
October 20, 2013 

Heather Sustersic 

had132@psu.edu  

 

Dear Professor Sustersic,  

 

The following technical report was written to fulfill the requirements specified in the Structural 

Technical Report 3 assignment that was handed out on September 27, 2013.  

 

Technical report 3 includes a detailed structural analysis of the existing floor system used in the New 

Library at the University of Virginia’s College at Wise, located in Wise, Virginia.  This analysis includes an 

evaluation of a typical bay floor framing under gravity loads, and an evaluation of and interior and 

exterior column under these same gravity loads.  

 

Technical report 3 also includes structural designs and analysis of three alternate framing systems. The 

design and analysis of each system includes calculations for preliminary sizing and checks for strength 

and deflections. These systems will be considered for possible options for the redesign to be completed 

next spring. 

 

Thank you for reviewing this report. I look forward to discussing it with you in the future.  

 

Sincerely,  

 

Macenzie Ceglar 

 

Enclosed: Technical Report 3 
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Executive Summary 
 
The New Library at the University of Virginia’s College at Wise will serve as a main link between 
the upper and lower campus areas, which are currently divided by a steep 60 foot hill. The new 
6 story, 68,000 ft2, library will be integrated into the hillside, and will provide students with an 
easier and safer path across campus. The architectural design of the façade incorporates 
traditional materials found on campus, such as brick and stone. Construction on the New 
Library began in August 2012 and will be completed in August 2015.  
 
Soil loads caused the foundation system for the New Library to be unique in its design.  The 
foundation system utilizes a temporary leave-in-place soil retention system and foundation 
walls which are designed to resist future lateral soil loads. Other parts of the foundation system 
include piers, footings, and slabs-on-grade.  
 
All six stories of the building have composite floor framing involving both composite steel wide 
flange members and composite decking. Framing layout in the building is fairly typical with bay 
sizes ranging between 25’-4” x 25’4” and 31’-0” x 25’-4”. Steel wide flange columns are used as 
the vertical framing system and shear walls make up the building’s lateral system.  
 
Loading conditions considered in the building’s design include live loads, gravity loads, snow 
loads, wind loads, seismic loads, and lateral soil loads.  
 
The Virginia Uniform Statewide Building Code (USBC); along with “Facility Design Guidelines”, 
governs the design of all buildings on the campus. The USBC adopts chapters 2-35 of 
International Building Code (IBC) 2009, which references codes and standards which include 
American Society of Civil Engineers (ASCE) 7-05, American Concrete Institute (ACI) 318-08, and 
the 13th edition of the Steel Construction Manual.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Page 1



 

 

Technical Report 3 
Macenzie Ceglar 
Structural Option 

U n i v e r s i t y  o f  V i r g i n i a ’ s  C o l l e g e  a t  W i s e  –  N e w  L i b r a r y  
 

 

Table of Contents 
Executive Summary ......................................................................................................................... 1 

Table of Contents ............................................................................................................................ 2 

Building Abstract ............................................................................................................................. 3 

Site Plan and Location of Building .................................................................................................. 4 

List of Documents used in Preparation of Report .......................................................................... 5 

Gravity Loads from Technical Report 2 ........................................................................................... 6 

Gravity Spot Checks for Existing System: Composite Steel .......................................................... 16 

Structural Redesign 1: Non-composite Steel ................................................................................ 24 

Structural Redesign 2: One-Way Slab with Beams ....................................................................... 32 

Structural Redesign 3: Two-Way Slab with Drop Panels .............................................................. 49 

Appendix ....................................................................................................................................... 76 

 Floor Plan .......................................................................................................................... 77 

 Typical Bay with Dimensions ............................................................................................ 78 

 SP Column Output ............................................................................................................. 79 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Page 2



www.engr.psu.edu/ae/thesis/portfolios/2014/mac5676/index.html 

Project Team 
 

Owner: 
Architect: 
Structural:  
MEP:  
Lighting:  
Construction:  
Civil:  
Landscape:  
AV/Acoustics:  
Foodservice: 

General Information  
  

Full Height: 119’  
Number of Stories: 6   
Size: 68,000 GSF 
Cost: $43 Million  
Date of Construction: Aug 2012 – Aug 2015 
Project Delivery Method: Design-Bid-Build  

Macenzie Ceglar | Structural Option  

Structural Systems  
 

Foundation: 
 
 
Framing: 
 
 
 
Lateral:  
 
Soil Retention: 

UVA at Wise 
Cannon Design 
Cannon Design  
Thompson and Litton 
Lafleur Associates 
Quesenberrys, Inc. 
Thompson and Litton 
Hill Studio 
Shen Milsom Wilke 
Culinary Advisors 

Architecture 
 

The goal of the façade design was to give 
the impression that the older existing 
buildings’ architecture was based on the 
New Library’s. This was achieved through 
use of materials such as brick and stone 
commonly found on the surrounding 
buildings.  
 

Slab on grade with column piers, 
footings and foundation walls 
 
Steel frame, composite wide flange steel 
members, and normal weight composite 
deck flooring  
 
9 Reinforced concrete shear walls  
 
Temporary Leave-In-Place Soil Retention 
System, which includes the use of soil 
nails and shotcrete covering. 

Mechanical 
 
VAV system with a roof mounted chilled-water AHU and 
145.9 ton chiller providing 41,300 CFM, and  an 
economizer and an a heat recovery unit  

Electrical/Lighting 
 

Five 480/277 3-phase panel boards 
Nine 280/120 3-phase panel boards 
 
Wall switch and low voltage occupancy sensors used 
for lighting control   

Construction 
 
Limited site area due to existing campus 
buildings impacted the construction by 
requiring offset staging and storage areas, 
along with the construction of a 500 foot 
service road.  

Project Sponsor: 
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Site Plan 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Location Plan 
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Documents Used in Preparation of Report 
 
Below is a list of the design codes and standards used in the structural analysis of the New 
Library at the University of Virginia’s College at Wise. 

 International Code Council 
o International Building Code 2009 (Chapters 2-35 Adopted by Virginia Uniform 

Statewide Building Code) 

 American Society of Civil Engineers 
o ASCE 7-05: Minimum Design Loads for Buildings and Other Structures 

 American Concrete Institute 
o ACI 318-11: Building Code Requirements for Structural Concrete 

 American Institute of Steel Construction  
o Steel Construction Manual 13th Edition – LRFD 

 Concrete Reinforcing Steel Institute 
o CRSI Handbook 2008 

 Reinforced Concrete Mechanics and Design 6th Edition 
o By: James K. Wight, James G. MacGregor 

 Vulcraft Deck Catalog 

 University of Virginia Facilities Management and University Building Official  
o Facility Design Guidelines  

 University of Virginia’s College at Wise – New Library  
o Construction Documents 
o Specifications  
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Gravity Spot Checks for Existing System: 
 

Composite Steel System 
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Structural Redesign 1: 
 

Non-composite Steel System 
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Structural Redesign 2: 
 

One-Way Slab with Beams 
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Structural Redesign 3: 
 

Two-Way Slab with Drop Panels 
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Composite Steel Non-composite Steel One-Way Slab with Beams Two-Way Slab with Drop Panels
System Statistics

$22.05/SF $28.74/SF $17.23/SF $14.90/SF

78.6 PSF 80.3 PSF 218.2 PSF 185.2 PSF

Architectural 

30.5" 30.5" 36" 13"

YES YES NO NO

2 HR 2 HR 2 HR 2 HR

Servicability 

Likely Likley Minimal Minimal 

Concrete Shear Wall Concrete Shear Wall

Concrete Shear Wall, Concrete 

Moment Frame

Concrete Shear Wall, Concrete Moment 

Frame

Acceptible Acceptible Acceptible Acceptible 

N/A NO YES YES

Light weight, average depth, 

minimal formwork required

Light weight, average depth, 

works well with multiple types of 

lateral systems, minimual 

formwork required

No additional fire proofing 

required, less expensive per SF, 

decreased vibrations 

No additional fire proofing required, 

decreased depth, least expensive per 

SF, decreased vibrations 

More expensive per SF, 

additional fire proofing required, 

higher chance of vibrations 

Most expensive per SF, additional 

fire proofing required, higher 

chance of vibrations 

Increased depth, largest weight 

system, formwork required
Increased weight, formwork required

Lateral Systems 

Durability 

Advantages

Disadvantages 

Feasable for Redesing 

Future Considerations 

Floor System Designs

Maximum Depth

Criteria 

Vibrations

Fire Rating

Additional Fire Proofing Required

Cost 

Weight
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  untitled.col                                                                                            11:00 PM

                                     oooooo               o
                                    oo    oo             oo
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     ==========================================================================================================
                                               spColumn v4.81 (TM)
                     Computer program for the Strength Design of Reinforced Concrete Sections
                                    Copyright © 1988-2012, STRUCTUREPOINT, LLC.
                                               All rights reserved
     ==========================================================================================================

     Licensee stated above acknowledges  that STRUCTUREPOINT (SP) is  not and cannot be  responsible for either
     the  accuracy or  adequacy of  the material  supplied as  input for  processing by  the spColumn  computer
     program. Furthermore, STRUCTUREPOINT neither makes any warranty expressed nor implied with respect to  the
     correctness of  the output  prepared by  the spColumn  program. Although  STRUCTUREPOINT has endeavored to
     produce spColumn error  free the program  is not and  cannot be certified  infallible. The final  and only
     responsibility  for  analysis,   design  and  engineering   documents  is  the   licensee's.  Accordingly,
     STRUCTUREPOINT disclaims all responsibility in contract, negligence or other tort for any analysis, design
     or engineering documents prepared in connection with the use of the spColumn program.                     
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  STRUCTUREPOINT - spColumn v4.81 (TM)                                                                    Page   2
  Licensed to: Penn State University. License ID: 59919-1033951-4-22545-2CF68                             10/15/13
  untitled.col                                                                                            11:00 PM

  General Information:
  ====================
    File Name: untitled.col
    Project:  Tech Report 3
    Column:   D6                             Engineer: MAC
    Code:     ACI 318-11                     Units: English

    Run Option: Design                       Slenderness: Not considered
    Run Axis:   X-axis                       Column Type: Structural

  Material Properties:
  ====================
    f'c   = 4 ksi                            fy   = 60 ksi
    Ec    = 3605 ksi                         Es   = 29000 ksi
    Ultimate strain = 0.003 in/in
    Beta1 = 0.85

  Section:
  ========
    Rectangular: Width = 24 in               Depth = 24 in

    Gross section area, Ag =  576 in^2
    Ix =  27648 in^4                         Iy =  27648 in^4
    rx =  6.9282 in                          ry =  6.9282 in
    Xo =  0 in                               Yo =  0 in

  Reinforcement:
  ==============
    Bar Set: ASTM A615
    Size Diam (in) Area (in^2)   Size Diam (in) Area (in^2)   Size Diam (in) Area (in^2)
    ---- --------- -----------   ---- --------- -----------   ---- --------- -----------
    #  3      0.38        0.11   #  4      0.50        0.20   #  5      0.63        0.31
    #  6      0.75        0.44   #  7      0.88        0.60   #  8      1.00        0.79
    #  9      1.13        1.00   # 10      1.27        1.27   # 11      1.41        1.56
    # 14      1.69        2.25   # 18      2.26        4.00 

    Bar selection: Minimum number of bars
    Asmin = 0.01 * Ag = 5.76 in^2,  Asmax = 0.08 * Ag = 46.08 in^2

    Confinement: Tied; #3 ties with #10 bars,  #4 with larger bars.
    phi(a) = 0.8,  phi(b) = 0.9,  phi(c) = 0.65

    Layout: Rectangular
    Pattern: All Sides Equal  (Cover to transverse reinforcement)
    Total steel area: As = 31.20 in^2 at rho = 5.42%
    Minimum clear spacing = 2.31 in 

    20 #11   Cover = 1.5 in

  Factored Loads and Moments with Corresponding Capacities:
  =========================================================
    Design/Required ratio PhiMn/Mu >= 1.00
                  Pu          Mux       PhiMnx PhiMn/Mu NA depth Dt depth    eps_t    Phi
    No.          kip         k-ft         k-ft                in       in
    --- ------------ ------------ ------------ -------- -------- -------- -------- ------
      1       450.00         0.00      1028.33  999.999    11.07    21.30  0.00277  0.710  

    *** End of output ***
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