James W. & Frances G. McGlothlin Medical Education Center
Virginia Commonwealth University
Richmond, VA

November 20, 2013

Professor Linda Hanagan
212 Engineering Unit A
University Park, PA 16802
lhanagan@engr.psu.edu

Dear Professor Hanagan,

I am formally submitting Structural Technical Report #4 — Lateral System Analysis Study. As the name
suggests, this report is a more thorough investigation of the lateral loads, calculated in Technical Report
#2, that are applied in both the x- and y-directions to this building. Once wind and seismic loads were
distributed by floor and frames in hand calculations, a computer generated model was created using
RAM Structural System to have a better picture of the results. The building, specifically the structural
steel concentrically braced frames, was checked for both standard strength and serviceability
requirements. A table of contents and numbering of pages has been provided for ease of navigating this
report. Calculations for distribution of loads, building properties, and strength checks have been done by
hand, and therefore have been scanned to be inserted in to this report. While creating the computer
model and analyzing the wind & seismic loads some approximation methods were used, but all pertinent
information has been provided. I look forward to presenting my findings to you, other notable faculty,
and my fellow classmates in the near future.

Sincerely,
Marissa Delozier

Enclosure: Report of Findings Related to Wind and Seismic Loadings on Structural Steel Concentrically
Braced Frames for the James W. & Frances G. McGlothlin Medical Education Center
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General Information

The James W. & Frances G. McGlothlin Medical Education Center is a 13-story building that has both a
basement and small sub-basement located below ground level, which is at an elevation of 153 feet. Since
the building was constructed following the demolition of the A.D. Williams Building, the foundation
system is designed to accommodate existing conditions. The superstructure of the building is composed
of a braced moment frame system with concrete slabs on metal decking. Both the 13™ Floor and the
rooftop are homes to mechanical equipment, requiring added strength. A bridge traveling over E.
Marshall Street connects the new building on the 2" Floor with the existing Main Hospital 1% Floor.
Further information about the building and its location in downtown Richmond, Virginia can be found
on the following pages.

NOTE: To decrease confusion and provide easier reading, from this point in the report and forward the
James W. & Frances G. McGlothlin Medical Education Center will be referred to as VCU SOM project,
short for Virginia Commonwealth University School of Medicine project.




Building Abstract

James W. & Frances G. McGlothlin
Medical Education Center

Virginia Commonwealth University — Richmond, VA

Project Information

Type of Building : Multipurpose Education Facility
Functions : Administrative/Classrooms/Research
Size : 220,000 GSF

Height : 13 stories

Time Frame : Oct. 2009 — March 2013

Cost : $159 million
Delivery : Design—Assist—Build

Project Team A
Owner : Virginia Commonwealth University 3
CM: Gilbane Building Company
Architect : Ballinger

Structural + MEP : Ballinger

Exterior Facade : Pei Cobb Freed & Partners

Civil : Draper Aden Associates
Geotechnical : Geotech, Inc.

Architectural
— Erected following demolition of 8-story A.D. Williams Building,
which previously housed VCU School of Medicine

— Exterior facade was designed by internationally acclaimed design
firm Pei Cobb Freed & Partners

Sustainability
— Climate Wall System: double-layered glass walls on South & West
facades trap & exhaust heated air

— Recovery Wheels: recover exhausted air & use contained energy to
heat & cool building

— Storm Water Retention: collect water from roof to be used in
toilets/urinals
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Structural
— Drilled pier/slab-on-grade system works in
conjunction with pre-existing caissons
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— Structural steel braced moment frame system

— Bridge connects 2™ Floor of building to adjacent
Main Hospital 1°** Floor across E. Marshall Street

MEP
— 6 Air Handling Units serve the Lobby, Student
Forum, Auditorium, and Chilled Beam system

— Cooling Tower on roof removes heat from 3 Chillers M a rissa De IOZie r

— Use of Recovery Wheels saves 450 tons of cooling Structural op tion

& Dayhg,htmg sensors throughout building ensure http://www.engr.psu.edu/ae/thesis/portfolios/2013/mnd5036/
energy is conserved

——
N
| —



Executive Summary from Technical Report 1

The following technical report is a thorough overview of the existing conditions of the structural system
found in the newly constructed James W. & Frances G. McGlothlin Medical Education Center. This
report is composed of detailed descriptions of the drilled pier/slab-on-grade system, floor framing,
braced moment frame system, roof scheme, bridge connecting to an adjacent structure, and all other
components that contribute to the strength of the structure.

Though it is said that the sum is greater than its parts, the structural apparatuses that compose this
project are diverse, complicated systems that must be thoroughly examined to fully appreciate the
building. Many challenges exist surrounding the project: the site location, building size, intended
function, connection to existing structures, and many more. This report is only the first investigation in
to the structure of the James W. & Frances G. McGlothlin Medical Education Center — further analysis
and study will be necessary to fully comprehend the magnitude of these systems.

In order to provide background information, floor plans, bays, columns, and other elements from the
structure are referenced throughout the report and can be found in the appendices for further
examination. State and national codes used in the design of the structure are also cited in the following
report; these codes, more specifically loading values, will be utilized in further research and subsequent
technical reports.
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Site Plan
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Reference Documents

In the preparation of the calculations found on the following pages, several documents outside the
construction drawings and specifications were referenced. The main source of information was the
American Society of Civil Engineers (ASCE) 7-05 code, specifically for both wind and seismic loads.
All of the necessary variables, equations, and values needed to calculate the loadings and base shears
were found from this document. A document utilized in the calculation of both roof and floor loadings
was the Vulcraft Steel Roof and Floor Deck catalog. The American Institute of Steel Construction
(AISC) 2005 code was also used for gravity loadings, to estimate size and weight.
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Appendix A: Additional Wind Analysis Results

CASE 2
Floor X-Direction (+e) X-Direction (-e) Allowable
X fy Drift x Drifty Bix fy Drift x Drifty | Drift{in)
Roof | 2.8 1.2 0.25 0.19 1.7 0.29 0.12 0.04 0.60
13 2.5 0.97 0.23 0.12 1.5 0.25 0.12 0.03 0.40
12 2.3 0.84 0.23 0.12 1.4 0.22 0.13 0.03 0.40
11 2 0.72 0.25 0.12 1.3 0.19 0.14 0.03 0.40
10 1.8 0.6 0.26 0.11 1.1 0.16 0.15 0.03 0.40
3 1.5 0.43 0.26 0.11 0.98 0.13 0.15 0.03 0.40
8 1.3 0.38 0.25 0.1 0.83 0.1 0.15 0.03 0.40
% 1 0.28 0.23 0.09 0.68 0.08 0.15 0.02 0.40
6 0.79 0.2 0.22 0.07 0.54 0.05 0.14 0.02 0.40
] 0.57 | 0.12 0.19 0.06 0.4 0.03 0.13 0.02 0.40
4 0.38 | 0.06 0.16 0.02 0.27 0.02 0.11 0.01 0.40
3 0,22 | 0.04 0.14 0.03 0.16 0.01 0.1 0.007 0.40
2 0.08 | 0.01 0.08 0.01 0.06 0.001 0.06 0.001 0.40
CASE 2

s Y-Direction (+e) Y-Direction (-e) Allowable

ax dy Drift x Drifty Bx dy Drift x Drifty | Drift{in)
Roof | 0.34 | 2.1 0.08 0.21 2.5 3.8 0.36 0.5 0.60
13 0.25 1.9 0.05 0.19 2.2 3.3 0.26 0.38 0.40
12 0.21 157 0.04 0.2 1.9 2.9 0.26 0.38 0.40
11 0.16 1.5 0.04 0.21 17 2.6 0.26 0.38 0.40
10 0.12 1.3 0.04 0.21 1.4 2.2 0.25 0.37 0.40
9 0.08 1.1 0.03 0.21 1.2 1.8 0.24 0.36 0.40
g 0.05 0.9 0.03 0.2 0.93 1.4 0.22 0.34 0.40
7 0.02 | 0.71 0.02 0.18 0.71 1k 0.2 0.31 0.40
6 0.003| 0.53 0.02 0.16 0.51 0.81 0.17 0.27 0.40
3 0 0.36 0.01 0.14 0.33 0.54 0.14 0.23 0.40
4 0 0.23 1] 0.08 0.18 0.31 0.08 0.13 0.40
3 0 0.13 0 0.08 0.1 0.19 0.07 0.12 0.40
2 0 0.05 0 0.05 0.03 0.06 0.03 0.06 0.40
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CASE 3

Floor X+Y X-¥ Allowable

Bx fdy Drift x Drifty fi s fdy Drift x Drifty | Drift{in)
Roof | 3.7 3.7 0.41 0.47 0.76 -2.3 -0.04 -0.24 0.60
13 3.3 3.2 0.33 0.36 0.8 -2 0.02 -0.21 0.40
12 2.9 2.9 0.34 0.37 0.78 -1.8 0.04 -0.21 0.40
11 2.6 2.5 0.35 0.37 0.74 -1.6 0.05 -0.22 0.40
10 2.2 2.1 0.35 0.36 0.69 -1.4 0.06 -0.22 0.40
9 1.9 1.7 0.34 0.35 0.63 -1.1 0.07 -0.22 0.40
g 1.5 1.4 0.33 0.33 0.57 -0.93 0.08 -0.2 0.40
7 1.2 1.1 0.3 0.3 0.49 -0.73 0.08 -0.19 0.40
6 0.92 | 0.79 0.27 0.26 0.4 -0.54 0.08 -0.17 0.40
3 0.64 | 0.53 0.24 0.22 0.33 -0.37 0.09 -0.14 0.40
4 0.41 | 0.31 0.17 0.12 0.24 -0.23 0.1 -0.09 0.40
3 0,23 | 0.18 0.15 0.12 0.14 -0.14 0.08 -0.09 0.40
2 0.08 [ 0.06 0.08 0.06 0.06 -0.05 0.06 -0.05 0.40
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CASE 4

Floor X+Y W X+Y CCW Allowable
ax dy Drift x Drifty Bix dy Drift x Drifty | Drift {in)
Roof 4 il 0.46 0.52 1.5 1.8 0.15 0.19 0.60
13 3.9 3.2 0.37 0.38 1.3 1.6 0.13 0.16 0.40
12 3.2 2.8 0.38 0.38 1.2 1.5 0.13 0.17 0.40
11 2.8 2.5 0.38 0.38 Lol 1.3 0.14 0.18 0.40
10 2.4 2.1 0.38 0.37 0.94 1.1 0.14 0.18 0.40
9 2 Lo, 0.37 0.35 0.8 0.93 0.14 0.18 0.40
g 1.7 1.4 0.36 0.33 0.66 0.76 0.13 0.17 0.40
7 1.3 1 0.33 0.29 0.53 0.59 0.13 0.15 0.40
6 0.97 [ 0.75 0.3 0.26 0.4 0.43 0.12 0.14 0.40
] 0.68 | 0.49 0.25 0.21 0.29 0.3 0.1 0.12 0.40
4 0.43 | 0.28 0.18 0.11 0.19 0.18 0.08 0.07 0.40
3 0.24 | 0.17 0.16 0.11 0.11 0.11 0.07 0.07 0.40
2 0.09 [ 0.05 0.09 0.05 0.04 0.04 0.04 0.04 0.40
CASE 4
Floor X-YCW X-¥Y CCW Allowable
ax By Drift x Drifty B fy Drift x Drifty | Drift {in)
Roof | 1.8 | -0.72 0.12 -0.02 -0.68 -2.7 -0.18 -0.35 0.60
13 1.7 | -0.71 0.13 -0.05 -0.5 -2.3 -0.11 -0.26 0.40
12 1.6 | -0.66 0.15 -0.06 -0.4 -2 -0.1 -0.26 0.40
11 1.4 -0.6 0.16 -0.07 -0.3 -1.8 -0.09 -0.26 0.40
10 1.3 | -0.53 0.17 -0.07 -0,22 -1.5 -0.08 -0.26 0.40
9 1.1 | -0.46 0.17 -0.07 -0.14 -1.3 -0.07 -0.25 0.40
8 0.92 | -0.39 0.17 -0.07 -0.07 -1 -0.05 -0.23 0.40
7 0.75 | -0.32 0.16 -0.07 -0.02 -0.78 -0.04 -0.21 0.40
6 0.59 | -0.24 0.15 -0.07 0.02 -0.56 -0.02 -0.19 0.40
3 0.44 | -0.18 0.14 -0.06 0.05 -0.38 -0.01 -0.16 0.40
4 0.3 | -0.12 0.13 -0.05 0.06 -0,22 0.02 -0.09 0.40
3 0.17 | -0.07 0.11 -0.04 0.04 -0.13 0.02 -0.09 0.40
2 0.07 | -0.03 0.07 -0.03 0.02 -0.05 0.02 -0.05 0.40
[ )




Appendix B: Detailed Drawings of Braced Frames
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