamp F3278 AVG. LUMINANCE (Candela/Sq. M.)
Lurnens perLamp 2900 0.0 | 225 | 45.0 | 67.5 | 90.0
Watts 90 0 0 [ 4362 | 4362 | 4362 | 4382 | 4362
Shielding Angle MN/A %\ 30| 4213 | 4366 | 4554 | 4703 | 4383
Spacing Criterion Along =1.26 Across =1.66 S (40| 4127 | 4361 | 4373 | 6054 | G140
] 45| 4065 | 4223 | 5450 | 5178 | 4672
=[50 3960 | 4266 | 4921 | 3067 | 2710
ZONAL LUMEN SPMMARY N E 55| 377 | 4151 3271 | 2126 | 2081
Zone |lumen5 | % Lamp | % Fixt. % 60| 3420 | 3646 | 2000 | 1816 | 1607
030 | 2175 50 323 S |es| 243 | 2107 | 1237 | wm | 775
0-40 ERE 427 551 [ 15 Horie M;ﬂa 45 |70 424 491 448 283 250
G DI Hi g|7s| 156 | s | w2 | o1es | 156
090 | 6740 | 7Rs | 1800 Z|eo| 102 | m | o | 120 | 2
0-180 6740 775 100.0 o 450 — — — 900 — — 85 6 56 a3 a3 1o
COEFFICIENTS OF UTILIZATION (%) EXTRACT AIRDATA  Report AL-534-1.1
RC 80 70 50 0 [10 77
RW| 70 (5030 |10 | 70|50 (30 |10|50[30 |10 | 0 L oa
1 [BE 83|81 |78 |84 |82 (79|77 | 78|76 |75 |60 Negative |-
2|80 |7 |70 (66|78 |72 60 66| 70|67 | 64|60 st g e e/ el
3| 73|66 |61 (577265 |60 )56 |63 (59 55|52 Pressure - 7
4 (6B | 60|54 |49 |66 |59 [53 |49 (57|52 (48|45 Inche; .04
5 5 (6354 |47 [42 |61 |53 (47 |42 (51|46 |42 |40 of /
| 6 |58 (458 (42|28 |56 (48 42|37 |46 |4 |37 |25 Water /
T[54)|44 |38 (23 |52 (43 |3F |33 | 4237|333 | 02
S | 50|40 |34 (20|49 (40|34 | 30| 29 (33|29 |28 /
9 |47 (37|31 |27 | 46|36 |31 |27 |36 |30 |27 |25 ro1s
1044|3428 | 24 |43 |34 |28 | 4| 32|28 | M4 |23 /
. ~ 0 50 40 80 8 100 200 400 600 800 1000
RCR =Room Cavity Ratio i Flow Rate-CFM

E - Heat Bxtract thru Lamp Compartmert
ER2 - Thru Both Sides and Lamp Comnpartment
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CALCULATIONS OF ILLUMINATION

. N

W

AVERAGE ILLUMINANCE

CALCULATION FORM

PROJECT: _VNIVERSITY ACADEMIC CENTER

PROJECT NO: _L/GHTING BREANTH

CALCULATION BY: ALEXANDER ALTEMOSE

[ron RooM| 7139 COMPUTER LAB l DATE: PAGE:
ILLUMINANGCE |IES ILLUMINANCE CATEGORY I BV A
CRITERIA | MAINTAINED ILLUMINANCE, FC, (LUX) 30 L fec M
MFR/MODEL | FINELITE /12 - Ib- Dco e
TYPE DISTRIBUTION |  5ENERAL DIFFUSE
HSEARE NO. OF LAMPS PER FIXTURE 2 Pre Ru2
RATED LAMP LUMEN & WATTS/LAMP|3100/32]
LUMENS PER FIXTURE (LPF) 5203
ROOM DIMENSIONS  h i W, width | 25 J| L, length| 42 L ] worcpiane 1 F
hee \ R 0.2 § Rwt 0.7
caerrs e 1751 Re 0711 Rz oo Rt Ru3
hee 2.5 R¢ 0.2 | Ryz |07 FLO0R R~ 1
P |PERIMETER, FT(M): 156 FLOOR OR CEILING PLAN
A |AREA, SF(SM): 1044
PAR |PERIMETER /AREA RATIO (P = A) | 0I5
CCR |2.5 x PAR x h.. 0.315
RCR [2.5 x PAR x hrc 3 -
FCR |2.5 x PAR x he 0.94
Boc [FROM Rp & Ryj & CCR 0.2 |- i I 1{
Py |SAME AS Ry OR Ry 0.1
Prc [FROM Ry & Ry3 & FCR B2 ‘ :
FROM CU TABLE OF FIXTURE MFGR L . H :
Cu [INTERPOLATING BETWEEN RCR AND |, . i
cC & C
BF — BALLAST FACTOR o.8% b -
LOF [VF — VOLTAGE FACTOR ~ 1 os l
OTHER - |
LLD-LAMP LUMEN DEPREC. | 0.9 l
LLF |LDD-LUMINAIRE DIRT DEPREC.10.131 0,837 [l /SE” SEPARATE DRAWINGS FOR ADDITIONAL
OTHER - LAYOUTS)
%) CALCULATION & REMARKS:
I e L ot A L LA P
8 (o044 TRY 12 in Y rows
g E;=E + LWF 3 |2‘52u3,»o,lxg;:,u,-o,s”> < 228 ¢
* N — NUMBER OF FIXTURES
B FIGURE7

Typical average illuminance calculation form using the zonal cavity method. (Courtesy: William Tao & Associates,

St. Louis, MO.)
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Appendix H: Relevant Floor Plans
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