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frames in the main building and moment 
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480/277V lighting panels.

AARCHITECTURERCHITECTURE
Colonial-Revival  Style.

Red brick façade w/ slate shingled roofs.
3-story central atrium featuring grand 
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direct entry to departmental offices.

Faculty offices, classrooms, teaching labs, 
research labs, vivarium, lecture hall, and 

Humanities Common Room.
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1.0 Executive Summary 

The Ann and Richard Barshinger Life Science and Philosophy Building  is designed to house the 
life science and philosophy departments in a conscious effort to “encourage interdisciplinary 
interactions between the natural sciences and the humanities” at Franklin and Marshall College 
in historic Lancaster, Pennsylvania.  The three-story, 100,000 gross square foot Colonial Revival 
style structure has quite a status to live up to.  I made it my goal for this project to develop more 
efficient structural systems for this locally important building, while also finding an opportunity 
to satisfy my curiosity when presented with unfamiliar structural devices. 
 
I utilized numerous resources including course textbooks, nationally recognized design aids, and 
the structural modeling software SAP2000 and RAM Structural Systems to fulfill my project goal.  
The lateral force resisting system was streamlined for efficiency.  A new foundation system of 
drilled concrete piers was designed to carry the building loads directly into the intact limestone 
less than 25-feet below finish grades.  The structural device that is the Vierendeel truss was 
evaluated based on the design potential of the best alternative.  After the designs were complete, 
I reached into construction management, architecture, and HVAC ductwork design to properly 
compare the new systems with their existing counterparts.  In the end, I drew the following 
conclusions from my results: 
 

 The existing lateral force resisting system of ten concentrically braced frames is 
oversized for the calculated seismic loads. 

 
 Replacing traditional spread footings with drilled concrete piers is not cost effective.  

Although the geotechnical engineers mapped the intact rock depth as enticingly close to 
the planned ground floor level, the drilled pier system ($325,000) was estimated to cost 
twice as much as the spread footing system ($163,000).  However, the drilled pier system 
did reduce steel reinforcing quantities by 24% and concrete consumption by 35%.   
Geotechnical investigation is an extremely difficult job to complete accurately.  As a 
result, excavation contractors are wary of deep foundation systems and charge 
accordingly. 

 
 The Vierendeel truss is extremely effective and efficient for carrying significant loads 

over a large span.  It can be manipulated to accommodate various configurations of 
rectangular openings, such as windows in a façade.  A system of long span steel joists can 
be designed as an alternative to the rigidly-connected and weighty Vierendeel truss.  
However, the long span joists required bay in-fill members that were significantly deeper 
than those used with the truss.  Those deeper members created a heavily congested 
above-ceiling plenum space and required that some HVAC ducts be resized to preserve 
the prescribed ceiling height. 

 
 HVAC ducts can be flattened out without increasing friction loss or system energy 

consumption by simply maintaining the hydraulic diameter. 
 
 For each individual building system that is changed, ten other systems are subsequently 

affected… 
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2.0 Existing Building Description 
 2.1  The Building Program 
The Ann and Richard Barshinger Life Science and Philosophy Building is the largest 
construction project in the long history of Lancaster, Pennsylvania’s Franklin and Marshall 
College.  The three-story Georgian Revival structure will house the departments of biology, 
psychology, and philosophy, as well as two interdisciplinary programs in biological foundations 
of behavior and scientific and philosophical students of mind.  At a total cost of $45 million, the 
102,000 square-foot building will include state-of-the-art classrooms and laboratories, a 
greenhouse, a multi-story atrium, a 125-seat lecture hall, a Humanities Common Room for 
meetings and gatherings, and a basement vivarium for the study of primates, rodents, and other 
small animals. 
 
 2.2 Superstructure 
The building superstructure is comprised of composite slab-on-deck in combination with 
composite wide-flange steel beams supported by wide-flange columns bearing on concrete piers 
and shallow footings.  The framing system is divided into approximately 20’x30’ bays.  Floor-to-
floor heights are typically found to be 14-feet.  A typical floor frame consists of 2-inch 
composite metal deck with 4 ½-inches of normal weight concrete above the flutes.  The 
composite slab is then carried by W16x26 filler beams spaced 7-feet apart.  Interior girders, of 
size W18x40, are typically carried by W12x65 columns, sized for ease of fabrication and 
erection considering the OSHA-required four anchor bolt pier connection. 
 
 2.3 Lateral Force Resisting Systems 
The structure’s main lateral force resisting system is composed of ten concentrically braced steel 
frames of varying sizes.  These frames utilize wide-flange shapes for the vertical and horizontal 
members with ½-inch thick HSS shapes for the diagonal braces.  The ten frames are located 
throughout the structure according to the Figure 2.3.1 below.  The basic structure of each frame 
is depicted in Figure 2.3.2 on the next page. 

 

 
Figure 2.3.1 Layout of the 10 Concentrically Braced Frames 
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Figure 2.3.2 The 10 Concentrically Braced Frames in the Main Lateral Force Resisting System 
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The greenhouse wing on the building’s southern exposure uses aluminum moment frames to 
resist the lateral forces.  Large areas of glass were necessary to create the light, airy, and 
habitable space necessary for its greenhouse function.  Moment frames were chosen over of the 
clumsier-looking braced frames due to the glass requirements as well as the lightweight nature of 
the structure that includes a glass and an aluminum-framed barrel roof.  The greenhouse wing is 
separated from the main building by an expansion joint in order to keep the lateral resisting 
systems separate. 
 
 2.4 Foundations 
The superstructure of the Barshinger Building rests upon shallow foundations, specifically 
spread footings. In the geotechnical report for the site, Advanced GeoServices Corp. of West 
Chester, Pennsylvania recommended that the foundations not exceed an allowable bearing 
pressure of 3,000 pounds per square foot (psf).  Large footings will be necessary to transfer the 
loads from the braced frames into the ground and to resist the potential overturning moments.  
Test borings encountered intact rock at depths ranging from 3 to 23.5 feet.  The intended 
construction method will involve excavating the rock where necessary and supplying a soil 
cushion beneath the footings in the excavated areas to discourage issues with differential 
settlement. 
 
 2.5 Cladding 
The building employs a relatively heavy cladding system.  The red brick façade is backed by 
concrete masonry units and certainly increased the seismic design loads on the structure.  
However, the cladding system is consistent with all of the other buildings on the Franklin and 
Marshall College campus. 
 
 2.6 Unique Structural Feature – Vierendeel Truss 
The building has one peculiar structural feature: a Vierendeel truss.  This statically indeterminate 
truss is comprised of rigid upper and lower girders, connected by vertical beams using rigid 
joints.  The configuration of elements creates bending moments in all the members under gravity 
loading.  Trusses of this type are found in some bridges, and were also used in the frame of the 
World Trade Center’s Twin Towers.  The vertical beams create regular openings for rectangular 
windows in the western facade.  The truss, illustrated in Figure 2.6.1, spans nearly 70-feet over 
the large 125-seat lecture hall to create an open and uninterrupted space for the audience to 
enjoy.  However, the truss requires exceptionally large wide-flange members that could present 
difficult erection issues for the contractor, including the need for a special crane that is larger 
than necessary for the rest of the job. 
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Figure 2.6.1 Vierendeel Truss 

 
 
 2.7  Material Strengths 
The desired material strengths listed below in Figure 2.7.1 have been taken from the General 
Notes page of the Structural Drawings provided by Einhorn Yaffee Prescott, PC (EYP). 
 

Concrete f’c Unit Weight 
Footings 3000 psi 150 pcf 
Foundation Walls, Piers 4000 psi 150 pcf 
Concrete on Metal Deck (Floor) 3500 psi 150 pcf 
Concrete on Metal Deck (Roof) 3500 psi 150 pcf 
Slabs on Grade 3500 psi 150 pcf 
All Other Concrete 4000 psi 150 pcf 
Reinforcing   
Typical Bars ASTM A615 Grade 60 
Welded Bars ASTM A706 Grade 60 
Welded Wire Fabric ASTM A185  
Metal Deck Properties   
Roof Deck 3” Type “N” 20-gage 
Composite Floor Deck 2” Type “B” 18-gage 
Steel Members   
Wide-Flange Shapes ASTM A992  
Channels & Angles ASTM A36  
Pipe ASTM A53 Grade B 
Tubular Shapes ASTM A500 Grade B 
Base Plates ASTM A36  
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All Other Steel Members ASTM A36  
Steel Connections   
High Strength Bolts ASTM A325 or A490 
Nuts & Washers (Min. ¾” Diameter) 
Anchor Rods ASTM F-1554 Grade 55 
Welding Electrode E70XX  
Metal Deck Welding Electrode E60XX Min.  
Masonry Properties   
Mortar Type S  
CMU Strength F’m = 1500 psi 

Figure 2.7.1 Material Strengths & Properties for Design 
 
 2.8  Major Design Codes & Standards 
The Barshinger Life Science and Philosophy Building was designed using the following major 
design codes and standards. 

 International Building Code (IBC), 2000 
 ASCE 7-98 
 ACI 315 “Manual of Standard Practice for Detailing Reinforced Concrete 

Structures” 
 ACI 318 “Building Code Requirements for Reinforced Concrete” 
 ACI 530 “Building Code Requirement for Masonry Structures” 
 ACI 531 “Specifications for Masonry Structures” 
 AISC “Specification for the Design, Fabrication, and Erection of Structural Steel 

for Buildings” 
 
 2.9 Design Loads 
Design building loads were obtained from the General Notes page of the Structural Drawings 
provided by EYP.  However, I also verified the values through simplified calculations using 
ASCE7-02 and the International Building Code (IBC) 2000 to determine the live, dead, snow, 
wind, and seismic loads acting on the building.  The resulting load values are summarized in 
Figure 2.9.1 below.  The verifying calculations are available for review in Appendix A.   
 

Offices 50 psf (+20 psf partitions) 
Laboratories 60 psf Live 

 Public Spaces 100 psf 
Floor Loads 120 psf Dead Exterior Walls 45 psf 
Flat Roof 25 psf 

Snow Sloped Roof 28 psf 

N-S Base Shear 65.5 k   Wind E-W Base Shear 143.2 k 
Seismic Base Shear 895 k 

Figure 2.9.1 Building Loads for Design 
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3.0 Project Proposal 
 3.1 Goal 
The stated goal of this project is to improve the efficiency of certain aspects of the structural 
system.   
 

3.2 Depth Analysis 
The depth analysis for this project will primarily investigate the new design options for structural 
system components.  I hope to streamline the lateral force resisting system through a reduction in 
the number of braced frames necessary to resist the calculated environmental loads.  I will also 
explore an alternative foundation system of concrete caissons drilled into rock.  In addition, I 
will attempt to design an alternative system to replace the Vierendeel truss. 
 

3.3 Breadth Analyses 
The two breadth analyses will focus on assessing the impact of the depth analysis results on 
construction management, architectural integrity, and mechanical systems.  The streamlined 
lateral force resisting system and the alternative foundation system will be evaluated based on 
raw material quantities and cost impact using RS Means 2006.  The truss replacement will be 
assessed additionally for its architectural and mechanical impact on the building. 
 

3.4 Task Breakdown & Methodology 
Lateral Force Resisting System Efficiency Evaluation/Alteration 

 Develop improved structural models of the existing braced frames using SAP 2000 
computer software.  Create new models as necessary for any altered/new braced frame 
configurations. 

 Create Excel spreadsheets to analyze the efficiency of the existing and altered systems. 
 Determine foundation requirements for the altered system using hand calculations and 

Excel spreadsheets. 
Foundation Systems 

 Research the design of drilled caisson foundations. 
 Redesign the current foundations to include any changes made to the lateral system using 

hand calculations, Excel spreadsheets, and my foundations textbook. 
Spanning the Lecture Hall - Vierendeel Truss Options 

 Research the origin and use of Vierendeel trusses. 
 Explore potential options including, but not limited to, long span steel joists and 

triangular trusses. 
Constructability Management 

 Determine quantities of steel, concrete, and excavation material from the depth analyses. 
 Calculate cost impact using R.S. Means 2006. 
 Research general construction issues related to the existing and new designs. 
 Compare the existing and new designs. 

Architectural/Mechanical Impact 
 Create AutoCAD drawings of the exterior façade that is impacted by the Vierendeel truss 

and the alternative options. 
 Assess the impacts to the both interior and exterior appearances. 
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4.0  Depth Analysis – Lateral Force Resisting System 
 4.1 Existing System – Braced Frames 
The existing lateral force resisting system was previously assessed for its load carrying capacity 
and potential for improvement.  As described in Section 2.3, the existing system is composed of 
ten concentrically braced frames spaced throughout the building.  Computer models were created 
and analyzed using SAP2000 to determine the characteristic stiffness of each frame.  This 
information was dumped into an Excel spreadsheet (Figure 4.1.1) to distribute the seismic base 
shear to the individual frames according to the equivalent lateral force method as described in 
ASCE 7-02.  The SAP2000 models are not provided in this report. 
 
To further deconstruct the braced frames, I distributed the lateral story forces to the diagonal 
bracing members using an Excel spreadsheet.  The members were checked for allowable 
compression and tension strengths using the design tools in the Manual of Steel Construction: 
Load and Resistance Factored Design (LRFD), 3rd Edition published by the American Institute 
for Steel Construction (AISC).  In addition, total story drift was calculated using design 
procedures described in The Seismic Design Handbook, 2nd Edition by Farzad Naeim for 
undamped Multi-Degree of Freedom (MDOF) systems under static loading.  Stiffness matrices 
(Appendix B) were created from the calculated axial stiffness values of the bracing members.  
The results of the force distribution, allowable strength comparisons, and total story drifts are 
available for review in Figure 4.1.2. 
 
Upon review, the existing system was adequate to resist the calculated seismic load.  Overall, the 
capacity of the system is underutilized and presents the opportunity for streamlining, which is 
described in the next section. 
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Figure 4.1.1 Seismic Base Shear Distribution According to the Equivalent Lateral Force Method 
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Figure 4.1.2 Diagonal Brace Member Force Distribution, Strength Design Efficiency, and Total Story Drift 

 13



Michael A. Hebert  Spring 2006 

4.2 Updated System – Less Frames 
The review of the existing lateral force resisting system manifested the opportunity to streamline 
the existing system and create a new system with a more efficient use of member capacities and 
total drift limits.  I adjusted the Excel spreadsheets from Figure 4.1.1 and Figure 4.1.2 through 
trial and error to find the best combination of frames and diagonal member sizes.  Allowable 
member strengths were cut-off at 85% to provide some liberty for connection design. The 
resulting spreadsheets are shown in Figure 4.2.1 and Figure 4.2.2, while the new stiffness 
matrices are found in Appendix B. 
 
The revised system involves the removal of four braced frames (Frames 4, 5, 9, and 10) and the 
alteration of three of the remaining frames (Frames 3, 7, and 8).  The new frames were re-
modeled in SAP2000 to determine the new characteristic stiffness. The reduction in the number 
of frames placed additional seismic loads on the remaining frames’ foundations, but the existing 
spread footings have enough additional capacity to handle the increased loads satisfactorily. 
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Figure 4.2.1 Seismic Base Shear Distribution According to the Equivalent Lateral Force Method 
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Figure 4.2.2 Diagonal Brace Member Force Distribution, Strength Design Efficiency, and Total Story Drift
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5.0 Depth Analysis – Foundations 
5.1 Existing System – Spread Footings 

The existing foundations are comprised of numerous shallow, spread footings in a system 
recommended by the geotechnical engineer of record.  Designed with a maximum soil bearing 
capacity of 3000 pounds per square foot (psf), the majority of the footings are 7’x7’ to 9’x9’.  
However, the column footings range in size from the smallest, 4’x4’x1’, to the largest combined 
footing, 17’x38’x4’.  That largest footing requires more than 105 cubic yards of concrete! 
 
The largest cast-in-place (CIP) footings support the lateral force resisting braced frames.  The 
column footing schedule for the braced frames is tabulated below in Figure 5.1.1.  After 
improving the braced frame system, I thought it would be rational to assess the foundation 
system’s potential for improvement. 
 

 
Figure 5.1.1 Braced Frame Column Footing Schedule 

 
5.2 Alternative System - Drilled Concrete Piers 

In searching for an alternative foundation system, I re-examined the Geotechnical Investigation 
Report from the geotechnical engineer of record, Advanced Geoservices Corporation (AGC) of 
West Chester, Pennsylvania.  During the investigation, six test borings were drilled and analyzed 
to approximate the soil conditions of the building site.  Intact rock was encountered in all six 
borings at depths ranging from 3 feet in the center of the building footprint to 23.5 feet in the 
southeast corner of the main structure.  The rock is described as medium hard gray limestone 
with graphitic shale laminations and earned a Rock Quality Designation (RQD) of 55%, 
indicating that the rock is sound with numerous fractures/joints.  Using straight-line interpolation 
between the test borings, I created an approximate three-dimensional rock contour map with the 
lowest floor elevations intersecting the limestone where rock excavation will be necessary.  A 
plan view of this map is depicted in Figure 5.2.1.  An additional three-dimensional perspective 
view and the original contour map provided by AGC can be found in Appendix B.  The three-
dimensional views helped to approximate the rock depth below the lowest floor elevations for 
the analysis of an alternative foundation system.  Based on the gathered information, I decided 
that a system of drilled concrete piers extending into the rock base should prove to be an 
attractive alternative to the CIP spread footings.  The project’s lead structural engineer, Frank 
Lancaster of EYP, also suggested a concrete caisson system as the best option to replace the 
spread footings. 
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Figure 5.2.1 AutoCAD Approximation of Intact Rock Depth 

 
Given that the footing were largest under the braced frames, these foundations were individually 
re-designed as drilled piers to assess the overall potential of a new foundation system.  All other 
piers were designed for an anticipated column load of 250 kilo-pounds.  To design the new 
system, I employed a step-by-step procedure to estimate the ultimate bearing capacity of drilled 
shafts extending into rock from Principles of Foundation Engineering, 5th Edition by Braja M. 
Das, which is available for review in Appendix B.   
 
Unfortunately, the geotechnical report did not include estimated values for the Young’s Modulus 
or the unconfined compression capacity of the local rock.  It proved to be very difficult piece of 
information to garner from libraries or the internet, but I eventually found three sets of limestone 
strength properties in some very interesting sources.  The sources for the information are a 
technical note entitled “Evaluation of Mechanical Rock Properties” from the International 
Journal of Rock Mechanics and Mining Science and a report entitled “Strength and Deformation 
Properties of Granite, Basalt, Limestone and Tuff at Various Loading Rates” published by the 
U.S. Army Corps of Engineers in 1969.  The found properties are displayed in the Figure 5.2.2 
below. 
 

Rock Description Young’s 
Modulus (psi)

Unconfined 
Compression 
Capacity (psi) 

Cordoba Limestone 1.6 x 106 4600 

Indiana Limestone 3.8 x 106 9000 
Light Oilve-Gray, Dense, 

Very Fine Grained w/ 
Some Stylolite Seams 

11.23 x 106 11180 

Figure 5.2.2 Found Strength Properties of Limestone 
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Due to the unknown nature of the limestone encountered on the site, the most conservative 
values were used to design the drilled pier system for the Barshinger Life Science and 
Philosophy Building.  The design calculations were organized and computed in an Excel 
spreadsheet (Figure 5.2.3).  In an attempt to maintain constructability, shaft diameters were 
limited to one-foot incremental sizes and the shaft depths into rock were restricted to five-foot 
increments. 

 
Figure 5.2.3 Drilled Pier Design 
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6.0 Depth Analysis – Spanning the Lecture Hall  
 6.1  Existing System – Vierendeel Truss 
The existing system uses a Vierendeel truss (Figure 2.6.1) to span 69-feet over the large lecture 
hall on the ground floor.  The truss carries half of the lecture hall roof load as well as a 15-foot 
width of classroom spaces on the two upper stories and the main roof.  A partial second floor 
framing plan, Figure 6.1.1, depicts how the truss is incorporated into the floor system.  The truss 
utilizes rigidly connected vertical members to unite the three large girders into one great load 
carrying system.  The truss uses vertical members instead of diagonal members to ensure that the 
exterior wall openings are not obstructed, thereby maintaining the symmetry of the main façade. 
 

 
Figure 6.1.1 Partial 2nd Floor Framing Plan – Existing System 

 
6.2 Alternative System – Long Span Steel Joists 

This project has exposed me to the Vierendeel truss for the first time.  Therefore, I took the 
opportunity to assess the effectiveness of this structural feature by designing an alternative that 
will fulfill the structural and architectural duties of the Vierendeel truss.  This section will 
evaluate the structural requirements and Section 8 will discuss the architectural impact. 
 
Three possible alternatives arose from a conversation with the building’s primary structural 
engineer: (1) moving the lecture hall entirely into the main building envelope, (2) a 3-story 
diagonally braced truss and (3) a new floor diaphragm using long span steel joists.  Since I did 
not want to alter the symmetrical façade or the interior space configuration, I was left with 
Option 3. 
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Using RAM Steel computer software and The New Columbia Joist Company Catalog 2002-1, I 
was able to design an alternative structural system (Figure 6.2.1) to span across the large lecture 
hall.  However, the load carrying capacity of the joists precipitated an alteration of other floor 
diaphragm components.  The steel joists, spaced approximately 3-feet center to center, must span 
the long direction, forcing the composite metal deck to be oriented in a direction perpendicular to 
the existing system.  The long span joists must be a minimum of 40-inches deep to support the 
required dead and live loads across the entire span.  
 

 
Figure 6.2.1 Partial 2nd Floor Framing Plan – Long Span Joists 

 
The purpose of designing the long span joist system was to determine if there was another 
system existed that could replace the Vierendeel truss system without dramatically changing the 
basic shape and configuration of the lecture hall space below.  The joist system has the load-
carrying ability to do just that.  However, the architectural impact of the new design will 
ultimately decide its practicality as an alternative to the existing design. 
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7.0 Breadth Analysis – Constructability 
 7.1 Raw Material Quantities 
The simplest test of an alternative structural system is to quantify the basic materials necessary 
for construction and compare the values with the existing system.  Streamlining the braced frame 
system involved the removal of four braced frames and the alteration of three others.  Material 
savings were calculated to be nearly ten tons steel HSS-shapes using Excel (Figure 7.1.1). 
 

 
Figure 7.1.1 Steel Savings for Updated Braced Frame System 

 
Designing a new foundation system greatly reduced the amount of concrete and reinforcing steel 
needed for construction.  The building materials for existing spread-footing system for the braced 
frames are quantified in Figure 7.1.2.  The building materials for the new drilled pier system for 
the braced frames are quantified in Figure 7.1.3 for comparison.  In an attempt to make a fair 
comparison, I increased the spread-footing materials by 25% and the drilled pier materials by 
50% to account for the relative uncertainty of the drilling conditions.  Basically, the new system 
represents a 38% concrete savings and a 24% rebar savings over the existing system.  The other 
fifty column spread footings were tallied and their concrete volumes summed to get the 
“OTHER” values in Figure 7.1.2.  In order to quantify materials, the drilled piers for the other 
columns were designed to support a typical 250 kilo-pound load.  The “other” column footings 
are not as massive as the braced frame footings; therefore the material savings were not as 
dramatic.  In fact, other columns footings accounted for only sixteen of the four hundred cubic 
yards of concrete that could be saved by employing a drilled pier foundation system. 
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Figure 7.1.2 Building Materials for Existing Spread Footings 

 
 

 
Figure 7.1.3 Building Materials for New Drilled Piers 
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 7.2 Cost Impact 
The material savings are great statistics, but ultimately the potential of the newly designed 
systems boils down to cost.  I used R.S. Means 2006: Heavy Construction Cost Data to 
approximate the raw material and construction costs for each major activity affected by the two 
foundation systems.  The cost breakdown for the existing spread footing foundation system is 
tabulated in Figure 7.2.1.  For comparison, the cost estimate for the new drilled pier foundation 
system is tabulated in Figure 7.2.2.  A fear of the unknown clearly manifests itself in the cost 
estimate of the drilled pier system, leading to an estimate that is practically double the estimate 
for the basic spread footing assembly. 
 

 
Figure 7.2.1 Cost Estimate for Existing Spread Footing Foundation System 

 

 
Figure 7.2.2 Cost Estimate for New Drilled Pier Foundation System 
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The cost estimate for the streamlined lateral force resisting system is not as dramatic, but it does 
represent a potential savings over the existing system.  I used R.S. Means 2006: Heavy 
Construction Cost Data to approximate the total cost per ton of HSS-shapes, including basic 
erection costs.  Estimating the cost of the connections proved more difficult.  The bracing 
members are slotted and welded to steel plates with fillet welds.  The plates are then welded to 
the wide-flange columns or beams.  Typical connection details are illustrated in Figure 7.2.4, 
which were taken from the structural drawings provided by EYP. 
 

 
Figure 7.2.4 Typical HSS Bracing Member Connections 

 
Charlie Carter of AISC suggested that an installed fillet weld would cost about $35 per pound of 
welded metal.  I added 10% to that estimate to account for the connection plates.  To determine 
the welding material quantities, I used the tabulated member forces in Figures 4.1.2 and 4.2.2, 
the basic connection configurations as depicted in Figure 7.2.4, and the minimum weld sizes and 
lengths as explained in the Lecture Notes for AE 597E: Design and Analysis of Steel 
Connections.  Basically, the minimum weld length (Lweld >= 4tweld with Lweld = 1/4Lreal) controlled 
the weld size in every connection.  The Excel spreadsheets generated in the connection design 
processes for both the existing and revised systems are available in Appendix C.  The 
connections savings were then added to the steel savings to produce an overall estimate of the 
money saved by revising the lateral force resisting system.   The savings are tabulated below in 
Figure 7.2.5. 
    

 Figure 7.2.5 Savings Estimate for Revising the Lateral Force Resisting System 
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8.0 Breadth Analysis – Architectural/Mechanical Impact 
 8.1 Façade Impact 
The Vierendeel truss is particularly ingenious for its ability to cooperate with the rectangular 
openings of the building’s façade.  The Western façade of the Barshinger Life Science and 
Philosophy Building is depicted in Figure 8.1.1 with the Vierendeel truss location expressed in 
light blue.  The symmetry of the Colonial Revival-style façade is easily recognizable and should 
be preserved at all costs.   
 

 
Figure 8.1.1 West Façade with Vierendeel Truss 

 
The long span joist system, as pictured in Figure 8.1.2, also protects the integrity of the façade’s 
architecture.  The joists that lie within the façade have the same nominal depth as the girders in 
the Vierendeel truss.  The joist members also have the added advantage of open webs, which 
create spaces for the four 12-inch web penetrations required in the lowest girder of the truss (see 
Figure 2.6.1). 
 

Figure 8.1.2 West Façade with Long Span Joists 
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 8.2 Interior Space – Above Ceiling Assessment 
The potential problem with the long span joist system lies within the plenum space above ceiling.  
The existing system uses W16x31 beams to span the transverse direction from the typical 
framing at the center of the building to the Vierendeel truss at the exterior.  The new system of 
long span joists has 40LH16 members spanning across the lecture hall on the ground floor and 
across teaching labs and classrooms on the upper two floors.  There is a nominal difference in 
depth of 24-inches.  The rooms are designed with a typical 9-foot ceiling height and a total above 
ceiling plenum depth of 53-inches.  If the ceiling height is to be maintained, there would only be 
13-inches for mechanical ductwork in the long span joist system. 
 
The ductwork needed to be investigated in order to properly assess the alternative structural 
system.  If all the ductwork can be reduced to a maximum depth of 10-inches, then the ceiling 
height would only have to decrease by maximum of 4-inches and the long span joist system 
could be a viable option.  Partial HVAC Ductwork plans provided by EYP are available in 
Appendix C.  Five ducts need to be altered for the long span joist system: a 30x18 return duct on 
the first floor and two 24x18 supply ducts on each of the two upper floors.  Using the design 
tools in Fundamentals of Thermal-Fluid Sciences by Yunus A. Cengel, I was able find 10-inch 
ducts that have the same fundamental friction loss.  The new duct sizes are listed in Figure 8.2.1.  
By maintaining the same friction loss, I ensured that only the ducts, and not the mechanical 
equipment, were resized.  If the friction loss was greater for the altered duct, then the fan would 
use more energy to supply air to the spaces at the prescribed exit rate.  However, the newly-sized 
ducts have a much higher aspect ratio then the existing ducts, which means more sheet metal to 
enclose and a more expensive duct.  The widths of the new ducts are also a cause for concern as 
the plenum space is going to be very congested with only 17 inches of free space in which to fit 
numerous utilities.  However, the bottom line is that the long span joist system can be made 
viable with a little extra money and a few changes to the HVAC ductwork. 
 

 
Figure 8.2.1 Design of Equivalent Flattened Duct Sizes 
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9.0 Conclusions & Recommendations 
Through both the depth and breadth topics, I have been able to analyze and assess a few of the 
many systems at work throughout the Barshinger Life Science and Philosophy Building at 
Franklin and Marshall College in Lancaster, Pennsylvania.  The lateral force resisting system 
was streamlined for efficiency.  A new foundation system of drilled concrete piers was designed 
to carry the building loads directly into the intact limestone less than 25-feet below finish grades.  
The structural device that is the Vierendeel truss was assessed based on the design of a potential 
alternative.  After the designs were complete, I reached into construction management, 
architecture, and HVAC ductwork design to properly compare the new systems with their 
existing counterparts.  The following conclusions were made based on the analyses from this 
senior thesis project: 
 

 The existing lateral force resisting system of ten concentrically braced frames is 
oversized for the calculated seismic loads.  The number of frames can be safely reduced 
to six, saving nearly $18,000 in material and construction costs. 

 
 Replacing traditional spread footings with drilled concrete piers is not cost effective.  

Although the geotechnical engineers mapped the intact rock depth as enticingly close to 
the planned ground floor level, the drilled pier system ($325,000) was estimated to cost 
twice as much as the spread footing system ($163,000).  However, the drilled pier system 
did reduce steel reinforcing quantities by 24% and concrete consumption by 35%.   
Geotechnical investigation is an extremely difficult job to complete accurately.  As a 
result, excavation contractors are wary of deep foundation systems and charge 
accordingly. 

 
 The Vierendeel truss is extremely effective and efficient for carrying significant loads 

over a large span.  It can be manipulated to accommodate various configurations of 
rectangular openings, such as windows in a façade.  A system of long span steel joists can 
be designed as an alternative to the rigidly-connected and weighty Vierendeel truss.  
However, the long span joists required bay in-fill members that were significantly deeper 
than those used with the truss.  Those deeper members created a heavily congested 
above-ceiling plenum space and required that some HVAC ducts be resized to preserve 
the prescribed ceiling height. 

 
 HVAC ducts can be flattened out without increasing friction loss or system energy 

consumption by simply maintaining the hydraulic diameter. 
 
 For each individual building system that is changed, ten other systems are subsequently 

affected… 
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Drilled Pier Design Procedure  
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Appendix A 
Dead & Live Load Requirements / Weight of Building Calculations 
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Appendix A 

Snow Load Analysis 
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Appendix A 

Wind Load Analysis 
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Appendix A 

Wind Load Analysis (cont’d) 
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Appendix A 

Seismic Load Analysis 

 

 34



Michael A. Hebert  Spring 2006 

Appendix A 

Seismic Load Analysis (cont’d) 
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Appendix B 

MDOF System Stiffness Matrices 
 

Existing System 

 
 
 

Revised System 
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Appendix B 

Drilled Pier Design Procedure 

 
Das, Braja M.. Principles of Foundation Engineering.  5th Edition.
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Appendix B 

Drilled Pier Design Procedure (cont’d) 

 
Das, Braja M.. Principles of Foundation Engineering.  5th Edition.
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Appendix B 

Drilled Pier Design Procedure (cont’d) 

 
Das, Braja M.. Principles of Foundation Engineering.  5th Edition.
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Appendix B 

Intact Rock Contour Drawings 
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Appendix B 

Intact Rock Contour Drawings (cont’d) 
 

3-D CAD Drawings of AGC Contour Map 

 
Plan View 

 
 

 
SW Isometric View 
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 Appendix C 

Bracing Connections 
 

 
Welded Connection Design for the Existing Bracing System 
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Appendix C 

Bracing Connections (cont’d) 
 

  
Welded Connection Design for Revised Bracing System 
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Appendix C 

Partial HVAC Ductwork Plans 
 

 
First Floor 
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Appendix C 
Partial HVAC Ductwork Plans (cont’d) 

 
 

 
Second Floor 

 

 
Third Floor
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