Jonathan Ebersole
235 E. Fairmount Ave. Apt. 102
State College, PA 16801

November 20, 2013

Dr. Linda Hanagan
Associate Professor

212 Engineering Unit A
University Park, Pa 16802

Dear Dr. Hanagan,

This document is developed to help guide you through the evaluation of alternative lateral load
cases for the Oklahoma University Children’s Medical Office Building. The purpose of this
assignment is to understand the methods used to distribute the lateral forces throughout the
lateral force resisting system. Strength and serviceability requirements for the lateral systems are
also addressed in this assignment. The document contains a site plan of the building along with a
list of codes and documents used during the analysis. This document is accompanied with
calculations that derive the gravity loads as well as the lateral loads used in the analysis.
Calculations for the distribution of the loads and the strength and serviceability checks are also
contained within.

Sincerely,

Jonathan Ebersole
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General Information

Project Team - Location: 1200 North Children’s Avenue, Oklahoma
- Owner: University Hospitals Trust City, Oklahoma

- Construction Manager: Flintco, Inc. - Occupancy: Office

- Project Architect: Miles Associates - Size: 320,000 sq. ft.

- Design Architect: Hellmuth, Obata, and Kassabaun, Inc. - Height: 12 Stories for a total of 172 ft.

- Structural Engineer: Zahl-Ford - Construction Dates: February 2007-Spring of 2009

- MEP Engineer: ZRHD, P.C. - Building Cost: $59,760,000
- Civil Engineer: Smith, Roberts, Baldischwiler, Inc. - Delivery Method: Design-Bid-Build

Architecture
- Exterior Fagade comprised of brick Veneer with large glass curtain wall on the front face of the building

- Supports Hospital with additional office space, exam rooms, and labs
- Membrane roof system with rigid insulation and light weight insulating concrete

Structural Design

- Reinforced concrete columns and beams

- 10” thick flat slab system with drop panels

- Concrete shear walls located in elevator shafts and stairwells

- Drilled pier foundation with a minimum bearing capacity of 45 KSF

Mechanical Design
- 7,500 CFM Air Handling unit occupies each floor
- Heat Exchanger is used to heat water before entering the heating coil
- 850 CFM fans are used to pressurize the stairwells

Lighting/Electrical Design
- Service voltage is 480/277 V, three phase, with 4 wires
- Voltage reduced to 120/208V, three phase, with 4 wires and supplied to each panel box
- Fluorescent lamps are used throughout the building to save energy costs
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General Information

Executive Summary

OU Children’s Medical Office Building is an office building located in Oklahoma. It is
situated next to an existing hospital and parking garage. The building houses offices,
examination rooms and labs for the expanding OU Children’s Hospital. It is the largest
free standing clinical office in the state and provides much needed medical services to the
children of Oklahoma and their families.

The structure of the building is reinforced concrete. The building uses a flat slab system
supported by columns and exterior beams. Drop panels are used at the column locations
to provide extra shear and moment capacity to the slab. The columns are supported on
piers that transfer the loads to bedrock underneath the building. The building also uses
shear walls and moment frames to resist the lateral forces.

This building provides several unique challenges that a typical office building would not
otherwise have. These include a parking garage located on the first floor, a future
helicopter pad positioned on the roof, and impact loads on lower levels for vehicle
collisions with the building. These design parameters will increase the difficulty of future
design assignments as all load cases must be analyzed.



WEST BOUND N.E. |3th STREET

Page |4

Site Plan
o N N ol
| o8 3—'\_;-. ¥
d \ Jan
1 ] = = w:mT_ e . .y ; | ‘
e T = S =t
1 *’ Y l , . = [11THE] ;
& P =4 C aw‘
@ h%—l B &f@:.
e ' ] @
8 = T TE % |
‘ = =8 J o || e
T B WEH r = R
— £ | | [ 3 lel 5
= QTTTTTTTTTTTTge IEERE
= we= : d % ¢ §
|'_: L] llhll\ § o | ¥ | ®
N—— -—— S— i -

PHILLIPS
so B © O © O © B & &

PHILLIPS

v® B g w W @ @ o °

Figure A. Building outlined in red.

OU Children’s Medical Office Building is located on 1200 N. Children’s Avenue
Oklahoma City, Oklahoma between Stanton L. Young Blvd and N.E. 13th Street. (Refer
to figure A for site and building footprint). The building is twelve stories above grade and
is approximately 180 feet tall. The building footprint is 22,820 square feet with a total
area of 320,000 square feet. The building is positioned between an existing hospital and
existing parking structure. A large atrium connects the hospital to the office building and
parking structure but it is a future addition and not part of the original office construction.
The building is located in an urbanized area which will later impact the design for the
lateral loads.

List of Documents

For this assignment, several documents where used in order to evaluate the lateral system
members. The ACI 318-02 code was used to analyze the existing shear walls. | also used
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examples and design aids from the sixth edition of Reinforced Concrete Mechanics and
Design written by James Wight and James MacGregor.
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vios 162 [ 1230vsug)li) s o2 (1285 48, 1) (L) = w271
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Vo= 162+ (13. 79 +54) )+ 152-[ 2e. M2 S08) 0 58 3

Vns= 20t 29,2+ 3+ 82,7+ 290 +30.0 4307+ 394 32,04
227+ 33.2 4 239+ 553 U279 1
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Setemic Loads
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Distribution of Loads

B

Figure B. Location of Shear Walls

The first step in determining how the loads are distributed to the different shear walls is to
determine whether a wall is actually a shear wall or not. In order for a wall to be considered a
shear wall, a large portion of the diaphragm must be able to transfer the lateral forces into the
wall. A majority of the walls in this building are considered shear walls but due to the geometry
of the building, the walls outlined in grey are not shear walls. These walls surround an elevator
shaft which makes for a good location to put shear walls; however, the floor slab is not a large
enough area to transfer the loads. The walls that were considered are highlighted in red in Figure
B. The small walls that are part of the other two elevator shafts are also not considered due to
their small size. These walls will only carry an extremely small amount of load compared to the
nearby walls so they can be neglected. To aid in dividing up the loads, | named each wall as
shown in Figure 3.
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Figure C. Wall Designations

Before the loads can be distributed, the center of mass and the center of rigidity must be
determined. In order to find the center of mass, the floor can be divided into several areas that
have simple geometries; therefore, simplifying the calculation. Figure D shows the breakdown of
the different floor areas. A sample calculation of the center of mass and center of rigidity is
located in Appendix B.

Figure D. Floor Area Breakdown by Color



Page |29

Since the lateral system comprises of shear walls, the rigidities of the walls can be easily
determined from a few calculations. These calculations can be viewed in the Appendix B. Based
on the rigidity calculations, the critical wall in the North/South direction will be wall M. The
critical wall in the East/West direction will be wall C. Both of these walls have a high stiffness
ratio due to their longer lengths in relationship to the other walls. Figure E shows a chart of the
rigidities of all of the walls on the fourth floor.

Wall R (kip/in) Reletive Rigidity
A 1285.97 9.17
B 1285.97 9.17
C 1535.72 10.95
D 1535.72 10.95
E 664.38 4.74
F 664.38 4.74
G 460.29 3.28
H 49.23 0.35
I 697.89 4,98
J 569.97 4.06
K 121.28 0.86
L 635.83 4.53
M 1496.68 10.67
N 635.83 4.53
0] 1447.81 10.32
P 784.86 5.60
Q 154.49 1.10

Figure E. Rigidities of the Elements on Fourth Floor

The lateral forces that where calculated as part of the second technical assignment, can
now be distributed to the lateral elements. As part of the distribution of the forces, a torsional
force must be considered in the calculation if the building’s center of mass and center of rigidity
do not coincide. In the case of the Children’s Medical Office Building, the center of mass and
center of rigidity do not align. Figure F shows the locations of the center of mass and the center
of rigidity. The difference in the distances between the center of mass and the center of rigidity
creates an eccentricity that produces a moment that can add or subtract to the force of an
element. Figure G shows the wind story shear distributed to the different lateral elements for the
fourth floor. Figure H shows the seismic story shear distributed to the different lateral elements
for the fourth floor.
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Center of Mass

&

Center of Rigidity

Figure F. Centers of Mass and Rigidity
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Figure G. Distribution of Wind Forces
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Wall Shear DirectShear Torsional Shear Accidental Shear Total Force
1185.65 282.47 -6.24 -10.31 265.93
1185.65 282.47 -11.67 -19.28 251.53
1185.65
1185.65
1185.65 146.01 12.02 19.87 177.90
1185.65 146.01 10.29 17.00 173.30
1185.65
1185.65
1185.65
1185.65
1185.65
1185.65
1185.65 328.68 -4.41 -7.29 316.98
1185.65
1185.65
1185.65
1185.65

O 9vO0zZ2ZrR"R—~—IOCTMOOw>

Figure H. Distribution of Seismic Forces

Strength Checks

As shown in Figures G and H, the seismic forces are much higher than the wind forces of a given
story. This means that the seismic cases are going to control the design of the shear wall. In the
case of wall C, the seismic case with a negative accidental torsional moment controls the design
of the shear wall, as shown in Figure I. The shear wall has enough reinforcement to resist both
the moment and the shear since both the design moment and shear are greater than the actual
moment and shear.

Shear Wall Strength Check
Mu (kip ft.) dMn (kip ft.) Vu (kips) ¢Vn (kips)
19920 20321 292.6 296.1

Figure I. Shear Wall Check

This seismic case also controls the story drift and the overturning moment. The story drift is
shown in Figure J along with the code maximum story drift. The story drifts are well below the
code maximum drifts. The overturning moment is determined from the story shears and the
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height of the building. The building’s foundation counteracts the overturning moment along with
the building’s weight. In the case of the Children’s Medical Office Building, the foundations
consist of drilled piers and large footings to resist the overturning moment. The foundations
underneath the elevators in the south western corner are large footings that are significantly
wider than the shears walls that they support. The width of the footing is determined by the
overturning moment that the footing has to counteract. The building’s weight is high enough to
counteract the overturning moment as shown in Figure K. For the drift of the building, the wind
load case 1 applied in the East/West direction controls. The calculated drift is below the code
maximum. The building drift is shown in Figure L.

Floor Height Max. Drift
Allowable by Code
166 3.32 0.059
154 3.08 0.050
142 2.84 0.045
130 2.6 0.041
118 2.36 0.047
106 2.12 0.033
94 1.88 0.026
82 1.64 0.022
70 1.4 0.045
56 1.12 0.018
42 0.84 0.014
28 0.56 0.009
14 0.28 0.005

Figure J. Story Drifts

. Moment Produced
Overturning Moment e .
by Building Weight

496375.5 ft-kips 4225837 ft-kips

Figure K. Overturning Moment

Code Maximum Calculated Drfit
4.98in. 4,77 in.

Figure L. Building Drift
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Building Torsional Irregularities

Since the building’s seismic design category is B, the only torsional irregularity is the out-of-
plane offsets. My building does not have any discontinuities in the lateral force resisting path;
therefore, there are no torsional irregularities in this building. For vertical structural irregularities,
my building is exempt from applying the torsional factors since there is no reduction in stiffness in the
elements and there story lateral strength is not less than 80% of the story above.
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Appendix A - Floor Plan with Typical Bay and Columns

Typical bay is outlined in red. Interior and exterior columns are outlined in green.

Appendix B Sample Calculations
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