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Executive Summary

This report investigates the structural concepts used to design the University of
Cincinnati Athletic Center in Cincinnati, Ohio. It is broken down into four sections:

Building Description
The UC Athletic Center is an 8 story, 220,000 ft* multi-use sports facility. It
has a unique curved shape and “diagrid” exterior. The floor and roof systems
are composite steel wide flange beams with composite slab-on-deck. Typical
bays are about 27'x27’, thought the layout is highly varied by floor. Interior
columns are full height. Exterior “V” columns support the rigid diagrid
enclosure, transferring load into spread footings and piers below grade.
Lateral bracing is composed of the diagrid structure, braced frames, and
foundation shear walls.

Design Codes and Standards
The 1998 Ohio Basic Building Code is the model code. Loading is
determined with ASCE 7-98.

Calculations
Gravity (structure self weight, superimposed dead and live) and Lateral (wind
and seismic) loads were derived and summed. Total dead weight per above-
grade floor varied from 2300-2800 kips. Critical unfactored wind base shear
(408.3K) is greater than unfactored seismic base shear (392.0k).

Spot checking will be done for one floor framing element and one lateral
frame. These calculations have not been performed yet.

Additional Considerations
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Building Description

Introduction
The University of Cincinnati Athletic Center is an 8 story, 220,000 ft* multi-use

facility to be located in the heart of UC’s “Varsity Village” athletic complex. The
building is designed to accommodate various sports-related activities all under
one roof and to function as the social link and architectural centerpiece of a multi-
stage athletic expansion plan. As such, it will be situated between two main
sports facilities, the Nippert Football Stadium and the Shoemaker Center, with
easy access to other sports fields and areas. See figure in Appendix A.1.

The structure is made up of 3 below-grade stories (levels 100-300) and 5 above-
grade stories (levels 400-800). The structure will accommodate office space,
public meeting areas, computer labs, locker rooms, treatment areas, and other
related athletic support.

Architecture
Architecturally, the design is characterized by
its unique exterior facade (right). The facade
consists of a triangulated “exo-skeleton” of al‘
concrete-covered  steel. This  skeleton, ‘.'.H“ 1

WV

referred to as a “diagrid”, forms a visually AW MW

VA .'1'; s YT

dominant shell around the building. The .m iy T Y IR
R | -

heaviness of this exterior system is offset by dﬁllm

its light color and appears to be lifted off the

ground by a series of v-shaped columns.

Also unique to the building is its curved shape. There are no
corners in above-grade plan, creating a rather unusual kidney or
“link-pin” shape (right). The interior space of the building itself is
divided by a 5-story atrium running down the middle of its main
section. To each side are offices, meeting rooms, and
administrative areas. Below ground is a more conventional
rectangular footprint, with mainly sports facilities and locker
rooms. Horizontal movement through the building is kept simple
by its compact design, however vertical movement is facilitated
by a set of elevators and a grand staircase in the atrium.
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Structural System
Floor system
The floor framing is typical steel composite beams with composite metal decking
supporting one-way slab diaphragms. Most connections are shear only,
however, some elements framing into full height columns near the atrium are
designed with moment connections to support atrium walkways. The layout is
not regular due to the highly curved shape of the building, however, the N-S
direction spacing is typically 9’ o.c. In general, three main framing areas can be
identified on the above-grade floors as shown in the figure below. These are:
Orange — North bays (longer, more regular spans)
Green — Elevator and stair cores (highly varied, shorter spans)
Pink — Atrium bays (regular spacing with moment connections)
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bay occurs in the rectangular basement
at levels 200 and 300. A bay there
measures 27’ x 27'-8” with intermediate
beams spaced at 9’ o.c. The beams are
partially composite, with a 6.5 inch slab-
on-deck. Deck depth is 2 inches. A
diagram representing this typical bay is
shown at right.
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Roof

The roof is also a composite steel beam system with composite slab. The roof
consists of a lower roof and high roof. The high roof covers the atrium and the
east portion of the building. The layout is consistent with the 27’ bays found on
lower levels. Slab thickness on the roof is 6 inches with a 2 inch deck.

Columns

Within the building there are two main rows of steel columns. These rows
straddle the atrium in the N-S direction and support the interior gravity loads from
the floors and partitions. All interior columns are the full height of the building.

On the upper exterior floors (levels 500-800), the diagrid
carries the vertical loads, and therefore there are no typical
columns. At levels 400 and 300, however, the diagrid is
supported by large “V” columns. These are either heavy wide

flange rolled shapes or built-up boxes. They are rigidly
connected to both the diagrid and the substructure. Gravity  §
loads from the upper floors is transferred down through the V
columns into single below-grade columns. A rendering of a V
column is shown right.

Foundation

The foundation utilizes a combination of spread footings and drilled piers, set into
sound gray shale. Shear walls are typically 1'6” thick. Part of the foundation will
be built over portions of existing facilities. These facilities have been demolished
and the nearby Shoemaker Center is underpinned during excavation to ensure
structural integrity. A portion of the building along the North side interfaces with
the Shoemaker Center.

Enclosure

As explained above, the enclosure consists primarily of a

diagrid structure. The diagrid acts as a rigid shell, and for
structural purposes can be considered a very thin, deep

beam. The diagrid itself is composed of wide flange rolled
sections welded or bolted for full restraint. The steel will be BRI e
covered with concrete or similar material to produce a ="
monolithic appearance. Between the beams are triangular

window glazings. A rendering of the diagrid connection is

shown right.

Lateral bracing

Wind and seismic loading is transferred to the ground through an unusual lateral
system. Loads are accumulated above grade at the diagrid fagcade. Since the
facade acts as a rigid structure, it transfers all loads to a braced frame system at
the diagrid base (level 500). The braced frame acts in tandem with the moment-
connected V columns to transfer the shear into the foundation shearwalls and
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substructure columns. Two braced frames for the critical E-W loading are
located approximately centrically on either end of the building. These braced
frames will be discussed in more detail in a later section.

Material Strengths
Material strengths were obtained from drawing general notes.

Reinforced Concrete

Location Aggregate f'c (psi)
Footings, piers Normal weight 3000
Slab on grade Normal weight 3000
Walls and columns Normal weight 4000
Beams and slabs Normal weight 4000
Slab on steel deck Normal weight 3000
Equipment pads/curbs Normal weight 3000
Lean concrete Lightweight 3000
Reinforcement
Type ASTM Standard fy (ksi)
Deformed reinforcing bars A615 Gr. 60 60
Welded wire fabric A185 Gr. 70 70
Structural Steel

Shape ASTM Standard fy (ksi)
Wide flanges A992 50
Channels and tees A572 Grade 50 50
Rectangular & round HSS A500 Grade B 46
Pipes A53 Type E 35
Angles A36 36
Plates A36 36
Built-up sections (box & I) A572 Grade 50 50

Design Codes and Standards

Building Codes
1998 Ohio Basic Building Code
2002 Ohio Building Code (Seismic Design Only)

Design Specifications and Standards

Loads
ASCE 7-98 “Minimum Design Loads for Buildings and Other Structures”

Concrete
ACI 301 “Specifications for Structural Concrete for Buildings”
ACI 315 “Manual of Standard Practice for Detailing Reinforced Concrete Structures”
ACI 318 “Building Code Requirements for Reinforced Concrete and Commentary”

Structural Steel
AISC “Manual of Steel Construction, Load and Resistance Factor Design”, 3" Edition
AISC “Code of Standard Practice for Steel Buildings and Bridges”
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AW
AIS
AIS
AIS

Calculations

S D1.1 “Structural Welding Code”

C “Specification for Structural Joints Using ASTM A325 or A490 Bolts”

| “Specification for the Design of Cold-Formed Steel Structural Members”
C/CISC — Steel Design Guide Series 11: Floor Vibrations Due to Human Activity

Loads

Building loads were obtained using ASCE 7-98 Standard, which is referenced in
the 1998 Ohio Basic Building Code. The loading can be split into two main
categories, gravity loads and lateral loads. Most of this section is referenced in
appendices for convenience and ease of reading, due to its computation-
intensive nature.

Gravity
Gravity loads consist of the superstructure dead load, the superimposed dead
load, and live loading.

Superstructure load — The structural engineer used a computer analysis
program to determine the self weight of the superstructure. Since this
is a preliminary report, these loads were estimated using a simplified
procedure. The theory behind the procedure is found in Appendix B.1,
while the load calculations are tabulated in Appendix B.2.

Superimposed load — Loading diagrams on the drawings were used to
compile total superimposed loads for each floor. Appendix B.3 shows
the dead load for each type of occupancy in the “Total Dead” column.
Appendix B.4 tabulates the total load for each floor. These
calculations will be used in a later section. Dead Loads are
summarized below.

Level Superimposed | Superstructure Total
(kip) (kip) (kips)

Roof 1973 368 2341
800 2084 438 2522

700 2100 438 2538

600 2361 438 2800

500 2209 390 2600

400 (ground) 5026 460 5486

Live load — Loading diagrams on the drawings were used to compile live

loads for each floor. Appendix B.3 shows the live load for each type of
occupancy in the “Live Load” column. Snow loads were assumed to
be 30psf with 50psf drifts as indicated on the drawings.
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Lateral
Lateral loads were evaluated for wind and seismic loading.

Wind — Wind loads were based on a 90mph basic wind speed, exposure
B, and an importance factor of 1.15. Though the shape of the building
is unusual, the structural engineer made the assumption that the
building could be modeled as a simple rectangular box, 5 stories high.
The high roof was not taken into consideration for purposes of
simplicity. The preliminary calculations are found in Appendix C.1.
Wind pressures gradients were evaluated in both the N-S and E-W
directions, as found in Appendix C.2. The summation of story shear is
evaluated in Appendix C.3. They are summarized in graphical format
below.

Wind shear in E-W direction

Seismic - The governing code used in the structural design of the UCAC is
the 2002 OBBC, which is adapted from the IBC 2000. IBC 2000
references ASCE 7, and therefore seismic analysis was performed
using ASCE 7-98 for consistency with the wind analysis. The design is
based on Seismic Use Group I, Site Class B, and an importance factor
of 1.25. Using these provisions, the building fell under Seismic Design
Category A, and therefore the story shear could be calculated as
F«=0.01*g. Preliminary calculations to determine the SDC are found in
Appendix C.4. Seismic story shear is summarized in the figure below,
with the total base shear equal to 392 kips.
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Seismic shear in both directions.

Spot Checking
Spot checking for one floor framing element and one lateral frame was done
using the loads calculated in the Loads section.

Floor framing element
Not yet completed

Lateral frame
Not yet completed

Additional Considerations
Not yet completed

Notes:
Full calculations and design materials are available upon request.
All images courtesy of Bernard Tschumi Architects or Arup Services.
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Appendix C.2

University of Cincinnati Athletic Center 10/8/2003
Brian Genduso

N-S Direction

Coefficients

Windward 16.3

Leeward -3.7
Height Kz Windward Leeward Total MWFRS

(ft) (psf) (psf) (psf)

0-15 0.57 9.3 -3.7 13.0
15-20 0.62 10.1 -3.7 13.8
20-25 0.66 10.8 -3.7 14.5
25-30 0.70 11.4 -3.7 15.1
30-40 0.76 12.4 -3.7 16.1
40-50 0.81 13.2 -3.7 16.9
50-60 0.85 13.9 -3.7 17.6
60-70 0.89 14.5 -3.7 18.2
70-80 0.93 15.2 -3.7 18.9

E-W Direction

Coefficients

Windward 16.3

Leeward 9.1
Height Kz Windward Leeward Total MWFRS

(ft) (psf) (psf) (psf)

0-15 0.57 9.3 -9.1 18.4
15-20 0.62 10.1 -9.1 19.2
20-25 0.66 10.8 -9.1 19.9
25-30 0.70 11.4 -9.1 20.5
30-40 0.76 12.4 -9.1 21.5
40-50 0.81 13.2 -9.1 22.3
50-60 0.85 13.9 -9.1 23.0
60-70 0.89 14.5 -9.1 23.6
70-80 0.93 15.2 9.1 24.3
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