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Executive Summary 
The main purpose of this proposal is to identify issues and challenges with the existing design and to 
propose a solution to these issues.  To assist these solutions, tasks, tools and a semester long 
schedule is provided. This new 209,000 square foot University Sciences Building is located in the 
center of the University, nestled in between surrounding campus buildings.  The building consists of 
classrooms, offices, laboratories and collaborative open spaces.  It is essentially two buildings 
connected by a 4 level passage.  The building’s one- of-a-kind cantilevers make for an interesting 
structural project.  The building is constructed with concrete on the first 3 levels and steel the 
remaining 5 levels.  The floor system is a one way reinforced concrete slab on the lower floors and 
composite steel deck with concrete topping on the upper floors.  The lateral system consists of both 
braced frames and shear walls with varying heights. 

As originally designed, the structural system has minimal flaws.  An alternative design to obtain 
maximum efficiency is difficult to propose.  After much research and investigations into alternative 
systems, I have proposed a solution to better the lateral systems as well as deep trusses to better 
assist the designed cantilevers.  Currently, two solutions are to be further investigated.  The first is the 
change the core lateral system from braced frames to shear walls, as well as introduce deep trusses 
to address the cantilevers.  Second is to integrate both of the solutions together to form one rigid 
system, although this solution may prove to be infeasible.  

As per the schedule, these proposed solutions will follow a logical schedule to help reach a final 
design as well as address the breadths.  Two breadths will be of interest in the semester to come.  
First is a construction management breath.  The primary focus of this breadth will be a detailed 
phased plan to maximize the construction efficiency.  Along with the phase plan will be a detailed cost 
estimate with the proposed adjustments.  The second breadth will pertain to the architecture.  Both 
topics of the depth will incur altercations to the spatial layout and façade.  The breath will investigate 
the changes needed to the spaces in the USB and the façade construction when applying the shear 
walls and trusses.
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Each floor’s different floor plans presents one of a kind overhangs and cantilevers which really 
express the structure of the building (Figure 3).  The placement of key structural components are 
carefully placed to preserve optimal structural function from floor to floor. 

Structural Overview 

The University Sciences Building sits upon a Site Class C (Geotechnical Report verified with ASCE 7-
05 Chapter 11) with drilled 30’’ caissons, caisson caps, spread, continuous, stepped footings, grade 
beams and column footings.  Levels 1-3 of Building 1 and level 4 of Building 2 use concrete beams 
and slabs with a combination of concrete columns and steel encased columns.  The upper floors of 
both buildings use a composite beam/slab system and continue with steel and encased columns.  The 
lateral systems consists of shear walls and braced steel frames.  The shear/retaining walls start from 
the grade and end at various heights around the building.  The braced frames are composed of wide 
flange chords with HSS diagonals that also reach various heights. 

Foundations 

The design and analysis of foundations are in accordance with the geotechnical report provided by 
Construction Engineering Consultants, Inc and ASCE 7-05. Schematic and design development 
stages were conducted with a safe assumpiton that the soil class was solid rock. The majority of the 
University’s soil has been geologic lly tested to show this.  As time proceeded and the geotechincal 
report was released, it was found that the site class was different than anticipated, was a site class C 
was determined appropreiate.  This induced a complete redesign of Building 2’s foundation along with 
using a new ‘flowable fill’ for backfill for Building 1.  Flowable fill is entrained with fly ash, cement, and 
other agents to generate negliable lateral pressure on surrounding foundation walls but maintains a 
compressive strength of 500 psi (Calculations for this are not provided in this technical report). 
 
In has been concluded from the structural drawings that the allowable soil/rock bearing pressures for 
spread footings on weathered shale are 6000 psf.  Likewise for siltstone/sandstone allowable 
pressures are 12000 psf.  In addition, caissons socketed 5’ into siltstone/sandy stone are to have an 
allowable pressure of 50 ksf.  
 
The building load path initiated from the floor systems to columns and then to their respective 
caissons or interior column footings.  For exterior perimeter caissons, they are connected with grade 
beams to interior caissons or grade column foundations.  The slab on grade (SOG) is to be poured 
onto compacted soil to withstand 500 psf and a minimum of 6” of compacted Penn DOT 2A or 2B 
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Problem Statement 
Technical Reports 1 and 3 have confirmed and displayed the structural strength and serviceability 
adequacy requirements.  Due to the complexity of the building the construction efficiency was 
comprised with respect to the lateral and supplemental systems.  Currently, the lateral system design 
is a combination of steel braced frames and concrete shear walls.  In both buildings, a total of 16 
different braced frames will be utilized to adequately resist lateral loads.  The complexity of 
connections within these braced frames caused much delay and confusion during construction.  The 
decision of 16 braced frames can either be attributed to the design professional’s preference or many 
other reasons.  Proposing a shear wall lateral system at the core that, as designed, consists of 6 
braced frames may help reduce the complexity of connections therefore helping the construction 
efficiency. 

Furthermore, the cantilevers of the USB were a challenge in the design process and will be a point of 
interest in this proposal.  Implementing trusses to account for these cantilevers may prove a more 
efficient structural system.  The intent is to have these trusses tie into the core of the building and to 
have portion of the truss cantilever out.  Initially it is thought that this could decrease structural dead 
load in the cantilevered areas.  The floor system may be altered slightly from the original design but 
for the most part remain the same.   
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Solution Statement 
Two main solutions for the USB have been proposed.  These solutions also include other minor 

solutions independently that will be explored separately throughout the design process.  They will be 

compared to find the most efficient system.  The following are the two proposed solutions. 

1. Core shear wall lateral system and deep trusses on cantilevers 

2. Core shear wall lateral system integrated with deep trusses. 

The reason for two different solutions is because an adequate design of the trusses will perform well 

in gravity conditions but may not against lateral loads.  Integrating the deep trusses with the core 

shear walls may allow the whole system to resist lateral loads more efficiently.  The intent will be to 

design will be to design the trusses to resist gravity loads with a focus on the cantilevers, while 

considering the interaction with the rest of the gravity system. Next the deep trusses will be integrated 

with the core lateral system to not only determine its individual lateral adequacy but also as a lateral 

system as a whole. 

With the consideration of two academic breadths, construction management and architecture, this 

proposals schedule, tasks and tools will help outline an efficient process to achieve an alternative 

design.  
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Breadth Topics 

Construction Management – Phased Construction, Schedule, and Cost 

The main purpose of the construction management breadth is to construct a phased construction 

schedule.  If the system chosen is the deep trusses integrated with the shear walls, then the pouring 

and erecting of both systems will be a main focus.  The order in which these tasks are completed will 

be paramount to the other tasks falling in place.  In addition, the construction of two buildings and the 

complexity of floor plans can be constructed with more accuracy and efficiently after an implemented 

phased construction plan.  Also due to the size of the deep trusses, the staging and picking of 

members will need to be strategically placed.  These tasks will inherently affect the rest of the 

construction project. 

Furthermore, the change of shear walls from braced frames will induce more concrete and formwork 

cost.  The complexity of the system may also cause increased labor hours.  Detailed estimates of 

structural members will be of most interest.  These changes may also affect architectural aesthetics, 

which will also have a need for detailed estimates. 

Architecture – Spatial Layout and Façade  

Since the primary use of the deep trusses is to provide adequate structural strength, the layout of 

architectural spaces may be compromised.  Certain spaces may need to be rearranged because most 

areas will be impenetrable due to the diagonals of the trusses.  Furthermore, the trusses may be 

visible in some areas through the windows that are currently designed.  An alternative design and 

location of the windows and other elements of the façade may be necessary.  
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Task and Tools 

Depth‐ Deep Trusses with New Shear Walls 

1. Task 1: Make a proposed layout of  trusses 

a. Where is the most efficient placement 

2. Task 2: Design the trusses under gravity loads. 

a. Determine member sizes 

b. Determine truss configuration 

c. Determine member connections 

d. Construct a computer model of the truss 

3. Task 3:  Design the shear walls at the core 

a. Determine material properties 

b. Design the shear wall per the lateral loads 

c. Construct a computer model of the system 

4. Task 4:  Determine how much lateral load the trusses receive  

a. Perform hand and computer model calculations 

5. Task 5: Explore the option of trusses integrated with shear walls 

a. Determine the difference in layout 

b. Design the connection of steel trusses with respect to shear walls 

6. Task 6: Consider needed altercations in floor system with trusses 

a. Design Composite floor system for the affected areas 

7. Compare designs, methods, pros and cons. 
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Breadth 1 – Construction Management 

1. Identify change in project price 
a. Material and hard costs 
b. Labor costs 

2. Identify individual sections of construction to be phased 
a. Schedule each phase 
b. Identify areas of overlap (efficiency) 

3. Construct adjusted project schedule 

 

Breadth 2 – Architecture 

1. Identify areas where trusses will affect spatial layout 
a. Match trusses with wall construction 
b. Do not obstruct life safety plan 

2. Identify areas where trusses may affect the façade 
a. Do they obstruct windows? 
b. New façade construction? 
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Conclusion 
The proposed alternative design of the University Sciences Building focuses on the lateral system and 

an introduction of deep trusses to help increase the structural efficiency and constructability.  With an 

unknown layout and design of the proposed trusses, many viable options for its construction and use 

are still available.  Currently two different options are being considered.  First is the redesign of the 

core lateral system from steel braced frames to concrete shear walls to help reduce the 

constructability issue.  In addition, deep trusses will be designed to help resist the gravity loads for the 

building’s complex cantilevers.  Secondly, the two concepts of the first option will be investigated as 

an integrated system.  This will help achieve a more efficient system to resist lateral loads. 

In introducing different structural systems, other features and systems of the building will be affected.  

This proposal addresses two breadths; construction management and architecture.  The construction 

management breadth will focus on a phased construction plan.  As there are essentially two buildings 

and complex floor plans, a phased plan will help maximize the construction schedule.  In addition, 

incurred cost from the alternative structural system will be analyzed with an adjusted project schedule.  

The second breadth addresses the adjustments to the architecture.  This breadth will focus on the 

spatial layout of spaces affected by the addition of trusses.  Also, the redesign may affect the façade.  

The trusses may be visible through the windows and relocating these windows may be of interest. 

The redesign semester will follow the schedule in this proposal.  Any changes, whether additions or 

subtractions, will be noted in revised proposals. 


