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The Millennium Hall building sits on a confined site requiring a very small
footprint. This constraint forced the building seventeen stories into the air so
it could accommodate 241 dorm rooms. Containing all of its utilities and struc-
tural elements in a central core, the design
of the building allows the rooms to radiate
outward and be free of any obstructions to the
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i s Two main systems make up the building’s structure. The majority of the ground
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Eias i floor is a steel moment frame supporting a slab on metal deck. The design of the
Owner: Drexel University tower utilizes a reinforced concrete one way slab system. Two radial lines of col-

Size: 153,000 SF/17 Stories | uUmns circle the central core and provide all of the strength for the tower’s gravity
load. These 22" x 58" columns spaced approximately 10" apart extend the entire

Cost: $42 Million s =

seventeen story height. Beams connect each column and provide strength for the

Occupancy: Residency Hall | supported slabs, which cantilever outward 15’ to the exterior of the building. Lat-

Date of Conshmction: eral forces are resisted using ordinary concrete shear walls and moment frames.

Aug. 2006 - Aug. 2009 MEP
MEP Engineer: AKF Engineers

Construction Manager:
. The MEP system for the building uses a highly efficient design. Geothermal
intech Construchion heat pumps provide cooling in the summer and heating in the winter. 89 cooling
Civil Engineer: units are located ranging in size from 15. to 5 tons. Supply fans are variable frequency
Pennoni AsSociates drive. The main power supply comes through a 3000-amp substation located on the
first floor. The majority of the building uses compact fluorescent light fixtures. Metal

halide light fixtures provide light on the exterior of the building.
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EXECUTIVE SUMMARY

The Millennium Hall building is a seventeen story residence hall on the Drexel campus
in Philadelphia, PA. Construction completed in 2009. The building’s stunning look
comes from its fish eye shaped floor plan and its dramatic aluminum and glass curtain
wall.

The building used cast in place concrete to create a flat plate structural system. With
columns only on the interior of the building, the concrete floor slabs cantilever out
fifteen feet to the exterior of the building. All of the buildings vertical circulation and
utilities are located in the central core of the building.

The building is very heavy and with such long cantilevered slabs, the floor system has
become very thick to accommodate for the high forces it creates. To explore the
feasibility of an alternate system, one which could remove the high forces and reduce the
overall weight of the building, a steel frame system was examined.

The gravity system was maximized for weight by analyzing the floor system for
superimposed dead and live load, and using a composite steel and concrete deck. The
height of the floor system was able to remain as thin as possible, while reducing
significant weight.

The building was then analyzed for lateral forces of wind and seismic. Braced frames
were introduced to replace the heavier shear walls, further lightening the building. The
braced frames were analyzed to ensure that the deflections the building would have
under these loads would fall within the allowable limits, providing a safe design.

The foundation was checked for adequate strength and it was found that the existing
foundation caissons could be reduced in most areas of the building, since the force to
each one had been reduced due to the buildings new weight.

The architectural layout and appearance were considered as a way to examine how the
structural redesign would impact other systems in the building. It was found that
minimal changes to the floor plan would have to be made.

Finally impacts of construction cost and timeline were examined to see if the structural
redesign could really be feasible. It was found that although cost of the structural system
was increased, the construction timeline was reduced significantly, which in the long
run could have added benefits and saving throughout the remainder of construction.
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BUILDING OVERVIEW

Millennium Hall is the newest residence hall on the Drexel University Campus located
in Philadelphia, Pennsylvania. Built among existing residence halls made from brick and
stone, its dramatic glass facade makes the building stand out from the surroundings.
The building’s contrast also comes from its unique shape, a slender tower appearing to
spiral upwards. This was accomplished by offsetting each floor about the building’s
central core by 10 inches, creating a bold statement for the university. Millennium Hall
symbolizes Drexel’s commitment towards the future and embraces their great history of
engineering and architecture.

Required to house 482 students, the building’s main
design came from its main constraint, the 20,000
square foot site. Originally a lot containing 3 tennis
courts, Millennium Hall had to rise upward, reaching
17 stories. The ground floor takes up most of the lot
and contains the main lobby, elevator bank, reception
area, a small lounge, offices and storage space.
Attached to this base is the tower, where all of the
student living facilities are located. Each floor includes
16 two person dorm rooms, individual shower and
restrooms, shared kitchen and a study space. The
17th floor is a study lounge providing unobstructed
views of the campus and the city skyline of
Philadelphia. All of this is achieved in the tower’s
compact 5,000 square foot layout.

The majority of the building is clad with a combination of a glass and aluminum. These
reflective surfaces catch the light and reflections off the neighboring buildings, quickly
catching and drawing your eye towards it. The curtain wall allows maximum natural
light to enter the dorm rooms and providing pleasing views for the students. Aluminum
rain screen panels give the building a unique look and provide enough cover to the
curtain wall to achieve an acceptable level of privacy to the rooms. These panels also
work as solar shades, further reducing the building’s cooling load.
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The structural system for Millennium Hall uses two main types. A steel frame holding a
slab on metal deck forms the ground floor and supports a green roof over the office and
storage area. The tower is comprised of a cast in place concrete flat plate system. Two
radial lines of concrete columns circle the central core and provide all of the strength for
the tower. These columns extend the entirety of the building. Beams were then added
between the columns to provide torsional strength for the slab. Each floor slab is then
cantilevered outward 15 feet to the exterior of the building. Lateral forces are resisted by
ordinary concrete shear walls in one direction and ordinary concrete moment frames in
the other.
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EXISTING STRUCTURAL SYSTEM

Foundation Design

A geotechnical Report was prepared by Pennoni Associates, Inc. on March 12th, 2008. It

concluded with the following:

allowable bearing pressure of 6 KSF.

60 KSF.

Spread footings and continuous wall footings shall be designed for a net

Drilled piers (caissons) shall be designed for a net allowable bearing pressure of

With the absence of any sub grade levels, the Millennium Halls foundation consist of
only spread footings for the ground floor load and fourteen caissons to support the

tower’s gravity load. (See Figure 1.1)

Below is a layout of the basic foundation elements for the tower. The drilled caissons are
represented as red circles and the outline of the grade beams are shown in blue.
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These caissons, spaced approximately 10 feet apart, are 5 feet in diameter, giving each
one a bearing strength of 1200 Kips. (See Figure 1.2) Running along the line of these
caissons is a 30 inch by 60 inch grade beam, reinforced with 4 - #8 on the top and
bottom and #5 stirrups spaced at 12 inches. (See Figure 1.3)

5-0"

448 CONT. T4B

27-6

s s s 3
A

\— #5 STIRRUPS @ 12°0.C.

Figure 1.3

The towers twenty reinforced concrete columns sit

directly on top of the perimeter caissons and are tied .

together with grade beams using#5 stirrups at 12 inches 5

on center. This grade beam continues through the e s~ [ Vai- L
building as spread footings to provide strength for the RN 1 i)
first floors steel structure. The remaining four caissons D PER \&““-“”‘“

located towards the center of the building at the
elevator core are used to secure the reinforced concrete
shear walls. These shear walls are connected to the grade
beam and caisson in a way similar to the column
connections. (See Figure 1.4)

Figure 1.4
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The millennium Hall’s tower is supported by ten concrete columns which circle around
the core. This typical beam is 22 inches by 60 inches and extends the entire height of the
tower. Each column is directly supported by one of the foundations caissons.

Floor Framing System

Each floor slab is cantilevered outward from the
column line 15 feet. This 12 inch slab is reinforced in
the east west direction with #4 bar spaced at 18 inches
top and bottom. #6 bars spaced at 20 inches on the
bottom and #7 bars at the top spaced 7.5 inches
reinforce the north/south direction. A typical

slab connection to both the column and beams
between columns can be seen below. (See Figure 2.1/2.2)
The slab located between the column lines is 14 inches
thick and is reinforced with #4 bar spaced at 15 inches
top and bottom in the east/west direction and #4 bar
at 18 inches on the bottom in the north/south

direction.
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Figure 2.1

Figure 2.2
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Lateral System

Lateral forces in the tower are resisted using an interactive system with ordinary
reinforced concrete shear walls and ordinary reinforced concrete moment frame. The
shear walls are located at the center of the building in the elevator core, reinforced by
splicing a series of #11 steel rebar. (See Figure 3.2) All shear walls from the ground floor
to the fourth floor support a compressive strength of 7000 psi. From the fourth floor
upward 5000 psi concrete is used. On the ground floor’s steel frame, a steel moment

connection is used. (See Figure 3.1)
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Figure 3.2

Envelope Support

The building’s curtain wall and aluminum rain screen panels are connected in two main
ways to the building structure. On the first level the wall hangs from the slab on metal
deck assembly that is supported by the ground levels steel frame. This is accomplished
with 10 gauge metal plate that has been bent.
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The plate, which runs continuously along the wall, is
secured to the slab on metal deck using shear bolts
and is reinforced with 4 foot #4 spaced at 12 inches
and fastened to the curtain wall with screws placed
at 12 inches. (See Figure 4.1) This bent plate runs
continuously along the face of the slab.

The second type of connection is found on the tower where shear bolts embedded into
the concrete slab support the curtain wall as well as the aluminum rain screen panels.
These bolts connect directly to tabs specified by the curtain wall manufacturer. The slab
edge is reinforced with #3 hoops spaced at a minimum of 3 inches that extend 2 feet into
the slab. (See Figure 4.2)
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FACE MOUNTED CURTAIN WALL CONNECTION TO SLAB EDGE
GCURTAINWALL

Figure 4.1 Figure 4.2
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PROBLEM STATEMENT

Three structural system studies have been completed for the Millennium Hall building.
Separate analyses on the lateral forces, lateral resisting systems, and alternate gravity
systems have shown the Millennium Hall design is very efficient. The flat plate floor slab
works well with the unique floor plan and curved column line. It also provides adequate
strength for the cantilevered section of floor while still maintaining a shallow floor
system depth, keeping the overall building height to a minimum.

In Tech Report I, the design of the framing members, floor system, and lateral system all
exceeded the design requirements for ASCE 07. In Tech Report I, the flat plate system
proved to be the most efficient and effective of the four floor systems analyzed. Tech
Report III proved that the lateral force resisting system of the reinforced concrete
moment frames and reinforced concrete shear walls were sufficient to carry the
controlling lateral loads. Because of this successful and efficient design, the final
alternate system proposed may not be the best. The will be to find a design that is about
equally as efficient to prove that there are always options to consider when designing a
structure such as Millennium Hall residence building.

The greatest area to be improved on the existing structure is the heavy weight of the
building. With large cantilevered slabs, the floor system has become very thick, and with
solid concrete has become very heavy. Thick shear walls also add to the immense weight
of the building.

To determine if an alternate proposed design is successful, it will be compared to the
existing structure through many aspects, including strength, serviceability, cost,
scheduling and architectural success.
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PROJECT SOLUTION

The proposed solution for the Millennium Hall building is to move the existing column

lines to the exterior of the building. This will allow the building to be redesigned using a
steel frame with composite steel deck. This will affect the buildings architectural design
and the cost and schedule for the structural system.

Structural Depth

The existing floor system experiences high moment forces due to the 15 foot cantilever
that extends around the perimeter of the building. To try and reduce these loads while
maintaining the same building floor plan, the column line will be moved to the exterior
eliminating the cantilevered floor slab. This will increase the overall span by 15 feet but
with the small footprint the building has, this increased span will still be 35 feet, which
can be still be safely designed with steel.

To help with this span, a concrete composite steel deck will be used, which after being
analyzed in Tech II, will provide the strength required while keeping the floor system
thickness to a minimum, which will be necessary with the 18 story building. The interior
end of this floor system will be supported with a second added column line which will
frame out the elevator core. Short girders between these will allow the long span girders
to be attached while at the required 7 degree angle.

These short girders and exterior beams will be connected to the column using steel
moment connections. This will create the steel moment frame. The elevator core will
still need to be used as an area to add steel braced frames, since the steel moment frame
will not be adequate to resist lateral loads alone. These steel braced frames with be
designed to optimize their weight in contrast to the stiffness they provide the tall and
slender building.
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PROJECT GOALS

Through this study, the following goals are to be addressed and completed:
1. Reduce the weight of the overall building by optimizing the gravity system

2. Optimize the lateral force resisting system in coordination with the gravity
system

3. Verify the impact on the foundation system
4. Determine the impact on the architectural design including floor plan layout

5. Determine the impact that the redesign has on the construction schedule and
cost of the building

This redesign may result in a structural system that is less optimized than the existing
system, but this alternate system was selected as an exercise to explore other options
than the concrete system used.

The twisting floor offset of the original building has been removed to allow a more
simple design solution and to reduce complicated calculations, since this unique
element is not the main focus. The redesign should not be compared to the actual
building, since this element was not taken into consideration throughout the existing
system technical reports completed last semester.
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STRUCTURAL STUDY (DEPTH)

The following is the complete structural redesign of the Millennium Hall residence
building, including a preliminary gravity system, a lateral system revised for lateral
design loads, and a verified foundation design.

GRAVITY SYSTEM REDESIGN

The gravity system has been completed in three steps. First gravity loading and load
combinations have been determined. Then, using these loads, initial member sizes can
be calculated by hand, and finally checked using RAM to verify member sizes, resulting
in an initial gravity system design.

DESIGN LOADS

The gravity system has been designed using load values determined in the Technical
Reports and load combinations are in accordance with ASCE7-05. A chart of design
loads can be seen below.

Gravity Loads
Load Type Description Design Load
Partitions 20 psf
Suspended MEP 15 psf
Superimposed D.L.
Topping Slak 50 paf
Facade 150 plf
Lobbies 100 psf
Live Load Public Area 100 psf
Residence Room 40 paf
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For the design of the composite steel deck, the following loads were used from the

previous chart.
Loads: SDL = 20 psf + 15 psf = 35 psf

LL = 100 psf (majority of floor is public area, so 100psf was used as
a conservative value)

Load Combo: 1.2 DL+ 1.6 LL

DESIGN PROCESS

The design begins with the new layout of the structural system, which moves the
existing column line to the exterior and introduces a new line of columns at the

buildings center. (See Figure 5.1)

Figure 5.1

Senior Thesis Final Report | Page



MILLENNIUM HALL Darrin | Structural

Preliminary member sizes have been determined using hand calculations. To model
this, a typical bay has been converted so members would be adequate for the largest
distances. (See Figure 5.2)

® O

o O

Figure 5.2

The Vulcraft catalog for composite deck design was used to determine deck gauge and
floor system self weight. A 3VLI16 gauge deck has been selected. The self weight of this
deck was found to be 44 psf. See Appendix A.

Using the load combination listed previously, and an assumed beam self weight of 5 psf,
a distributed load has been determined for a typical beam. See Appendix B. A load of
3.13 kips per linear foot was determined, resulting on a beam moment of 452 foot-kips.

From AISC 3-19, a composite section with a W16x45 was found to be adequate for
strength, with a total of 32 studs placed at 12 in. This section was then checked for live
load deflection as well as wet concrete construction, and both were found within the
acceptable limits. See appendix B.
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The system uses two main girders around the elevator core to distribute beam loads
around the elevator openings to the columns. In this process the girders will be referred
to as shown below. (See Figure 5.3)

G2

Figure 5.3

Girders G1 and G2 were designed in a similar manner, with each having three point
loads from beams framing into them. Each girder is modeled as seen below. (See Figure
5.4) Point loads calculated for G1 and G2 are 37.6 kips and 53.2 kips respectively. This
loading pattern resulted in maximum moments of 492 foot-kips and 762 foot-kips.

Using AISC 3-10, it was determined that a W21x68 would be adequate for G1 strength
and a W24x84 for G2. These calculations can be found in Appendix B.

Figure 5.4
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From these member sizes, a preliminary framing plan can be seen below. (See Figure
5.5)

WD Wax10
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Figure 5.5
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RAM MODEL

To verify the member sizes determined by hand calculations, a RAM model was
prepared. The same loading was applied as an area load and the floor system was
analyzed. The resulting member sizes were found to be slightly smaller than those
calculated. Since the hand calculations were on the conservative side, due to estimations
in tributary width of the bays, these smaller member sections seem consistent and have
been accepted as correct for the remainder of this design. (See Figure 6.1)

Wax10 Wax10
Wax10 WEX10

WaX10

WaX10

W18X35

WEXTD \WEKI0

Wax10

WaxX10 Wax1o Waxio WEX10

Figure 6.1
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Next Ram was used to approximate column size when each floor system was modeled.
The column sizes are tabulated and can be found in Appendix C. A sample of these
tables can be found below, (See Figure 6.2), for a single column line for all 17 stories.
These sections were later used in the ETABS model used to analyze lateral resistance.

Column Line B-5

Level P Mx My LC Interaction Eq. Angle Fy Size

level 17 6.6 34 0.2 1 0.05Eq(HI1-1b) 90.0 50 WI10X33
level 16 13.1 1.7 0.1 1 0.06 Eq (H1-1b) 90.0 50 WI0X33
level 15 19.7 1.7 0.1 1 0.09 Eq (H1-1b) 90.0 50 WI0X33
level 14 26.2 1.7 0.1 1 0.12 Eq(H1-1b) 90.0 50 WI0X33
level 13 32.8 1.7 0.1 1 0.15Eq(H1-1b) 900 50 WIO0X33
level 12 394 1.7 0.1 1 0.18 Eq(H1-1b) 90.0 50 WI0X33
level 11 45.9 1.7 0.1 1 023 Eq(H1-1a) 90.0 50 WI10X33
level 10 525 1.7 0.1 1 026 Eq(HI1-1a) 90.0 50 WI10X33
level 9 59.0 1.7 0.1 1 0.29 Eq(H1-1a) 90.0 50 WI0X33
level 8 65.6 1.7 0.1 1 032 Eq(H1-1a) 90.0 50 WI0X33
level 7 72.2 1.7 0.1 1 0.35Eq(H1l-1a) 90.0 50 WIO0X33
level 6 78.7 1.7 0.1 1 0.38 Eq(H1l-1a) 90.0 50 WIO0X33
level 5 853 1.7 0.1 1 041 Eq(H1-1a) 90.0 50 WI0X33
level 4 91.8 1.7 0.1 1 044 Eq(H1-1a) 900 50 WIO0X33
level 3 98.4 1.7 0.1 1 046 Eq(H1-1a) 90.0 50 WI10X33
level 2 104.9 22 0.1 1 0.50 Eq (H1-1a) 90.0 50 WI10X33
level 1 112.0 1.1 0.2 1 097 Eq (H1-1a) 90.0 50 W10X39

Figure 6.2
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DESIGN SUMMARY AND CONCLUSION

The new structural system’s design for gravity began with the defined loads. These
superimposed dead and live loads, as determined in previous tech reports, were applied
to the metal deck. The deck, which was picked so no bracing would be required during
construction, was sized to resist these loads. Once this was done, sizing of the
supporting members could be calculated by hand.

Ram was then used to verify these member sizes. The sizes were found to be similar
enough to verify them as accurate. Column sizes were then determined using the weight
of each floor system. The two methods resulted in an initial framing floor plan for
gravity.

Meeting all the requirements for strength and deflection, the gravity plan shows a
lightweight and simple design option, compared to the existing concrete plan. Moving
the columns has removed the large cantilevered slab, as well as reduced the amount of
concrete thickness required, thanks to the composite design.
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LATERAL FORCE RESISTING SYSTEM REDESIGN

The lateral system has been completed in three steps. First wind and seismic loading
have been determined, as well as which will control in each major direction. Then
allowable limits for each load have been determined, as well as placement of the lateral
resisting elements. ETABS was then used to apply these load combinations to the
structure and checked for drift. Finally, sizes were adjusted to meet these allowable
limits, and member sizes were checked by hand to verify acceptable member forces.

DESIGN LOADS

Wind loading has been determined using ASCE7-05 Method II for wind analysis. For
this analysis, I will use the projected width and length of the building to estimate the
loads. (See Figure 7.1) This assumption will keep wind loads conservative.

67’

110’

Figure 7.1
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The following basic parameters were used for the wind calculations. ASCE references to

find each value have been provided.

Wind Speed

Occupancy Category

Importance Factor

Exposure

Velocity Pressure Exposure

Topographic Factor

Wind Directionality Factor

Gust Effect Factor

Internal Pressure Coefficient

External Pressure Coefficient

External Pressure Coefficient, N/S

External Pressure Coefficient, E/W

V = 9gomph

II

I=1.00

B

K, = Varies
Kxa=1.0
Ka=0.85

G =0.85

GCpi = £0.18
Cp (wind) = 0.8
Cp (lee,) = -0.5
Cp (lee,) =-0.372

(ASCE7-05 Figure 6-1)
(ASCE7-05 Table 1-1)
(ASCE7-05 Table 6-1)
(ASCE7-05 § 6.5.6.3)
(ASCE7-05 Table 6-3)
(ASCE7-05 Table 6-4)
(ASCE7-05 Table 6-6)
(ASCE7-05 Table 6-6)
(ASCE7-05 Table 6-5)
(ASCE7-05 Table 6-6)
(ASCE7-05 Table 6-6)
(ASCE7-05 Table 6-6)
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North/South Direction L=67ft B=110ft
I Story Ht. Ht-z K - Wind Pressure (psf) | Total Pressure | Total Force | Total Story
(ft) (ft) Windward | Leeward (psf) (k) Shear (K)

17 10 180 1.17 20.622 14.023 -8.764 22.787 25.066 25.066
16 10 170 1.150 20.269 13.783 -8.764 22.548 24.802 49.868
15 10 160 1.130 19.917 13.544 -8.764 22.308 24.539 74.407
14 10 150 1.110 19.564 13.304 -8.764 22.068 24.275 98.682
13 10 140 1.090 19.212 13.064 -8.764 21.828 24.011 122.693
12 10 130 1.065 18.771 12.764 -8.764 21.529 23.682 146.375
11 10 120 1.040 18.331 12.465 -8.764 21.229 23.352 169.727
10 10 110 1.015 17.890 12.165 -8.764 20.930 23.022 192.749
9 10 100 0.990 17.449 11.866 -8.764 20.630 22.693 215.442
8 10 90 0.960 16.921 11.506 -8.764 20.270 22.297 237.740
7 10 80 0.930 16.392 11.146 -8.764 19.911 21.902 259.641
6 10 70 0.890 15.687 10.667 -8.764 19.431 21.374 281.016
5 10 60 0.850 14.982 10.188 -8.764 18.952 20.847 301.863
4 10 50 0.810 14.277 9.708 -8.764 18.473 20.320 322.183
3 10 40 0.760 13.395 9.109 -8.764 17.873 19.661 341.843
2 10 30 0.700 12.338 8.390 -8.764 17.154 18.870 360.713
1 10 20 0.700 12.338 8.390 -8.764 17.154 37.739 398.452

Total 398.452

East/West Direction L=110ft B=67ft

p— Story Ht. Ht-z " i Wind Pressure (psf) | Total Pressure | Total Force | Total Story
(ft) (ft) Windward | Leeward (psf) (k) Shear (K)
17 10 180 1.17 20.622 14.023 -6.521 20.544 13.764 13.764
16 10 170 1.150 20.269 13.783 -6.521 20.304 13.604 27.368
15 10 160 1.130 19.917 13.544 -6.521 20.064 13.443 40.811
14 10 150 1.110 19.564 13.304 -6.521 19.824 13.282 54.093
13 10 140 1.090 19.212 13.064 -6.521 19.585 13.122 67.215
12 10 130 1.065 18.771 12.764 -6.521 19.285 12.921 80.136
11 10 120 1.040 18.331 12.465 -6.521 18.985 12.720 92.856
10 10 110 1.015 17.890 12.165 -6.521 18.686 12.520 105.376
9 10 100 0.990 17.449 11.866 -6.521 18.386 12.319 117.695
8 10 90 0.960 16.921 11.506 -6.521 18.027 12.078 129.772
7 10 80 0.930 16.392 11.146 -6.521 17.667 11.837 141.609
6 10 70 0.890 15.687 10.667 -6.521 17.188 11.516 153.125
5 10 60 0.850 14.982 10.188 -6.521 16.708 11.195 164.320
4 10 50 0.810 14.277 9.708 -6.521 16.229 10.873 175.193
3 10 40 0.760 13.395 9.109 -6.521 15.630 10.472 185.665
2 10 30 0.700 12.338 8.390 -6.521 14.910 9.990 195.655
1 10 20 0.700 12.338 8.390 -6.521 14.910 19.980 215.635
Total 215.635
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From this data, Millennium Halls wind load base shear is 398 kips in the North/South
direction and 216 kips in the East/West. To see sample calculations that were used to
generate this data, please see Appendix D.

Seismic Loading for the Millennium Hall building has been determined using
ASCE5-07. All required variables have been listed below. See Appendix E for sample
calculations of these values.

Seismic Design (North/South Direction)
Sym. Description Value ASCE Ref.
Ordinary Concrete Shear Wall

- Site Class C Table 20.3

- Occupancy Category 1l Table 1-1

- Importance Factor 1.00 Table 11-5
S. Spectral Response Acceleration, short 0.28 USGS

S, Spectral Response Acceleration, 1 sec. 0.06 USGS

F, Site Coefficient 1.20 Table 11.4-1
F, Site Coefficient 1.70 Table 11.4-2
Sms MCE Spectral Response Accel., short 0.336 Eg.11.4-1
Sm1 MCE Spectral Response Accel., 1 sec. 0.102 Eq. 11.4-2
Sas Design Spectral Aceeleration, short 0.224 Eq.11.4-3
Sa1 Design Spectral Aceeleration, 1 sec. 0.068 Eq.11.4-4
Sac Seismic Design Category B Table 11.6-2
R Response Modification Coefficent 4.50 Table 12.2-1
G Approximate Period Perameter 0.02 Table 12.8-2
h, Building Height 180 -

X Approximate Period Perameter 0.75 Table 12.8-2
C, Calculated Period Upper Limit 1.70 Table 12.8-1
T, Approximate Fundamental Period 0.95 Eq. 12.8-7
T Fundamental Period 4.00 §12.8.2
T, Long Period Transistion Period 6.00 Figure 22-15
Cs Seismic Response Coefficient 0.013 Eq. 12.8-6
k Structural Period Exponent 2 §12.8.3
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Seismic Design (East/West Direction)
Sym. Description Value ASCE Ref.
Ordinary Concrete Moment Frame

- Site Class C Table 20.3

- Occupancy Category 1 Table1-1

- Importance Factor 1.00 Table 11-5
Ss Spectral Response Acceleration, short 0.28 USGS

S, Spectral Response Acceleration, 1 sec. 0.06 USGS

F, Site Coefficient 1.20 Table 11.4-1
F, Site Coefficient 1.70 Table 11.4-2
Sme MCE Spectral Response Accel., short 0.336 Eq.11.4-1
Smi MCE Spectral Response Accel., 1 sec. 0.102 Eq.11.4-2
Sac Design Spectral Aceeleration, short 0.224 Eq.11.4-3
Sa1 Design Spectral Aceeleration, 1 sec. 0.068 Eq.11.4-4
Sac Seismic Design Category B Table 11.6-2

R Response Modification Coefficent 3.00 Table 12.2-1
G Approximate Period Perameter 0.016 Table 12.8-2
h, Building Height 180 -

X Approximate Period Perameter 0.90 Table 12.8-2
C Calculated Period Upper Limit 1.70 Table 12.8-1
T Approximate Fundamental Period 1.65 Eq. 12.8-7

T Fundamental Period 2.60 §12.8.2
T, Long Period Transistion Period 6.00 Figure 22-15
Cs Seismic Response Coefficient 0.011 Eq. 12.8-6

k Structural Period Exponent 2 §12.8.3
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Base Shear & Overturning Moment (North/South Direction)

story hx Story w,h,k C. Lateral Story
(ft) Wi. (k) Force (k) | Shear (k)

17 180 1610 8.4E+10 0.124 47.7 47.7
16 170 1828 9.7E+10 0.142 54.9 102.6
15 160 1828 8.6E+10 0.126 48.6 151.3
14 150 1828 7.5E+10 0.111 42.7 194.0
13 140 1828 6.5E+10 0.096 37.2 231.3
12 130 1828 S5.6E+10 0.083 32.1 263.4
11 120 1828 4.8E+10 0.071 27.4 290.7
10 110 1828 4.0E+10 0.060 23.0 313.7
9 100 1828 3.3E+10 0.049 19.0 332.7
8 90 1828 2.7E+10 0.040 15.4 348.1
7 80 1828 2.1E+10 0.031 12.2 360.3
6 70 1828 1.6E+10 0.024 9.3 369.6
5 60 1828 1.2E+10 0.018 6.8 376.4
4 50 1828 8.4E+09 0.012 4.7 381.2
3 40 1828 5.3E+09 0.008 3.0 384.2
2 30 1828 3.0E+09 0.004 1.7 385.9
1 20 658 1.7E+08 0.000 0.1 386.0
Total 25688 6.8E+11 386
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Base Shear & Overturning Moment (East/West Direction)
hx Sto Lateral Sto
SV 1w | owe ::) wh S| Force (k) Shearn(lk)
17 180 1610 8.4E+10 0.124 40.45 40.45
16 170 1828 9.7E+10 0.142 46.51 86.96
15 160 1828 8.6E+10 0.126 41.20 128.16
14 150 1828 7.5E+10 0.111 36.21 164.37
13 140 1828 6.5E+10 0.096 31.54 195.91
12 130 1828 5.6E+10 0.083 27.20 223.11
11 120 1828 4.8E+10 0.071 23.17 246.29
10 110 1828 4.0E410 0.060 19.47 265.76
il 100 1828 3.3E+10 0.049 16.09 281.85
8 90 1828 2.7E+10 0.040 13.04 294.89
7 80 1828 2.1E+10 0.031 10.30 305.19
6 70 1828 1.6E+10 0.024 7.89 313.08
5 60 1828 1.2E+10 0.018 5.79 318.87
4 50 1828 8.4E+09 0.012 4.02 322.89
3 40 1828 5.3E+09 0.008 2.57 325.47
2 30 1828 3.0E+09 0.004 1.45 326.92
1 20 658 1.7E+08 0.000 0.08 327.00
Total 29688 6.8E+11 327

From this analysis we can see the design seismic base shears for the North/South and
East/West directions are 386 kips and 327 kips respectively. Sample calculations for
these values can be found in Appendix E.
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DESIGN PROCESS

The following allowable drift criteria that will be used to check deflection for the
redesign of the buildings lateral system will be in accordance with the International
Building Code, 2006 edition.

(Allowable Building Drift) Awind = H/400 = 180%12/400 = 5.4 inches
(Allowable Story Drift) Aseismic = 0.015Hsx = 0.015%*10*12 = 1.8 inches

Comparing the wind and seismic values determined previously, the North/South
direction will be governed by wind, and the allowable building drift limit of 5.4 inches.
The East/West direction will be governed by seismic and the allowable story drift limit
of 1.8 inches.

The design of the braced frame lateral system originally had two braced frames in the
more critical North/West direction, and one in the East/West. These braced frames
were placed around the elevator core where they would not interrupt the floor plan.
(See Figure 8.1) As calculations showed in a previous tech report, braced frames would
not provide enough lateral resistance, and the entire structure would need to be
designed as a moment frame, in combination with the braced frames.

Figure 8.1
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ETABS MODEL

The gravity system originally determined was modeled using ETABS. Braced frames
were added between the columns around the core, and lateral forces were added to load
cases for both North/South wind and East/West seismic.

The model was run and building drift was in the magnitude of 30 inches. It was
determined more braces would be needed in the North/South direction. Two brace
frames were added on either side of the building. (See Figure 8.2 & 8.3)

Figure 8.2

Figure 8.3
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Members in the braced frame were resized to add more stiffness and the resulting
system was run. Building drift for the North/South direction was below the allowable
limit, with the maximum deflection of 5.33 inches. (See Figure 8.4)

A Point Displacements Figure 8 .4

Point Object 569 Story Level STORY17

X ¥ z
Trans -0.826220 5.330643 0.013807
Rotn -0.001821 -0.000299 -0.001042

Story drift for the East/West seismic loading also fell with the allowable limit, with the
maximum story drift of 1.22 inches. (See Figure 8.5)

W DISPLACEMENTS AND DRIFTS AT..[=5%]
File
STORY DISP-X DISP-Y
STORY17 7.547306 14.142645
7.164609 13.818535
6.746093 13.406213
6.303911 12.902171
5.841242 12.301808
5.362587 11.606566
.872570 10.822504 .
.376006 9.958810 Flgure 8.5

4
4
3.877840 9.026866
3
2
2

.383107 8.039793
.896887 7.012419
.424272 5.961664

1.970319
1.540021
1.138215
0.769971
0.442735 1.215662
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Verify the member forces the lateral system resists, tension forces were evaluated at
their maximum force on the building. (See Figure 8.6) It was found that the greatest
forces experienced on the structure fall well within the allowable stress for individual
members. Sample calculations can be found in Appendix F.

43 Axial Force Diagram

BRACE D25
Story Level STORY1

BOTTOM TOP

distance |0 value 138.08

Mave cursor over diagram for values

Figure 8.6
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DESIGN SUMMARY AND CONCLUSION

The lateral system’s design for lateral began with determining the wind and seismic
loading for Millennium Hall. Once these forces were calculated, controlling loads were
applied to the building.

ETABS was used to model the braced frames and to determine overall building and
story drift. Two braced frames needed to be added, and all the frames needed to be
strengthened. These frames, in combination with the entire floor system moment frame,
provided enough strength to meet allowable drift limits.

The final design results in the initial gravity system design, with the columns of the four
braced frames being constructed of W21x132, with the remaining non lateral system
columns being W10x100. The diagonal members are made up of HSS 77 x 57 x 1/2”.

Diagonal braced frame members were then evaluated for tension force and were found
to have member forces that are within the strength of the member.

Meeting all the requirements for strength and deflection, the lateral system
demonstrates the ability of the light weight braced frames to provide adequate lateral
resistance, even with a very tall and slender building.
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IMPACT ON FOUNDATION

To complete the structural redesign of the Millennium Hall building, the foundation
must be checked for adequate strength. The foundation is made up of drilled caissons,
one for each column of the building. To analyze if the caissons are strong enough for the
new design, the existing design is evaluated for the force on each caisson. If the new
design keeps the force equal to or below this value, the existing caissons can be used.

The existing plan has 20 caissons supporting the concrete structure’s 20 columns. (See
Figure 9.1) Assuming each column has an equal amount of the building load, each
caisson supports 920 kips of the structure weight. See Appendix G for detailed
calculations.

Figure 9.1

The new structural plan calls for 30 columns, increasing the number of caissons by 10.
Since the floor loads are transferred to the 20 columns on the exterior and 10 columns
on the interior, it is assumed that the interior 10 columns will take half of the load,
which will make them the critical columns. (See Figure 9.2)

¢

/ / Figure 9.2
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Although these columns are taking more of the load, the decreased overall weight of the
structural system still results in a caisson load of 678 kips at the critical columns, well
below that of the existing system. See Appendix G for detailed calculations.

The final design for the foundation will include an increase of 10 caissons for a total of
30 caissons, but the decreased weight mean most if not all of the caissons can be
reduced in size because of the lower forces on each.
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BREADTH STUDY I: ARCHITECTURAL IMPACT

To demonstrate knowledge outside of the structural depth, two breadth topics have been
considered in the redesign of the Millennium Hall building. The first to be discussed is
the architectural impacts the structural redesign has on the building. These impacts
include the appearance from the outside of the building and the adjustment to the
layout of a typical floor.

FACADE APPEARANCE

In the structural redesigns, the columns were moved to the exterior of the building,
removing the cantilevered slab that extended out 15 feet to the curtain wall. The existing
design has the curtain wall connecting directly to the slab edge. Moving the columns
has allowed the curtain wall to be connected directly to the column, removing any
moment do to this point load at the exterior building. This also eliminates the curtain
wall from the floor system loads, and becomes a direct load on the column line.

Since the curtain wall can remain the same material and design, there is no change in
the exterior of the building. The buildings exterior and a detail of the curtain wall
material can be seen below.
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TYPICAL FLOOR LAYOUT

While redesigning the structure, attention was taken to preserve the serviceability of the
space, and minimize changes to the original floor plan. Below is a typical floor layout

with the position of columns and shear walls superimposed on the existing floor plan.
(See Figure 10.1)

Figure 10.1

The columns shown here as red dots, fit into the walls that separate the residence rooms
and the public hallway. The shear walls encase the elevator core.
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The next figure below, shows the same floor plan, but includes the new column layout
and the addition of braced frames. (See Figure 10.2)

Figure 10.2

Once again the red dots represent the columns that have not affected to current layout.
The green shows elements that need to be addressed. The two columns, shown in green,
are not within a wall line. This open area is used as public space where students can
gather to study and converse. The addition of these columns may affect the layout of
furniture within the space, but should not affect the serviceability of the space. These
columns can easily be encased to improve the look of the space and hide the bare
structural element.

The green lines represent braced frames that will affect the existing layout. The walls
between rooms are 5 inches thick, but the new design requires a 7 inch wide brace to
pass inside the wall. To fit this, the center wall on both sides of the building will need to
be enlarged. To alleviate this adjustment, the remaining non bearing load walls between
rooms will have to be moved slightly outward so the area of all the room can remain
equal.
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BREADH STUDY II: CONSTRUCTION MANAGEMENT

The second breadth to be discussed outside of the structural depth will be the cost and
timeline of construction, and how both are affected by the redesign. Specifically, the cost
and timeline for construction of the structural system will be compared, since this is the
only change be evaluated. To compare the existing and new systems equally, all
elements that are required for the complete structural system will be included. RSMeans
cost data was used to approximate the unit cost and production for each system.

Special notice should be taken that the systems provided below are not complete
structural systems, small items or items appearing in both system were excluded to
reduce the calculations needed to make a comparison. Because of this, costs and
timelines may not reflect actual values, but can successfully be used to compare systems
equally.

EXISTING SYSTEM

The cast in place concrete system was first broken down into the amount of materials.
This included structural concrete, reinforcement, and framing. Once these values were
determined, total cost and daily crew output were determined. With these values, total
cost and length of construction could be calculated. This estimate shows a cost of $1.7
million with a timeline of 330 days. Item used for these calculations, as well as the
values extracted from RSMeans, can be found in Appendix H.

NEW SYSTEM

The steel system with composite deck was then evaluated. This system includes the steel
framing, steel decking, metal studs to develop composite strength, concrete,
reinforcement, and fire proofing. These elements will provide an equal result of a
complete system. As before, the quantities were calculated and with the cost and output
known, the total cost and schedule could be determined. This estimate shows a cost of
$2.3 million with a timeline of 130 days. Item used for these calculations, as well as the
values extracted from RSMeans, can be found in Appendix H.
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COMPARISON AND CONCLUSIONS

The results of these two systems are very different. The original concrete system is
cheaper, by $600,000. The best way to evaluate the difference may be to say the new
system is 35% more expensive.

The timeline for construction, is 200 days faster, a reduction of 40%. This seems to be
expected as the labor involved in framing out the concrete columns and slabs takes a
significant amount of time. Contrast this with the speed at which steel can be erected
and the lack of framing due to the steel deck, which has been designed to require no
framing during construction.

To make the comparison between the two, the cost and schedule must be weighted
against each other. The new structural system is more expensive, but a faster
construction time, along with the rest of the building’s systems, could mean savings
significant enough to make the steel system more economical to the owner.
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REFLECTIONS AND CONCLUSIONS

The redesign of the structural system of the Millennium Hall building had five main
goals, which were:

1. Reduce the weight of the overall building by optimizing the gravity system

2. Optimize the lateral force resisting system in coordination with the gravity
system

3. Verify the impact on the foundation system
4. Determine the impact on the architectural design including floor plan layout

5. Determine the impact that the redesign has on the construction schedule and
cost of the building

For the structural redesign, starting with the gravity system, a preliminary framing plan
was developed which removed the concrete cantilevered slab and replaced it with a
lighter steel composite deck. The members were then analyzed for lateral forces and
column members and diagonal braces were added and sizes were adjusted to keep drift
under allowable limits. The foundation was then checked to ensure the current caisson
foundation design was acceptable, which it was found to be.

To provide knowledge outside of the structural depth, the architectural design, including
appearance and floor plan layout were analyzed, as well as the cost and schedule affects
the redesign would have on both. The curtain wall design was proved to be adequate for
the new system, and with small adjustments to the typical floor layout, the floor plan
went mainly untouched. Finally the cost was determined to have gone up 35%, but the
length of building schedule improved by almost 40%.

Throughout this feasibility study of the structural redesign, it has been proven that a
steel system with a composite deck is a very viable option, one that could have been
seriously considered.

Senior Thesis Final Report | Page



MILLENNIUM HALL

Darrin | Structural

APPENDIX A: VULCRAFT CATALOG

| M\ \J \J U
Maximum Sheet Length 42'-0
Extra Charge for Lengths Under 6'-0
ICBO Approved (No. 3415)
t Slab __
W Depth STEEL SECT_|ON PROPERTIES Fy=40KslI
A — = La v — = 5 Deck Design Weight Ip In Sp Sn
R » Jle .o (o) 0 3 -4 g .3 )
2 Ll 2. ‘e ° ° 'Q 4 Type | PSF in?/Ft in%/Ft in®/Ft n°/Ft
e Dol O D e O 0 “L 3VLi22 [0.0295 |[1.77 0746 | 0745 | 0429 | 0442
(8 Q 20 i o o 3vLi21 | 00329 | 197 0850 | 0848 | 0495 | 0511
[ \,-._O ‘1’ % N )1 3 3VLI20 | 0.0358 | 2.14 0.938 0.937 0.553 0.572
" —‘f_f 3vLI9 0.0418 250 1.105 1.103 0.677 0.700
127 —-I —~1 4% 3VLI18 0.0474 284 1.251 1.251 0.795 0.803
5 i 3vLi7 0.0538 3.22 1.421 1.421 0913 0.913
24" or 36 3VLI6 [ 00598 |3.58 1580 | 1.580 | 1013 | 1.013
(N=9) NORMAL WEIGHT CONCRETE (145 PCF)
Total SDI Max. Unshored perimposed Live Load, PSF
Slab Deck Clear Span Clear Span (ft-in.) e
Depth Type 1Span | 2 Span 3Span |70 | 7-6 | 80| 86| 90 | 9-6 | 10-0 | 106 [ 110 [ 11-6({ 12-0')12-6 [ 13-0 [13-6 [ 14'0
3VLI22 78 9.7 9-7 | 216 195 | 149 133 120 109 99 90 83 76 64 59 54 50
5 3VLI21 8-11 11-3 114 | 230 | 206 | 187 | 170 128 116 | 106 96 88 81 74 68 63 58 54
3VLI20 96 1111 124 | 241 216 | 196 | 178 163 150 | 111 101 93 85 78 72 66 61 57
(t=2") | 3vL19 10-8 13-2 13-7 | 265 237 | 214 194 178 163 | 151 140 | 102 94 86 79 73 67 62
3VLI18 11-8 14-1 146 | 289 | 261 | 238 | 218 201 186 | 173 161 | 151 142 106 98 92 86 80
(44 PsF , > < 12-7. | 14-11 155 [ 309 | 278 | 253 | 231 212 196 | 182 170 | 159 150 Lot~y 133.] 97 91 85
“3VLI16 L 134 [ 1548 15-11 | 327 294 | 267 | 243 223 | 206 | 191 178 | 167 156 ! 147 139 4 132 96 89
70 8-9 89 | 247 190 | 170 | 152 137 124 | 113 103 94 87 67 62 57
512" | 3vui21 8-4 104 104 | 262 | 235 | 213 | 162 146 133 | 120 110 | 101 92 85 78 72 66 61
3VLI20 9-0 11-5 1.9 | 275 | 247 | 223 | 203 186 140 | 127 116 | 106 97 89 82 76 70 65
(t=21/2")| 3vLI19 10-1 12-7 13-0 | 302 | 270 | 244 | 222 203 186 | 172 128 | 117 107 98 90 83 7 4l
= 3VLI18 111 13-5 13-11 | 330 [ 298 | 271 248 229 | 212 | 197 184 | 173 130 121 112 | 105 98 92
S0 PSF | 3VLI17 1111 14-3 14-9 | 352 | 317 | 288 | 263 242 | 224 | 208 194 | 182 1 128 19 | 111 104 97
3VLI6 12-8 15-0 155 | 373 | 335 | 304 | 277 255 | 235 | 218 203 | 190 178 168 189 | 117 109 102
3VLi22 6-5 8-1 8-1 | 242 | 214 | 191 1 154 140 | 127 116 | 106 97 89 82 76 70 65
6 3VLI21 7-8 -7 9-7 | 294 | 264 | 204 183 165 149 | 135 124 | 113 104 95 88 81 75 69
3VLI20 8-7 10-11 10-11 | 309 | 277 | 250 | 228 173 157 | 143 130 | 119 109 100 92 85 79 73
(t=3") | 3VLi19 9-8 121 126 | 339 | 304 | 274 | 249 227 | 209 | 157 143 | 131 120 10 102 94 87 80
3VLI18 10-7 12-11 134 | 370 | 334 | 304 | 279 257 | 238 | 221 207 | 158 146 136 126 | 118 110 103
57PSF | 3VLI17 11-5 139 142 | 395 | 356 | 323 | 296 272 | 251 | 233 218 | 204 155 144 134 | 125 17 109
3VLI16 12-0 14-5 14-11 | 400 | 376 | 341 31 286 | 264 | 245 228 | 213 | 200 189 141 | 132 123 115
3VLi22 6-0 75 75 | 268 | 237 | 212 190 17 155 | 141 129 | 118 108 99 91 84 78 72
61/2" | 3vLi21 7-1 8-10 8-10 | 326 | 254 | 226 | 203 183 165 | 150 137 | 126 115 106 97 90 83 i
3VLI20 8-1 10-1 101 [ 343 | 307 | 278 | 214 192 174 | 158 144 | 132 121 11 103 95 87 81
(t=31/2")| 3vLI19 9-3 1-7 120 | 377 | 337 | 304 | 276 252 192 | 175 159 | 146 134 123 13 | 104 9% 89
3VLI18 10-1 12-5 12-10 | 400 | 371 | 338 | 309 285 | 264 | 246 189 | 175 162 151 140 | 131 122 115
63PSF | 3VLI17 10-11 13-3 13-8 | 400 | 395 | 359 | 328 302 | 279 | 259 242 | 186 172 160 149 | 139 130 121
3VLI16 11-6 13-11 14'4 | 400 | 400 | 378 | 345 317 | 293 | 272 253 | 237 | 222 169 157 | 146 136 128
3VLI22 5-7 6-11 6-11 | 295 | 261 | 233 | 209 188 171 | 155 142 | 130 119 109 101 93 86 79
b 3VLI21 6-7 8-3 8-3 | 316 | 279 | 249 | 223 201 182 | 165 151 | 138 127 116 107 99 91 84
3VLI20 7-6 95 9.5 | 377 | 338 | 262 | 235 212 192 | 174 159 | 145 133 122 13 | 104 96 89
(t=47) | 3VLI19 8-11 11-3 11-7 | 400 | 370 | 334 | 303 234 | 211 | 192 175 | 160 147 135 124 | 115 106 98
3VLI8 9-9 12-0 125 | 400 | 400 | 371 340 313 | 290 | 226 208 | 192 178 166 154 | 144 135 | 126
69PSF | 3VLI17 10-6 12-9 13-2 | 400 | 400 | 394 | 360 331 306 | 285 265 | 204 189 176 164 | 153 143 | 134
3VLI16 111 135 13-10 | 400 | 400 | 400 | 379 348 | 322 | 298 278 | 260 | 200 185 172 | 161 150 140
3VLI22 5-2 6-6 6-6 | 321 285 | 254 | 228 205 186 | 169 154 | 141 130 119 110 | 101 93 86
71/2° | 3vLi21 6-2 7-9 79 | 344 304 | 2711 243 219 198 | 180 164 | 150 | 138 127 117 | 108 100 92
3VLI20 71 8-10 8-10 | 400 | 321 | 286 | 256 231 209 | 190 173 | 158 145 134 123 | 114 105 97
(t=4 1/2")| 3VLI19 8-7 10-10 11-2 | 400 | 400 | 364 | 331 255 | 231 | 209 191 175 160 147 136 | 125 116 107
3VLI18 9'4 11-7 120 | 400 400 | 400 370 341 269 | 246 227 | 210 195 181 168 | 157 147 138
75PSF | 3VLI17 101 12-4 129 | 400 | 400 | 400 | 393 361 334 | 310 241 | 223 | 206 192 179 | 167 156 | 146
3VLI6 10-8 13-0 13-5 | 400 | 400 | 400 | 400 380 | 351 | 325 303 | 235 | 218 | 202 188 | 175 164 | 183
Notes: 1. Minimum exterior bearing length required is 2.5 inches. Minimum interior bearing length required is 5.0 inches.
If these minimum lengths are not provided, web crippling must be checked.
2. Always contact Vulcraft when using loads in excess of 200 psf. Such loads often result from concentrated, dynamic, or long term load cases
for which reductions due to bond breakage, concrete creep, etc. should be evaluated.
3. Allfire rated assemblies are subject to an upper live load limit of 250 psf.
4. Inquire about material availability of 17, 19 & 21 gage.
\48/
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APPENDIX B: COMPOSITE DECK CALCULATIONS
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APPENDIX C: RAM COLUMN TABLES

ﬂ ‘ Gravity Column Design Summary

‘ RAM Steel v14.03.01.00
DataBase: ram model 02/22/11 13:23:17
Building Code: IBC Steel Code: AISC360-05 ASD

] Arademit Citense, Nor ol Commercial T3,
Column Line A-6

Level P Mx My LC Interaction Eq. Angle Fv Size

level 17 44 1.1 1.0 1 0.05 Eq(H1-1b) 900 50 WI10X33
level 16 ERY 0.6 0.5 1 0.04 Eq(H1-1b) 900 50 WI10333
level 15 13.3 0.6 0.5 1 0.06 Eq(H1-1b) 900 50 WI10X33
level 14 17.8 0.6 0.5 1 0.08 Eq(H1-1b) 200 50 WI10X33
level 13 222 0.6 0.5 1 0.10 Eq(H1-10) 200 50 WI10X33
level 12 26.7 0.6 0.5 1 0.12 Eq(H1-1b) 900 50 WI10X33
level 11 311 0.6 0.5 1 0.14 Eq(H1-1b) 900 50 WI10X33
level 10 356 0.6 0.5 1 0.16 Eq(H1-1b) 900 50 WI10333
level 9 40.0 0.6 0.5 1 0.183 Eq(H1-1b) 900 50 WI10X33
level 8 45 0.6 0.5 1 022 Eq(H1-1a) 9200 50 WI10X33
level 7 480 0.6 0.5 1 024 Eq(H1-1a) 200 50 WI10X33
level 6 534 0.6 0.5 1 0.26 Eq(H1-1a) 200 30 WI10X33
level 5 57.8 0.6 0.5 1 0.28 Eq(H1-1a) 9200 50 WI10X33
level 4 62.3 0.6 0.5 1 030 Eq(H1-1a) 200 50 WI10X33
level 3 66.7 0.6 0.5 1 032 Eq(H1-1a) 900 50 WI10X33
level 2 712 038 0.6 1 0.35 Eq(H1-1a) 900 50 WI10X33
level 1 76.0 04 0.6 1 0.81 Eq(H1-1a) 900 50 WI10X33

Column Line B-5

Level P Mx My LC Interaction Eq. Angle Fyv Size

level 17 6.6 34 0.2 1 0.05 Eq(H1-1b) 200 50 WI10X33
level 16 131 17 01 1 0.06 Eq(H1-1b) 900 50 W10333
level 15 19.7 1.7 0.1 1 0.09 Eq(H1-1b) 900 50 WI10X33
level 14 262 1.7 0.1 1 0,12 Eq(H1-1b) 200 50 WI10X33
level 13 328 17 01 1 0.15 Eq(H1-1b) 900 50 W10333
level 12 304 17 01 1 018 Eq(H1-1b) 900 50 WI10333
level 11 459 17 01 1 023 Eq(H1-1a) 900 50 WI10333
level 10 52.5 1.7 0.1 1 026 Eq(H1-1a) 900 50 WI10333
level © 500 1.7 0.1 1 029 Eq(H1-1a) 900 50 WI10X33
level 8 65.6 1.7 0.1 1 032 Eq(H1-1a) 9200 50 WI10X33
level 7 722 1.7 0.1 1 035 Eq(H1-1a) 200 350 WI10X33
level 6 787 17 01 1 038 Eq(H1-1a) 900 50 WI10333
level 5 853 17 01 1 041 Eq(H1-1a) 900 50 WI10333
level 4 918 1.7 0.1 1 044 Eq(H1-1a) 900 50 WI10333
level 3 084 1.7 0.1 1 046 Eq(H1-1a) 900 50 WI10X33
level 2 1049 22 0.1 1 050 Eq(H1-1a) 900 50 WI10X33
level 1 112.0 1.1 0.2 1 097 Eq(H1-1a) 200 50 W10339

Column Line B-12

Level P Mx My LC Interaction Eq. Angle Fv Size

level 17 26 11 03 1 0.03 Eq(H1-1b) 900 50 W10333
level 16 53 06 01 1 0.02 Eq(H1-1b) 900 50 WI10333
level 15 7o 06 01 1 0.04 Eq(H1-1b) 900 50 WI10333
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Gravity Column Desion Summarv

‘ BEAM Steel v14.03.01.00 Page 214
DataBase: ram madel 022211 13:23:17
Building Cade: IBC Steel Code: AISC360-03 ASD

level t 1) ; % s V5] Eq(H1-1b) 9200 50 WI0R33

level 13 152 0.6 0.1 1 0.06 Eq(H1-1b) 800 50 WI0X53

level 12 15.8 0.6 0.1 1 0.07Eq(H1-1b) 900 30 WI0X53

level 11 184 0.6 0.1 1 0.0REqg(H1-1b) 900 30 WI0X53

level 10 211 0.6 0.1 1 0.10Eq (HI-1b)  90.0 30 WI0X353

level & 237 0.6 0.1 1 011 Eq(HI-1b)  50.0 30 WI0X33

level 8 26.3 0.6 0.1 1 012Eq (HI-1b) 900 30 WI0X33

level 7 0 0.6 0.1 1 0.13Eq(H1-1b) 200 50 WI0R33

level & 16 0.6 0.1 1 0.14Eq(H1-1b) 900 30 WI0X53

level 5 342 0.6 0.1 1 0.16 Eqg(H1-1b) 900 30 WI0X53

level 4 36 0.6 0.1 1 017Eq(HI-1b) 90.0 30 WI0X353

level 3 383 0.6 0.1 1 0.18Eqg (HI-1b)  50.0 30 WI0X33

level 2 421 07 02 1 019Eq (HI-1b) 900 30 WI0X33

level 1 451 04 0.1 1 048 Eq(Hl-1a) 200 50 WI0R33

Column Line C-10

Level P Mx My LC Imteraction Eq. Angle Fy Size

level 17 3.6 0.5 0.6 1 0.04Eq(H1-1k) 0.0 50 WI0X33
level 16 113 03 03 1 0.05Eq(H1-1b) 0.0 50 WI0X33
level 15 169 03 03 1 0.08Eq(HI-1b) 0.0 50 WI0X33
level 14 22.6 03 03 1 0.10EqH1-1k) 0.0 50 WI0X33
level 13 28.2 03 03 1 0.13EqHI1-1b) 0.0 50 WI0X33
level 12 33.9 03 03 1 0.15EqH1-1k) 0.0 50 WI0X33
level 11 39.5 03 03 1 0.18Eq(HI-1k) 0.0 30 WI0X33
level 10 45.2 0.3 0.3 1 0.22Eq(Hl-1a) 0.0 50 WI0X33
level 9 50.8 03 03 1 024Eq(Hl-1a) 0.0 50 WI0X33
level 8 56.5 03 03 1 027Eq(Hl-1a) 0.0 50 WI0X33
level 7 62.1 03 03 1 029Eq(Hl-1a) 0.0 50 WI0X33
level & 67.8 03 03 1 032Eq(Hl-1a) 0.0 50 WI0X33
level 5 734 03 03 1 034Eq(Hl-1a) 0.0 30 WI0X33
level 4 T9.1 0.3 0.3 1 037Eq(Hl-1a) 0.0 50 WI0X33
level 3 847 03 03 1 040Eq(H1-1a) 0.0 50 WI0X33
level 2 204 04 04 1 042Eq(H1-1a) 0.0 50 WI0X33
level 1 96.5 02 04 1 083Eq(Hl-1a) 0.0 50 WIOX39

Column Line D-4

Level P Mx My LC Imteraction Eq. Angle Fy Size

level 17 19 43 01 1006Egq{HI-1b) 900 30 WIO0X33
level 16 158 21 00 1007Egq{HI-1b) 900 30 WIOX33
level 13 237 21 00 1011Egq{HI-1b) 900 30 WIOX33
level 14 31.6 21 00 1 014Egq{H1-1b) 900 30 WIOX33
level 13 39.5 21 0.0 1 018Eq{HI-1b) 900 30 WIOX33
level 12 474 21 00 1024Eq{Hl-1a) 900 350 WIO0X33
level 11 55.3 21 00 1027Egq{Hl-1a) 900 30 WIO0X33
level 10 63.2 21 00 1031Egq{Hl-1a) 900 30 WI0X33

Senior Thesis Final Report | Page



MILLENNIUM HALL Darrin | Structural

Gravitv Column Design Summarv

‘ RAM Steel v14.03.01.00 Page 3/14

DataBase: ram model 02722011 13:23:17

Building Code: IBC Steel Code: AISC360-05 ASD
level i i HIVF034Eq(HI-1a) 900 50 WI0X33
level 8 0.0 21 0.0 1 038Eq(H1-1a) 9200 30 WI0X33
level 7 26.9 21 0.0 1 042Eq(H1-1a) 9200 30 WI0X33
level & 048 21 0.0 1 045Eq(H1-1a) 900 30 WI0X33
level 3 102.8 21 0.0 1 049Eqg(H1-1a) 200 350 WI10X33
level 4 110.7 21 0.0 1 0.32Eq(H1-1a) 900 350 WI10X33
level 3 118.6 21 0.0 1 036 Eq(H1-1a) 900 30 WI10X33
level 2 126.5 28 0.0 1 0.60Eq(H1l-1a) 200 50 WI0X33
level 1 1349 15 01 1 098 Eq(H1-1a) 9200 30 WI10X45

Column Line D-13
Level P Mx My LC Imteraction Eq. Angle Fy Size
level 17 78 43 01 1 006 Eq(H1-1b) 8200 30 WI0X33
level 16 15.8 21 0.0 1 0.07Eq(H1-1b) 200 30 WI0X33
level 15 237 21 0.0 1 0.11Eq(H1-1b) 900 50 WI10X33
level 14 316 21 0.0 1 0.14Eq(H1-1b) 200 30 WI0X33
level 13 303 21 0.0 1 0.18Eq(H1-1b) 900 350 WI0X33
level 12 474 21 0.0 1 024Eq(H1l-1a) 200 50 WI0X33
level 11 333 21 0.0 1 027Eq(H1-1a) 9200 30 WI10X33
level 10 63.2 21 0.0 1 031 Eq(H1-1a) 9200 30 WI0X33
level & 711 21 0.0 1 034Eq(H1-1a) 9200 30 WI0X33
level 8 T9.0 21 0.0 1 038Eq(H1-1a) 200 350 WI10X33
level 7 86.9 21 0.0 1 042Eq(H1-1a) 900 50 WI10X33
level 6 048 21 0.0 1 045Eq(H1-1a) 200 350 WI0X33
level 5 102.8 21 0.0 1 049Eq(H1-1a) 200 50 WI0X33
level 4 110.7 21 0.0 1 052 Eq(H1-1a) 9200 30 WI0X33
level 3 118.6 21 0.0 1 056 Eq(H1-1a) 9200 30 WI0X33
level 2 126.5 28 0.0 1 0.60Eqg(H1-1a) 900 30 WI10X33
level 1 1349 15 01 1 098 Eq(H1-1a) 200 350 WIOX45
Column Line E-9

Level P Mx My LC Imteraction Eq. Angle Fy Size
level 17 1.6 00 21 1 0.08 Eq (H1-1b) 0.0 30 WI0X33
level 16 15.2 00 1.0 1 0.07 Eq (H1-1b) 00 50 WI0X33
level 15 e 00 1.0 1 0.10 Eq (H1-1b) 00 50 WI0X33
level 14 30.5 0.0 1.0 1 0.14 Eq (H1-1k) 0.0 50 WI0A33
level 13 381 0.0 1.0 1 0.17 Eq (H1-1k) 0.0 50 WI0X33
level 12 457 00 1.0 1 0.23 Eq(H1-1a) 0.0 30 WI0X33
level 11 334 00 1.0 1 0.27Eq (H1-1a) 0.0 30 WI0X33
level 10 61.0 00 1.0 1 0.30Eq (Hl-1a) 00 50 WI0X33
level & 63.6 00 1.0 1 0.34 Eq (H1-1a) 00 50 WI0X33
level 8 76.2 0.0 1.0 1 0.37Eq(Hl-1a) 0.0 50 WI0X33
level 7 830 0.0 1.0 1 041 Eq(Hl-1a) 0.0 50 WI0X33
level & 1.3 00 1.0 1 044 Eq(Hl-1a) 0.0 30 WI0X33
level 5 o401 00 1.0 1 048 Eq (H1-1a) 0.0 30 WI0X33
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Gravity Column Desion Summary

l EAM Steel v14.03.01.00 Page 4/14
DataBase: ram model 02722111 13:23:17
Building Code: IBC Steel Code: AISC360-03 ASD

lweljtl!:lﬂimit tt“nﬁ.;ﬂfnrﬁ. MIERTHL U 5 Eq (H1-1a) 0o 50 WI0333

level 3 1144 0.0 1.0 1 0.35Eq (Hl-1a) 0.0 50 WI0333

level 2 1220 0.0 14 1 0.59 Eq (H1-1a) 0.0 50 WI0333

level 1 1302 0.0 19 1 097 Eq (Hl-1a) 0o 50 WI0X45

Column Line F-9

Level P Mx My LC Imteraction Eq. Angle Fy Size

level 17 144 00 00 1 0.07EqHI-1b) 00 50 WIL0X33
level 16 287 00 00 1 013EqHI-1b) 00 50 WI0X33
level 15 431 00 00 1 020Eq(HI-1b) 00 50 WI0X33
level 14 374 0o 00 1 026EqHl-1a) 00 50 WI10X33
level 13 71.8 0o 00 1 033Eq(Hl-la) 00 50 WI10X33
level 12 86.1 0.0 00 1 0.39EqHI-1a) 00 50 WI0X33
level 11 100.3 0o 00 1 046Eq(Hl-1a) 00 50 WI10X33
level 10 1148 00 00 1 0352Eq(HI-1a) 00 50 WI0X33
level @ 1202 00 00 1 039Eq(HIl-1a) 00 50 WI0X33
level 8 1433 00 00 1 065EqHIl-1a) 00 50 WI0X33
level 7 1579 0o 00 1 0.72Eq(Hl-1a) 00 50 WI10X33
level 6 1722 0.0 00 1 0.78Eq(HI-1a) 00 50 WI0X33
level 5 186.6 0o 00 1 085Eq(Hl-1a) 00 50 WI10X33
level 4 200.9 00 00 1 091Eq(Hl-la) 00 50 WIL0X33
level 3 2153 00 00 1 098Eq(HIl-la) 00 50 WI0X33
level 2 247 00 00 1 087Eq(HI-la) 00 30 WI0X39
level 1 2443 0o 00 1 099Eq(HI-la) 00 30 WI0X54

Column Line -3

Level P Mx My LC Imteraction Eq. Angle Fy Size

level 17 8.4 47 00 1007Eq{HI-1b) 900 30 WIOX33
level 16 16.8 24 00 1 008Egq{HI-1b) 900 30 WIOX33
level 13 25.2 24 0.0 1 011Egq{HI-1b)y 800 30 WIOX33
level 14 33.6 24 00 1015Eq{H1-1b) 800 30 WI0X33
level 13 421 24 00 1019Egq{HI-1b) 900 30 WIO0X33
level 12 50.5 24 00 1025Egq{H1-1a) 900 30 WI0X33
level 11 58.9 24 00 1029Eg{Hl-1a) 900 30 WIO0X33
level 10 67.3 24 00 1033Eq{Hl-1a) 900 30 WIO0X33
level @ 157 24 00 1037Eq{Hl-1a) 900 30 WIOX33
level 8 B4.1 24 00 1 040Eq(H1-1a) 900 50 WI0X33
level 7 925 24 00 1044Eq(H1-1a) 900 50 WIO0X33
level & 100.9 24 00 1048Eq(H1-1a) 900 30 WI0X33
level 5 1093 24 00 1032Egq{Hl-1a) 900 30 WIO0X33
level 4 117.8 24 00 10356Eq(Hl-1a) 900 30 WIO0X33
level 3 126.2 24 00 1 060Eg(Hl-la) 900 30 WIOX33
level 2 1346 31 00 1 064Eq(H1-1a) 900 50 WI0X33
level 1 1436 16 00 1065Eq(H1-1a) 800 30 WI0X49
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Gravity Column Desion Summarv

‘ FAM Steel v14.03.01.00 Page 3714
DataBase: ram model 02722111 13:23:17
Building Code: IBC Steel Code: AISC360-05 ASD

E i1 [ 4 ] R
Column Line G-14

Level P Mx My LC Imteraction Eq. Angle Fy Size

level 17 84 47 00 1007Egq{HI-1b) 900 30 WIOX33
level 16 169 24 00 1 008Egq{HI-1b) 900 30 WIOX33
level 13 253 24 0.0 1012Eq{HI-1b)y 900 30 WIOX33
level 14 338 24 00 1015Eq{H1-1b) 800 30 WI0X33
level 13 422 24 00 1019Egq{HI-1b) 900 30 WIO0X33
level 12 50.7 24 00 1025Egq{H1-1a) 900 30 WI0X33
level 11 59.1 24 00 1029Eg{Hl-1a) 900 30 WIO0X33
level 10 67.6 24 00 1033Eq{Hl-1a) 900 30 WIO0X33
level @ 76.0 24 00 1037Eq{Hl-1a) 900 30 WIOX33
level 8 844 24 00 1041Eq{H1-1a) 900 50 WI0X33
level 7 929 24 00 1044Eq(H1-1a) 900 50 WIO0X33
level & 101.3 24 00 1048Eq(H1-1a) 900 30 WIO0X33
level 5 109.8 24 00 1032Egq{Hl-1a) 900 30 WIO0X33
level 4 118.2 24 00 10356Eq(Hl-1a) 900 30 WIO0X33
level 3 126.7 24 00 1 060Eg(Hl-la) 900 30 WIOX33
level 2 1351 32 00 1 064Eq(H1-1a) 900 50 WI0X33
level 1 1442 16 00 1065Eq(H1-1a) 800 30 WI0X49

Column Line H-7

Level P Mx My LC Imteraction Eq. Angle Fy Size

level 17 8.6 5.0 01 1 0.07Eq(H1-1b) 0.0 50 WI0X33
level 16 173 25 01 1 0.08Eq(HI-1b) 0.0 50 WI0X33
level 13 259 25 01 1 012EqH1-1b) 0.0 50 WI0X33
level 14 34.5 25 01 1 0.16Eq(H1-1b) 0.0 50 WI0X33
level 13 431 25 01 1 020EqH1-1b) 0.0 50 WI0X33
level 12 51.8 23 01 1 0.26Eq(Hl-1a) 0.0 50 WI0X33
level 11 60.4 25 01 1 030Eq(H1-1a) 0.0 50 WI0X33
level 10 69.0 25 01 1 034Eq(Hl-1a) 0.0 50 WI0X33
level 9 1717 25 01 1 038Eq(H1-1a) 0.0 50 WI0X33
level 8 86.3 25 01 1 042Eq(Hl-1a) 0.0 50 WI0X33
level 7 949 25 01 1 046Eq(Hl-1a) 0.0 50 WI0X33
level & 103.6 23 01 1 0.30Eq(H1-1a} 0.0 30 WI0X33
level 5 112.2 23 01 1 0.33Eq(Hl-1a) 0.0 50 WI0X33
level 4 120.8 25 01 1 037Eq(H1-1a) 0.0 50 WI0X33
level 3 1204 25 01 1 0.61Eq(Hl-1a) 0.0 50 WI0X33
level 2 138.1 33 01 1 0.66Eq(Hl-1a) 0.0 50 WI0X33
level 1 1474 17 01 1 0.66Eq(Hl-1a) 0.0 50 WI0X49

Column Line H-9

Level P Mx My LC Imteraction Eq. Angle Fy Size

level 17 250 6.6 0.3 1 0.14Eq(HI-1b) 00 30 WI0X33
level 16 50.1 33 03 1 026Eq(HI-la) 00 30 WI0X33
level 15 731 33 03 1 0.38EqHI-la) 00 30 WI0X33
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Gravity Column Desion Summarv

l BAM Steel v14.03.01.00 Page 6/14
DataBase: ram model 022211 13:23:17
Building Cade: IBC Steel Code: AISC360-05 ASD

level T 2 : LU g 40 Eq(H1-1a) 0.0 30 WI0X33

level 13 1252 i3 03 1 0.61 Eq (H1-1a) 0.0 30 W10X33

level 12 1503 i3 03 1 0.72Eq (H1-1a) 0.0 30 WI10X33

level 11 1733 i3 03 1 0.83Eq (Hl-1a) 0.0 30 WI10X33

level 10 2004 i3 03 1 095Eq(Hl-1a) 0.0 30 WI10X33

level & 2235 i3 03 1 0.89 Eq (H1-1a) 0.0 30 Wi0x39

level 8 250.6 i3 03 1 098 Eq (H1-1a) 0.0 30 WI10X39

level 7 2757 34 03 1 0.93 Eq(Hl-1a) 0.0 30 WI0k45

level & 301.0 34 03 1 (.84 Eq (H1-1a) 0.0 30 WI10X49

level 3 3262 jd 03 1 0.91 Eq (Hl-1a) 0.0 30 WI10X49

level 4 3514 jd 03 1 098 Eq (H1-1a) 0.0 30 WI10X49

level 3 376.6 jd 03 1 096 Eq (H1-1a) 0.0 30 WI10X54

level 2 401.9 435 04 1 092 Eq(Hl-1a) 0.0 30 W10Xan

level 1 4286 24 04 1 0.89Eq (Hl-1a) 0.0 30 WI0X100

Column Line I-2

Level F Mx My LC Imteraction Eq. Angle Fy Size

level 17 6.3 335 00 1 005EqiHI-1b) 900 30 WIO0X33
level 16 12.5 18 00 1 006EqiHI-1b) 900 30 WIO0X33
level 15 18.8 18 00 1 009Eq(HI-1b) 900 30 WIO0X33
level 14 250 18 00 1 011EqiHI-1b) 900 30 WIO0X33
level 13 313 18 00 1 014EqiHI-1b) 900 30 WIO0X33
level 12 37.5 13 00 1 017EqiHI-1b) 900 30 WIO0X33
level 11 438 13 00 1 020EqiHI-1b) 900 30 WIO0X33
level 10 50.0 13 00 1 024EqiHI-1a) 90.0 30 WI0X33
level 9 56.3 18 00 1 027EqiH1-1a) 900 30 WIO0X33
level 8 62.5 18 00 1 030EqiH1-1a) 900 30 WI0X33
level 7 68.8 18 00 1 033EqiH1-1a) 900 30 WIO0X33
level 6 75.0 13 00 1 036EqiH1-1a) 900 30 WI0X33
level 5 81.3 13 00 1 039EqiH1-1a) 900 30 WIO0X33
level 4 87.5 13 00 1 041EqiHI-1a) 900 30 WIO0X33
level 3 938 18 00 1 044EqiH1-1a) 900 30 WIO0X33
level 2 100.0 23 00 1 048BEqiH1-1a) 90.0 30 WI0X33
level 1 106.7 12 00 1 092EqiH1-1a) 90.0 30 WIO0X39

Column Line I-15

Level P Mx My LC Imteraction Eq. Angle Fy Size

level 17 8.3 49 00 1 007Egq(HI-1b) 900 30 WI0X33
level 16 169 24 00 1 008Eq(HI-1b) 900 30 WIO0X33
level 15 254 24 00 1 012Eq(HI-1b) %00 30 WI0X33
level 14 339 24 00 1 015Eq(HI-1b) 900 30 WI0X33
level 13 424 24 00 1 019Eq(HI-1b) 200 30 WI0X33
level 12 50.8 24 00 1 025Eq(HI-1a) 900 30 WI0X33
level 11 59.3 24 00 1 029Eg(HI-1a) 900 30 WI0X33
level 10 67.8 24 00 1 033Eg(HI-1a) 900 30 WI0X33
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MILLENNIUM HALL Darrin | Structural

Gravity Column Desion Summarv

‘ BEAM Steel v14.03.01.00 Page 7/14
DataBase: ram madel 022211 13:23:17
Building Cade: IBC Steel Code: AISC360-03 ASD

level 762 + LVF037 Eq(H1-1a) 900 50 WI0R33

level 8 847 24 0.0 1 041 Eq(H1-1a) 800 50 WI0X53

level 7 932 24 0.0 1 045Eq(H1-1a) 900 30 WI0X53

level & 101.6 24 0.0 1 048Eq(H1-1a) 900 30 WI0X53

level 3 1101 24 0.0 1 052Eq(H1-1a) 90.0 30 WI0X353

level 4 118.6 24 0.0 1 056 Eq(HI-1a) 90.0 30 WI0X33

level 3 1271 24 0.0 1 060Eq (HI-1a} 900 30 WI0X33

level 2 1355 33 0.0 1 0.65Eq(H1-1a) 500 50 WI0R33

level 1 144 6 1.7 0.0 1 0.65Eq(H1-1a) 900 30 Wiok49

Column Line K-1

Level P Mx My LC Imteraction Eq. Angle Fy Size

level 17 6.3 i6 00 1 005Eq(HI-1b) 9200 50 WI0333
level 16 125 18 00 1 006Eq(HI-1b) 900 30 WIO0X33
level 15 18.8 18 00 1 009Eq(HI-1b) 900 30 WI0333
level 14 250 18 00 1 011EqHI-1b) 200 30 WIO03X33
level 13 313 18 00 1 014Eq(HI-1b) 200 30 WIO0X33
level 12 373 18 00 1 017Eq(HI-1b) 200 30 WIO0X33
level 11 438 18 00 1 020Eq(HI-1b) 200 50 WI0333
level 10 50.0 18 00 1 024Eq(HI-la) 900 30 WIO0X33
level @ 56.3 18 00 1027Eg(HI-la) 900 30 WI0333
level 8 62.3 18 00 1 030Eq(HI-1a) 9200 30 WI0333
level 7 68.8 18 00 1033Eq(HI-1a) 9200 30 WIO0X33
level 6 73.0 18 00 1036Eq(HI-1a) 9200 30 WIO0X33
level 5 81.3 18 00 1 039Eq(HI-1a) 920.0 30 WIO0X33
level 4 87.6 18 00 1 041Eq(HI-1a) 900 30 WI03X33
level 3 038 18 00 1 044Eq(HI-1a) 900 30 WI0333
level 2 100.1 24 00 1 048Eq(HI-1a) 900 30 WI0333
level 1 106.8 12 00 1092Eq(HI-1ay 900 30 WI0X39

Column Line K-16

Level P Mx My LC Imteraction Eq. Angle Fy Size

level 17 8.8 51 00 1 007EqHI-1b) 200 30 WIOX33
level 16 173 2.6 00 1 008Eq(HI-1b) 200 30 WIOX33
level 15 26.3 2.6 00 1012EqHI-1b) 200 30 WIOX33
level 14 35.0 2.6 00 1 016Eq(HI-1b) 200 30 WIO0X33
level 13 43.8 26 00 1 020Eq(HI-1b) 9200 30 WIOX33
level 12 5.6 26 00 1026EqHI-1a) 9200 30 WIO0X33
level 11 61.3 2.6 00 1030EqHI-1a) 200 30 WI0X33
level 10 70.1 2.6 00 1 034Eq(HI-1a) 900 30 WI0X33
level @ 78.8 2.6 00 1038EqHI-la) 200 30 WIOX33
level 8 87.6 2.6 00 1042Eq(HI1-1a) 200 30 WI0R33
level 7 064 26 00 1 046Eq(HI-1a) 9200 30 WIO0X33
level 6 103.1 26 00 1030EqHI-1a) 9200 30 WIO0X33
level 5 1139 2.6 00 1034EqHI-1a) 9200 30 WIO0X33
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l FAM Steel v14.03.01.00
DataBase: ram model
Building Cade: IBC

Page 214
02/22/11 13:23:17

Steel Code: ATSC360-05 ASD

3 BT U038 Eq (H1-12)

level 227

level 3 1314 26 0.0
level 2 1402 34 0.0
level 1 1496 1.7 0.0

Column Line M-2
Level P Mx My
level 17 6.3 35 0.0
level 16 125 18 0.0
level 15 188 18 0.0
level 14 250 18 0.0
level 13 1.3 1.8 0.0
level 12 375 18 0.0
level 11 438 18 0.0
level 10 50.0 18 0.0
level & 36.3 18 0.0
level 8 62.5 18 0.0
level 7 63.8 1.8 0.0
level & 73.0 18 0.0
level 5 813 18 0.0
level 4 875 18 0.0
level 3 938 18 0.0
level 2 10:0.0 23 0.0
level 1 106.7 12 0.0
Column Line M-15

Level P Mx My
level 17 8.5 49 0.0
level 16 16.9 24 0.0
level 15 254 24 0.0
level 14 EERY 24 0.0
level 13 24 24 0.0
level 12 50.8 24 0.0
level 11 393 24 0.0
level 10 67.8 24 0.0
level & 76.2 24 0.0
level 8 84.7 24 0.0
level 7 932 24 0.0
level § 101.6 24 0.0
level 5 1101 24 0.0
level 4 118.6 24 0.0
level 3 127.1 24 0.0
level 2 1355 33 0.0
level 1 1446 1.7 0.0

1 0.62 Eq (H1-12)
1 0.67Eq (H1-1a)
1 0.67Eq (H1-12)

Interaction Eq.
0.05 Eq (H1-1k)
0.06 Eq (H1-1k)
0.09 Eq (H1-1k)
0.11 Eq (H1-1k)
0.14 Eq (H1-1k)
0.17 Eq (H1-1k)
0.20 Eq (H1-1k)
0.24 Eq (H1-1a)
0.27Eq (H1-1a)
0.30 Eq (H1-1a)
0.33 Eq (H1-1a)
0.36 Eq (H1-1a)
0.39 Eq (H1-1a)
041 Eq (H1-1a)
044 Eq (H1-1a)
048 Eq (H1-1a)
092 Eq (H1-1a)

b b b b b b b b b ek b b b b b b b [

" Imteraction Eq.
0.07 Eq (H1-1b)
0.08 Eq (H1-1b)
0.12 Eq (H1-1kb)
0.15 Eq (H1-1kb)
0.19 Eq (H1-1b)
0.25 Eq (H1-1a)
029 Eq (H1-1a)
0.33 Eq (H1-1a)
0.37 Eq (H1-1a)
041 Eq (H1-1a)
045 Eq (Hl-1a)
048 Eq (H1-1a)
0.52 Eq (H1-1a)
0.36 Eq (H1-1a)
0.60 Eq (H1-1a)
0.65 Eq (H1-1a)
0.65 Eq (H1-1a)

ok o ok ok ok ok ok ok ok ok ok ok ok ok ok ok ek |

90.0
20.0
20.0
20.0

Angle
90.0
90.0
20.0
80.0
80.0
90.0
90.0
90.0
20.0
80.0
80.0
90.0
90.0
90.0
20.0
80.0
80.0

Angle
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0

30
30
30
30

30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30

EFy
50
50
30
50
30
30
50
50
30
50
30
30
50
50
50
50
30

WI10X33
W10X33
W10X33
W10x49

Size

W10333
WI10333
WI10333
WI10333
W10333
W10333
W10333
WI10333
WI10333
W10333
W10333
W10333
W10333
W10333
WI10333
W10333
WI10X39

Size

WI10333
W10333
W10333
W10333
WI10333
WI10333
W10333
WI10333
W10333
W10333
W10333
WI10333
W10333
WI10333
W10333
W10333
WI10349
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MILLENNIUM HALL Darrin | Structural

Gravity Column Desion Summarv

‘ BAM Steel v14.03.01.00 Page 9/14
DataBase: ram model 02722011 13:23:17
Building Code: IBC Steel Code: AISC360-05 ASD

_ AT 1 TETTial Ue.
Column Line N-7

Level P Mx My LC Imteraction Eq. Angle Fy Size

level 17 8.6 5.0 01 1 007EqgHI-1b) 0.0 30 WI0X33
level 16 173 25 01 1 0.08 Eq(HI-1b) 0.0 30 WIO0X33
level 15 259 25 01 1 012Eq(HI-1b) 0.0 30 WIO0X33
level 14 34.3 25 01 1 016EqHI-1E) 0.0 30 WIOX33
level 13 431 25 01 1 020Eq(HI-1b) 0.0 30 WIO0X33
level 12 51.8 25 01 1 026Eq(HI1-1a) 0.0 30 WI0X33
level 11 60.4 25 01 1 030Eqg(HI1-1a) 0.0 30 WI0X33
level 10 69.0 25 01 1 034Eq(HI-1a) 0.0 30 WIO0X33
level & T3 25 01 1 038Eq(HIl-1a) 0.0 30 WIO0X33
level 8 86.3 25 01 1 042EqHI-1a) 0.0 30 WIOX33
level 7 40 25 01 1 046Eq(H1-1a) 0.0 30 WI0X33
level & 103.6 25 01 1 0.30Eq(HI1-1a) 0.0 30 WIO0X33
level 5 11232 25 01 1 033Eq(HIl-1a) 0.0 30 WI0X33
level 4 120.8 25 01 1 037Eq(HI-1a) 0.0 30 WIO0X33
level 3 1294 25 0.1 1 061 Eq(HI-1a) 0.0 30 WIO0X33
level 2 138.1 i3 0.1 1 0.66 Eq(HI-1a) 0.0 30 WIOX33
level 1 1474 17 01 1 0.66 Eq(H1-1a) 0.0 30 WI0X49

Column Line N-9

Level P Mz My LC Imteraction Eq. Angle Fy Size

level 17 244 6.6 0.5 1 0.14EqHI-1E) 0.0 30 WIOX33
level 16 48.8 i3 03 1 026Eq(Hl-1a) 0.0 30 WI0X33
level 15 732 i3 0.3 1 037Eq(HI-1a) 0.0 30 WI0X33
level 14 973 i3 0.3 1 048Eqg(HI1-1a) 0.0 30 WI0X33
level 13 1219 i3 0.3 1 039Eq(HI-1a) 0.0 30 WIO0X33
level 12 146.3 i3 0.3 1 0.70Eq(HI-1a) 0.0 30 WIO0X33
level 11 170.7 i3 0.3 1 0.81EqHI-1a) 0.0 30 WIOX33
level 10 195.1 i3 0.3 1 092Eq(Hl-1a) 0.0 30 WI0X33
level @ 2195 i3 0.3 1 0.87Eq(HIl-1a) 0.0 30 WI0X39
level 8 2440 i3 03 1 096Eqg(HI1-1a) 0.0 30 WI0X39
level 7 268.5 34 0.3 1 090Eq(HI-1a) 0.0 30 WI0X43
level & 293.0 34 0.3 1 098 Eq(HIl-1a) 0.0 30 WI0X43
level 5 3175 34 0.3 1 0.89Eq(HIl-1a) 0.0 30 WI0H49
level 4 3421 34 0.3 1 096 Eq(H1-1a) 0.0 30 WI0X49
level 3 366.6 34 0.3 1 093Eq(HI-1a) 0.0 30 WI0N54
level 2 3013 43 04 1 090EqgHI1-1a) 0.0 30 WI0Xs0
level 1 4174 24 0.3 1 0.87Eq(HI-1a) 0.0 30 WIOX100

Column Line O-3

Level P Mx My LC Interaction Eq. Angle Fy Size

level 17 8.3 46 0.0 1 007Eg(HIL-1b) 9200 30 WI0X33
level 16 16.3 23 0.0 1 008Eq(HI-1b) 900 30 WI0X33
level 15 24.8 23 0.0 1 011Eq(HI-1b) 900 30 WI0X33
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MILLENNIUM HALL Darrin | Structural

Gravity Column Desion Summarv

‘ BEAM Steel v14.03.01.00 Page 10/14
DataBase: ram model 022311 13:23:17
Building Cade: IBC Steel Code: AISC360-03 ASD

level t 3 > BLUF0.15 Eq(H1-1b) 900 50 WI0X33

level 13 414 23 0.0 1 0.19Eq (H1-1b) 200 S0 W10X53

level 12 406 23 0.0 1 025Eq(H1-1a) 900 300 WI10X353

level 11 FR 23 0.0 1 028Eq(H1-1a) 900 300 WI10X33

level 10 66,2 23 0.0 1 032 Eq(H1-1a) 90.0 30 WI10X33

level & 745 23 0.0 1 036 Eq(H1-1a) 90.0 300 WI10X33

level 8 827 23 0.0 1 040Eq (HI-1a) 90.0 300 WI10X33

level 7 a1.0 23 Q.0 1 044 Eq(Hl-1a) 200 50 WI0X33

level & 403 23 0.0 1 047Eq(H1-1a) 900 300 WI10X353

level 5 107.6 23 0.0 1 031 Eq(H1-1a) 900 300 WI10X33

level 4 115.8 23 0.0 1 055Eq(H1-1a) 90.0 30 WI10X353

level 3 1241 23 0.0 1 0.59Eq(H1-1a) 90.0 300 WI10X33

level 2 1324 j1 0.0 1 0.63Eq(HI-1a) 900 300 WI10X33

level 1 141.3 1.6 Q.0 1 0.64Eq(H1l-1a) 200 50 Wiok4e

Column Line O-14

Level P Mx My LC Imteraction Eq. Angle Fy Size

level 17 8.3 47 00 1 007EqiHI-1b) 9200 30 WI0X33
level 16 16.6 23 00 1 008EqiHI-1b) 200 50 WIOX33
level 15 249 23 00 1 011Eq(HI-1b) 200 50 WI0X33
level 14 33.2 23 00 1 015EqiHI-1bB) 200 30 WIO0X33
level 13 415 23 00 1 019EqiHI-1b) 9200 50 WIO0X33
level 12 498 23 00 1 025EqiH1-1a) 9200 350 WI0X33
level 11 58.2 23 00 1 029EqiHI-1a) 900 30 WIO0X33
level 10 66.5 23 00 1 032EqiHI-1a) 9200 30 WIO0X33
level 9 T4.8 23 00 1036EqiHI-1a) 9200 50 WIO0X33
level 8 831 23 00 1 040EqiHI-1a) 200 30 WIO0X33
level 7 914 23 00 1 044EqiH1-1a) 200 350 WIO0X33
level & N 23 00 1 047EqiH1-1a) 9200 350 WIO0X33
level 3 108.0 23 00 1 031EqiHI-1a) 900 30 WIO0X33
level 4 116.3 23 00 1 035Eq(HI-1a) 9200 30 WIO0X33
level 3 1246 23 00 1 039EqiH1-1a) 200 50 WIOX33
level 2 1329 3l 00 1 063EqiHI-1a) 9200 30 WIO0X33
level 1 1419 16 00 1 064EqiHI-1a) 200 350 WI0X49

Column Line P-9

Level P Mx My LC Interaction Eq. Angle Fy Size

level 17 144 0.0 0.0 1 0.07EqgHIL-1b) 0.0 30 WI0X33
level 16 28.7 0.0 0.0 1 013Eq(HI-1b) 0.0 30 WIO0X33
level 15 431 0.0 0.0 1 020Eq(HI-1b) 0.0 30 WIO0X33
level 14 574 0.0 0.0 1 026Eq(HIl-1a) 0.0 30 WIO0X33
level 13 718 00 0.0 1 033EqHl-1a) 0.0 30 WIOX33
level 12 86.1 0.0 0.0 1 039Eq(HIl-1a) 0.0 30 WIO0X33
level 11 100.3 0.0 0.0 1 046Eq(HI1-1a) 0.0 30 WI0X33
level 10 114.8 0.0 0.0 1 032Eq(HIl-1a) 0.0 30 WI0X33
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MILLENNIUM HALL Darrin | Structural

Gravity Column Desion Summarv

‘ EAM Steel v14.03.01.00 Page 11/14
DataBase: ram model 022311 13:23:17
Building Code: IBC Steel Code: AISC360-03 ASD

level 157 u e S L Eq (H1-1a) 0.0 50 WI0X53

level 8 1435 0.0 0.0 1 0.65 Eq (Hl-1a) 0.0 30 WI0X53

level 7 157.9 0.0 0.0 1 0.72Eq (H1-1a) 0.0 30 WI0X53

level & 1722 0.0 0.0 1 0.78 Eq (H1-1a) 0.0 30 WI0X353

level 3 186.6 0.0 0.0 1 0.85Eq (HIl-1a) 0.0 30 WI0X33

level 4 2009 0.0 0.0 1 091 Eq (HI1-1a} 0.0 30 WI0X33

level 3 2153 0.0 0.0 1 098 Eq (Hl-1a) 0.0 50 WI0R33

level 2 2207 0.0 0.0 1 0.87Eq(H1-1a) 0.0 30 Wiokse

level 1 2448 0.0 0.0 1 099 Eqg (H1-1a) 0.0 30 WI0k54

Column Line (-9

Level P Mx My LC Imteraction Eq. Angle Fy Size

level 17 8.0 0.0 22 1 0.08Eq(H1-1b) 0.0 50 WI0X33
level 16 16.1 0.0 1.1 1 0.07EqH1-1k) 0.0 50 WI0X33
level 13 241 0.0 1.1 1 0.11EqH1-1k) 0.0 50 WI0X33
level 14 322 0.0 1.1 1 015EqH1-1k) 0.0 50 WI0X33
level 13 40.2 0.0 1.1 1 0.18Eq(HI-1k) 0.0 30 WI0X33
level 12 482 0.0 11 1 025Eq(Hl-1a) 0.0 50 WI0X33
level 11 56.3 0.0 1.1 1 028Eq(Hl-1a) 0.0 50 WI0X33
level 10 64.3 0.0 1.1 1 032Eq(H1-1a) 0.0 50 WI0X33
level 9 724 0.0 1.1 1 036Eq(Hl-1a) 0.0 50 WI0X33
level 8 80.4 0.0 1.1 1 039EqHl-1a) 0.0 50 WI0X33
level 7 88.4 0.0 1.1 1 043Eq(Hl-1a} 0.0 30 WI0X33
level & 96.5 0.0 1.1 1 047Eq{H1-1a} 0.0 50 WI0X33
level 5 104.5 0.0 11 1 0.30Eq(H1-1a) 0.0 50 WI0X33
level 4 1126 0.0 1.1 1 034Eq(H1-1a) 0.0 50 WI0X33
level 3 120.6 0.0 11 1 038Eq(Hl-1a) 0.0 50 WI0X33
level 2 128.6 0.0 14 1 0.62Eq(Hl-1a) 0.0 50 WI0X33
level 1 1373 0.0 0.9 1 0.62Eq(Hl-1a} 0.0 30 WIOXK49

Column Line R-4

Level P Mx My LC Imteraction Eq. Angle Fy Size

level 17 19 43 01 1006Eg{HI-1b) 900 30 WIOX33
level 16 15.8 21 00 1007Eq{HI-1b) 900 30 WIOX33
level 13 237 21 0.0 1 011Egq{HI-1b)y 800 30 WIOX33
level 14 31.6 21 00 1014Eq{H1-1b) 900 50 WIO0X33
level 13 39.5 21 00 1018Egq{HI-1b) 900 30 WIO0X33
level 12 475 21 00 1024Egq{Hl-1a) 900 30 WIO0X33
level 11 554 21 00 1027Eq{Hl-1la) 900 30 WIO0X33
level 10 63.3 21 00 1031Egq{Hl-la) 900 30 WIOX33
level @ T1.2 21 0.0 1 034Eq{Hl-1a) 900 30 WIOX33
level 8 79.1 21 00 1038Eq(H1-1a) 900 30 WI0X33
level 7 87.0 21 00 1042Eq{H1-1a) 900 30 WI0X33
level & 249 21 00 1045Eq{H1-1a) 900 30 WI0X33
level 5 102.8 21 00 1049Eq(H1-1a) 900 30 WIO0X33
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FAM Steel v14.03.01.00
DataBase: ram model
Building Code: IBC

Page 12/14
022211 13:23:17

Steel Code: ATSC360-05 ASD

3 BT UF-0 57 Eq (H1-13)

level Lo

level 3 118.6 21 0.0 1
level 2 126.6 2. 0.0 1
level 1 135.0 15 01 1

Column Line E-13
Level P Mx My LC
level 17 T8 43 01 1
level 16 15.8 21 0.0 1
level 15 237 21 0.0 1
level 14 ile 21 0.0 1
level 13 305 21 0.0 1
level 12 475 21 0.0 1
level 11 354 21 0.0 1
level 10 633 21 0.0 1
level & 7.2 21 0.0 1
level 8 791 21 0.0 1
level 7 87.0 21 0.0 1
level & 040 21 0.0 1
level 5 102.8 21 0.0 1
level 4 1107 21 0.0 1
level 3 118.6 21 0.0 1
level 2 126.6 28 0.0 1
level 1 135.0 1.5 0.1 1
Column Line 5-8

Level P Mx My LC
level 17 3.8 0.5 0.6 1
level 16 11.8 03 03 1
level 15 17.6 03 03 1
level 14 235 03 03 1
level 13 04 03 03 1
level 12 333 03 03 1
level 11 412 03 03 1
level 10 471 0.3 0.3 1
level & 5240 03 03 1
level 8 58.8 03 03 1
level 7 647 03 03 1
level 6 T0.6 03 03 1
level 3 76.5 03 03 1
level 4 824 0.3 0.3 1
level 3 882 03 03 1
level 2 o411 04 04 1
level 1 100.5 02 04 1

0.56 Eq (H1-1a)
0.60 Eq (H1-1a)
0.98 Eq (H1-1a)

Interaction Eq.
0.06 Eq (H1-1h)
0.07 Eq (H1-1b)
0.11 Eq (H1-1k)
0.14 Eq (H1-1b)
0.18 Eq (H1-1b)
0.24 Eq (H1-1a)
0.27Eq (H1-1a)
031 Eq(H1-1a)
0.34 Eq (H1-1a)
0.38 Eq (H1-1a)
0.42Eq(H1-1a)
0.45Eq(H1-1a)
0.49 Eq (H1-1a)
0.52Eq (H1-1a)
0.56 Eq (H1-1a)
0.60 Eq (H1-1a)
098 Eq (Hl-1a)

Interaction Eq.
0.04 Eq (H1-1b)
0.05 Eq (H1-1b)
0.08 Eq (H1-1b)
0.11 Eq (H1-1b)
0.13 Eq (H1-1b)
0.16 Eq (H1-1b)
0.19 Eq (H1-1b)
0.22 Eq (H1-1a)
025 Eq (H1-1a)
0.28 Eq (H1-1a)
0.30 Eq (H1-1a)
0.33 Eq (H1-1a)
0.36 Eq (H1-1a)
0.38 Eq (H1-1a)
0.41 Eq (H1-1a)
0.44 Eq (H1-1a)
0.27 Eq (H1-1a)

20.0
00.0
00.0
20.0

Angle
90.0
20.0
90.0
20.0
90.0
90.0
90.0
20.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
20.0

Angle
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

30
30
30
30

30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30

Ey
50
30
50
30
30
50
50
50
50
30
30
50
50
50
30
30
30

W10X33
W10X33
W10X33
WI10X45

Size

WI10X33
WI10X33
WI10X33
WI10X33
W10X33
WI10X33
W10X33
WI10X33
WI10X33
WI10X33
W10X33
WI10X33
W10X33
WI10X33
WI10X33
WI10X33
WI10H43

Size

WI10X33
W10X33
WI10X33
W10X33
WI10X33
WI10X33
WI10X33
WI10X33
WI10X33
W10X33
WI10X33
WI10X33
WI10X33
WI10X33
W10X33
W10X33
WI10X39
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Gravity Column Desion Summary

l EAM Steel v14.03.01.00 Page 13/14
DataBase: ram model 02722111 13:23:17
Building Code: IBC Steel Code: AISC360-03 ASD

2 o1 mETCHat TEe
Column Line T-5
Level P Mx My LC Imteraction Eq. Angle Fy Size

level 17 27 11 03 1 003Eq(H1-1b) 900 30 W1O0X33
level 16 54 0.6 01 1 002Eq(H1-1b) 900 30 WI0X33
level 15 82 0.6 01 1 004Eq(H1-1b) 900 30 WI0X33
level 14 109 0.6 01 1 005Eq(HI-1b) 200 30 W10X33
level 13 13.6 0.6 01 1 006Eq(HI-1b) 200 30 W10X33
level 12 163 0.6 01 1 007Eq(H1-1b) 900 30 W10X33
level 11 191 0.6 01 1 009Eq(H1-1b) 900 30 W10X33
level 10 21.8 0.6 01 1 010Eq(H1-1b) 900 30 W10X33
level & 245 0.6 01 1 011EqHI-1by 900 30 WI0X33
level § 272 0.6 01 1012Eq(HI1-1b) 200 30 W10X33
level 7 30.0 0.6 01 1 014Eq{H1-1b) 900 30 WIOX33
level & 327 0.6 01 1 015Eq(H1-1b) 200 30 W10X33
level 5 354 0.6 01 1016Eq(H1-1b) 900 30 W10X33
level 4 381 0.6 01 1017Eq(H1-1b) 900 30 W10X33
level 3 409 0.6 01 1019EqHI-1by 900 30 W10X33
level 2 436 0.8 02 1 020Eq(HI-1b) 200 30 WI0X33
level 1 46.6 04 01 1 049Eq{H1l-la} 900 30 WIOX33

Column Line T-12

Level P Mx My LC Imteraction Eq. Angle Fy Size

level 17 6.7 33 02 1 006Eg{HI-1b) 900 30 WIOX33
level 16 135 17 01 1 006Eq{HI-1b) 900 30 WIOX33
level 15 20.2 17 01 1009Eq{HI-1b) 900 50 WIO0X33
level 14 270 17 01 1012Eq{H1-1b) 900 30 WIO0X33
level 13 337 17 01 1015Eq{H1-1b) 900 30 WI0X33
level 12 40.5 17 01 1018Egq{H1-1b) 900 30 WIOX33
level 11 47.2 17 01 1023Egq{Hl-la) 900 30 WIOX33
level 10 4.0 17 01 1 026Eq{Hl-1a) 900 30 WIOX33
level 9 N 17 01 1 029Eq({H1-1a) 900 30 WI0X33
level 8 74 17 01 1032Egq{H1-1a) 900 30 WIO0X33
level 7 T4.2 17 01 1036Egq{Hl-1a) 900 30 WI0X33
level & §0.9 17 01 1039EqH1-l1a) 900 30 WIO0X33
level 5 871.7 17 01 1042EqHl-1a) 900 30 WIO0X33
level 4 944 17 01 1 045Eq{H1-1a) 900 30 WIOX33
level 3 101.2 17 01 1 048Eq(H1-1a) 900 50 WI0X33
level 2 1079 23 01 10351Eq{H1-1a) 900 50 WI0X33
level 1 115.1 12 02 1099Egq(H1-1a) 900 30 WI0X39

Column Line T-11

Level P Mx My LC Imteraction Eq. Angle Fy Size

level 17 44 11 1.0 1 005EqiHI-1bB) 9200 50 WIOX33
level 16 89 0.6 05 1 004Egq{H1-1b) 900 30 WIO0X33
level 13 133 0.6 05 1006Eq{HI-1b) 900 30 WIOX33
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Gravity Column Desion Summarv

l BAM Steel v14.03.01.00 Page 14/14
DataBase: ram model 022211 13:23:17
Building Cade: IBC Steel Code: AISC360-05 ASD

level T il ; ALUF008 Eq(HI1-1b) 200 30 WI0X33

level 13 122 0.6 05 1 0.10Eq (H1-1b) 200 30 W10X33

level 12 26.7 0.6 ] 1 0.12Eq (H1-1b) 900 30 WI10X33

level 11 11 0.6 ] 1 0.14Eqg (H1-1b) 900 30 WI10X33

level 10 356 0.6 05 1 016 Eq (H1-1b)  90.0 30 WI10X33

level & 40.0 0.6 035 1 0.18Eq (H1-1b) 90.0 30 WI10X33

level 8 445 0.6 05 1 022Eq(Hl-1a) 900 30 WI10X33

level 7 459 0.6 0.3 1 024Eq(Hl-1a) 900 30 WI0X33

level & 534 0.6 ] 1 026 Eq(H1-1a) 900 30 WI10X33

level 3 57.8 0.6 ] 1 028Eq(H1-1a) 900 30 WI10X33

level 4 623 0.6 05 1 030Eq(H1-1a) 90.0 30 WI10X33

level 3 66.7 0.6 035 1 032Eq(Hl-1a) 900 30 WI10X33

level 2 72 0.8 0.6 1 035Eq(Hl-1a) 900 30 WI10X33

level 1 6.0 04 0.6 1 0.81Eq(H1-1a) 900 30 WI0X33
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APPENDIX D: WIND CALCULATINONS

TECH # | WD CALCULKTIONS '\/Z_

Kz => FRoM TABLE | SOME INTERPOLATED

EX. Freok 1o 1 Y,

1l

<|’+o-l<oo>(|.l‘-l~- l.13> s

(l&o -160)

\/7_ s [/S
Zi = Ox OOZS(OKZ_ KZﬁ Kd \/LI

Ex. Flook 2t 0.00256(0, 7 )(1.0Y0-85Y 90) (1.0) = 12.338

Z = (80

ZL\ & o.oozsc,Q.\?X\.OX0,85X9O>'LO.O> = 20,6272

C,(; WINDWARD = 0.8
Cp wowmnd = —=05S N(s

C"P Lewsed = —0.3F2 €W

G(_(,; = +06.18

Pz= ZquCP-ﬁk chf{ \WINDWARD
Py = 5L. Yo -;k Gl LMD

EX. FlLootk 53 ?; = (H,987,>(0.$5\X0.8> - (u-ozi)(—o,la

= 13.900‘75{3
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| 2
TECH iatl \N\ND cc\Lwmeoms / Z

EX. FlooRr 57 P\\ (20 G‘LXO %SX'O S> (Zo (ai’ZXo /9>

= - | 2.4%F0 {JYF (N/s>
pw = (20-022Y0.8 55(.0.3%) ~(zo-¢22Y 0 /3>
= - 0.233p3f (g/w>

ToTAL fRESWRE = |(’z\+\h\

Th Flook B4 \16.2(8\+(— lz.%?c,’ = 2369 psf

(N/S>
TSTAL FoR(E = Tf x ARELA

TAX. FoR |0 28.353 (Io’xuo'>/°oo = 2. 189 K

ToTAL SWEAR = T or el * V¥ wenELS ABVE

EX Flosk bt (32.9(o9>+(_33.231> = bb.20| k

TOTAL MoMENT Feom LEVEL. = l¢ X Mead Flosk KT.

EX. FLoR (2 (31.8Lf8>x<\l°-i,{%3> = 3980.%%8 '
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APPENDIX E: SEISMIC CALCULATIONS

\
Tewt #| SE ISMIC  CALCS. /7_
Ex. ~Nis
Sms = Fa S = \.7_(0.18> =0.336

Sm, = FvSi = \.?(o.oco>=o. (02

Sve = 7'/5 Sahs = /2 <0.23(p>: s M

1l

Spi 2'/'5 Smr = 1’/5 (0-/07-) = 0.008

.15
Tw = Cxh, = o.ov_(180>° = .95
i P =@,95X\?>= 4.c0
ToTAL BLDG WT. = (059 + I5<IB7—3>+“010-: 29,0688 K
BasE  Sweak (V) = Cs\Wr

W o= O-O\(o<29,(988> = 435 K

Wy

EX. LEVELZ® K%ox\gzélz = “.ox/0’

K & /"
P = e W Swdxhx = (.8xm
2‘Nxb\x&
I
2,0 %12
y = = . 60
EX: Leva- 24 . Bxio" O GOt
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‘ Z
TECH | SEISMIC CALS. / z

S PR P e S—— SRR G O L S S

F)< = C\Ix \/

EX. LBVEL 9% (o.o‘T?X‘-FFS) = 7.%:Y k

SHEAR STORY = Fxor oo + AF Aot

EX. LeveL V0% (6% (,,>+(58.8> = 126.3 K

My = TR - Mead Froor HT

TR Levee 3¢ CS?—>< 5'9—:,3—?—) = 130,92 Ik
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APPENDIX F: MEMBER CHECK SAMPLE CALCULATION

DIAGONAL MEMBER — A

e K
[ENSILE FoRGE = |38

(138" = [4.7 ks
9. 75"

Hss F'x8 %l => As=9.F5in"

A9gag =TEEL 2= Fa = 50 ki

;. OK FoR TENS(oN

(ArscC |- n>

< 50 ksl
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APPENDIX G: FOUNDATION CALCULATIONS

Existing System

Reinforced Slab 3206 cy
+ Reinforced Columns 1333 cy
4539 cy
(4539¢cy x 150 pcf x 27 cf/cy) = 18,383 kips
18,383 kips/ 20 columns = 920 kips/col. |
MNew System
W10 x 100 100 X 4320 If = 432,000 lbs
W2l x 132 132 X 1440 If = 190,080 lbs
WE x 10 10 X 5032 If = 50,320 lbs
Wild x 22 22 X 6426 If = 141,372 lbs
WLE x 35 35 X 1020 If = 35,0600 lbs
W2l x 132 132 X 2448 If = 323,136 lbs
16 gauge deck/concrete/reinf. 44 x 2B81320sF = 12,378,080 lbs
= 13550588 lbs
= 13551 kips
13551 kips / 2 = 6776 kips 6776 / 10columns = 678 kips/col. |
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APPENDIX H: COST & SCHEDULE CALCULATIONS

Existing System
concrete daily output units total o&p = amount days S cost
clab-3000 psi C. ¥. 107 3206 343042
placing =10 180 C. Y. 24 3206 17.81
column-3000 C.Y. 107 1333 142631
placing column 140 c.y. 31 1333 9.52
framing daily output units total o&p  amount days S cost
slab, flat slab 560 s.f. 6.8 86560 154.57 588608
column 250 sfca 8.4 4760 19.04 39984
reinforcing daily output units total o&p  amount days S cost
2.3 ton 1925 306.38 133.2087  589781.5
total

334.1487 1704046.5
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New System

columns daily output units  total o&p  amount days S cost
W10x100 960 I f. 155 4320 4.5 669600
W21x132 1000 I f. 170 1440 1.44 244800
heams daily output units | total o&p  amount days S cost
WEx10 600 I f. 23.5 5032 8.39 118252
W14X22 990 I f. 40.5 6426 6.5 260253
W18x35 960 I f. 55 1020 1.06 56100
W21X132 1000 I f. 170 2448 2.45 416160
decking daily output units  total o&p  amount days S cost
16 Gauge 3200 s. f. 3.25 86560 27.05 281320
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concrete daily output units  total o&p  amount days S cost
3000 psi C. V. 107 801 85707
placing <6 140 C. y. 31 201 5.72
tire proofing daily output units  total o&p  amount days S cost
flat decking 2400 s.f. 1.16 86560 36.07  100409.6
welded studs daily output units  total o&p  amount days S cost
studs 1025 each 2.23 9600 9.37 21408
W W F daily output units  total o&p  amount days S cost
4" x 4' 25 csf 100 685.6 27.424 68560
total

128.974 2322570
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