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Executive Summary 
This report focuses on methods and technologies that would allow the Moore Building Addition to be 

constructed at a faster pace, which would allow the occupants, including those displaced, to have a more 

permanent location to conduct their business. The research provided is impartial to the greatest humanly 

possible degree and does not favor any outcomes over any others. 

Analysis I had a research goal of determining the possibility for demolishing the entire North Wing section of 

the existing Moore Building as opposed to selective demolition for reasons of reducing total project schedule 

time and determining a possible difference in cost. As a result of the research performed, demolition or 

deconstruction would cost roughly $425K versus the original $237K for selective demolition. This assumes no 

asbestos abatement, which would not affect the cost as it is constant for both approaches, as outlined in the 

research. However, the demolition/deconstruction would reduce the schedule time by at least 10 work-days. 

In the analysis II, the benefits and implications of replacing the current stick-built façade with a near identical 

(if possible) pre-cast façade were explored. The research suggested that, based on the system provided by 

Oldcastle Precast Systems, the precast system would not be exactly identical nor would it be cheaper ($304K-

363K precast vs. $300K stick-built), but, it would weigh slightly less and perform better mechanically, 

requiring no structural redesign and saving $2,300 per year. Most importantly, the reduction in schedule time 

is 67 days. This includes time for mobilization, lead times, and waiting for the steel structure to be completed. 

For analysis III there was an initial desire to consider a contract type with the steel prime contractor in order 

to streamline the process of delivering and erecting steel that would involve OPP holding the contract with 

steel prime contractor. This was already the case and a shift to study the effect of a design-assist contract on 

the process in order to develop the case, as OPP does not have the manpower for such a move. Based on 

research and analysis, the design-assist contract method would be beneficial to the project assuming 

allocation of funds was not an obstacle. Quantitatively, the benefits would be seen in the form of a schedule 

reduction of 12 work days and just over $100K in savings. This would also come at a risk of about 14$ percent 

of the project total, which would be a risk of $3.6M. 

Finally, the last analysis (analysis IV), which looks at the viability of integrating an AE program with OPP in 

order to have a dual-benefit approach of allowing the students in the program produce B.I.M. models for OPP 

in order to be used for, but not limited to, preventative maintenance, asset management and geographical 

representations of on-campus buildings. This idea is based on the notion that students in the AE program 

would be modeling buildings either way, and OPP could benefit from this and pay a lower premium which 

would, in turn, benefit the AE department. Based on past trials and controversial aspects of the entire 

project, as well as intensive research on the project, the most appropriate and effective approach would be 

to hire students to perform the modeling in an internship setting. This solution, although extremely simple, 

entitles OPP to all their desires for a model and prevents long lead times as well as provides resume-friendly 

experience. 
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The Moore Building Addition 
Moore Building is an existing building on campus and it houses the department of psychology. 

Throughout its existence, the program has grown at a steady pace and so has its faculty and students. 

Interest in the field is much greater than it was when the Moore Building was initially constructed, a few 

decades ago. With the department of psychology now being one of the largest departments on the Penn 

State University campus, an equally monumental expansion was due; The Moore Building Addition & 

Renovation. 

Split into two phases, this structure will be constructed to the highest standards, and satisfy the needs 

of the entire department, whilst keeping in mind economic decisions and “green” construction and 

operation practices. 

The Moore Building Addition is located on the 

intersection of Fischer Road and Allen Road on the 

university campus of The Pennsylvania State 

University, on the Northeast side of campus. 

Logistics will be an easier task than previously 

anticipated due to the student traffic in the area 

which is much less than that of central campus. 

This is also in-part due to the fact that the building 

is close to Park Avenue, which is connected to the 

highway and where some material may find itself 

coming through. Although the roadways leading 

into and out of the areas are tight, the utmost 

effort will be put forth by all parties to ensure the 

success of the project. 

The building’s design sports the new Penn State trend of modern mixed with historical architecture. This 

is primarily evident in the extensive use of red brick infuse with aluminum paneling and glass curtain 

wall systems (Figure a-1). Its design allows the building to stand out and provide more for the image of 

the university, while maintaining its function very well.  

  

Building Statistics 

Building Name Moore Building Addition 

Building Location University Park, PA 16802 

Occupancy Department of Psychology 

Classification B (Business) 

Building Size 
57,000 SF + 16,000 SF 
North Wing 

Project Start/Finish 06/2010 – 01/2012 

Building Cost $26.1 Million 

Project Delivery Method Design-Bid-Build 

Table a-1: Building Statistics 

Figure a-1: Moore Building Addition 



  
 
 

Moore Building Addition & Renovation | University Park, PA 16802 | April 7, 2011 | 
MOHAMMAD ALHUSAINI |CONSTRUCTION MANAGEMENT | DR. DAVID RILEY | 

 
 

Building Systems Summary 

Demolition 
In order for construction to begin demolition must occur at the site of the original structure. This is due 

to the fact that the Moore Building Addition and Renovation must tie into the old building, and the old 

building’s façade must be removed to allow for this to happen. This will be followed by removal and 

asbestos abatement of the original building before the new structure can be erected. Another large 

demolition requirement is the removal of the existing building’s asphalt parking lot and concrete 

walkways, which have to be removed so that excavation can take place. This process suffered two 

sinkholes occurring during first weeks of construction. 

Structural Steel Frame 
Moore Building Addition and Renovation consists of a typical structural steel system. The structure 

consists of a predominantly structural steel system that is cross-braced from north to south and from 

east to west of the building. The typical structure is followed through from the 2nd to 4th floors, as they 

are very similar. The first floor and basement and the high roof have a few structural differences than 

the rest of the building. The cross bracing system includes HSS7x7x.25 from the 3rd floor to the high roof, 

and HSS8x8x.25 from the basement floor to the 3rd floor, with a few exceptions for some of the pieces. 

The north side of the building’s steel is sloped downward for bracing purposes.  

The existing building’s north wing’s structural system was taken down to its structural steel elements 

and that will be used and built around as a cost-saving method. It also helps tie in with the existing 

building. 

Although a crane and boom size has not yet been specified, the planned and approved location for a 

crane will be the north side of the building. However, there is a higher possibility that this will be 

substituted for two cranes on the east and west sides of the building in order to increase productivity 

and for safety reasons. This also makes transporting the cranes easier as they are smaller in size. 

Cast in Place Concrete 
Cast-in-place concrete will be used for the strip footings, spread footings, foundation walls, basement 

slab, SOG, composite decks from the first floor up to the high roof.  

The pouring method that will be used to place the concrete will be pump trucks. Typical formwork will 

be used for the foundations with plywood and steel used. Also, the wood used will be recycled after the 

limited number of uses in order to comply with the 70% recycling goal for the project. 
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Mechanical System 
In the basement level of the Moore building are chilled/hot water pumps along with the secondary 

chilled water pumps, all raised 4” on a concrete pad of their own. Two of the Chilled Water Pumps 

produce a flow of 905GPM, whilst the last produces a flow of 130GPM. The secondary chilled water 

pumps’ flow is rated at 245GPM and the hot water pumps’ flow is rated at 500GPM. There also exists a 

condensate pressure pump as well as several unit heaters. The Hot water supply and return pipes are 

capped for future phase II. They are located in the basement as well.  

There are two main air handling units. The first is 

supplying a chilled beam system (19,000CFM AHU 

29.85BHP @ 1800RPM) whilst the other is 

supplying the VAVs in the building (31,000CFM 

AHU 48.80BHP @ 1800RPM). The building consists 

of both variable and constant air volume systems. 

The new AHUs are located in the basement level of 

the new building. There is an existing AHU in the 

penthouse of the existing structure as well. 

Electrical System 
The electrical system is quite sophisticated in 

Moore Building Addition. The main equipment 

panel board has a distribution of 3 Phase 480V. 

The demand on this panel board is 336KVa. Most if 

the rest of the panel boards are 480Y/277V 3 Phase 

wiring with some 240Y/120V three and single phase 

wiring.  

Electrical connection is made in manhole #201. Also 

at manhole #201 is an emergency connection rated 

at 4160V. A 1000KVA transformer is used with 

12.47KV Primary and 480/277V Secondary coils 

which provides power to the building and is 

provided by Office of Physical Plant. Main 

Switchgear has a rating of 42,000 AIC. Also, there 

are both a standby service voltage switch and 

standby distribution panels for the addition. 

 
Figure a-3 

Figure a-2 
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Masonry 
The Moore Building Addition and Renovation consists of a brick façade accompanied by glass and 

aluminum in order to both retain a traditional look as well as to suggest growth and foresight. This 

means that the brick is a veneer setup as opposed to load-bearing, which it is not. As shown in figure a-2 

the assembly consists of the brick veneer separated from the insulation by an air space and tied to the 

building using an adjustable wall tie. The brick is surrounded by both glass and metal panels of 

aluminum, and although it may seem to cover a lot of surface area, the typical installation is the same 

throughout the entire façade except for a few special brick types for the edges of the building. 

The other instance where masonry used is in the roof assembly where the steel deck meets the edge of 

the wall and a CMU bond beam can be used for the blocking as shown in figure a-3. 

Curtain Wall 
There is an aluminum curtain wall system that covers most of the first floor. This same curtain wall 

system is used throughout the façade of the building on the higher levels and is surrounded by glass and 

brick veneer assemblies, held by mullions. The transition between the lower and higher façades is 

separated by ornamental metal. The top of the curtain wall system that is held by the mullions is braced 

for lateral loads, in order to prevent it from being damaged. 

Support of Excavation 
As support for the excavation shoring will be used to keep the excavated area in place. This process is 

succeeded by foundation work and, more importantly, the underpinning of the existing structure, which 

requires care and extra support to keep the existing building from collapsing.  

For dewatering systems, there are two standby pumps to remove water should it become a problem. So 

far, they have not been utilized as there hasn’t been a problem with the area in terms of water table. 

This makes the pumps a safety measure, and they are temporary. 
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Project Cost Summary 
Building Areas 

Addition  57,000 Sq. Ft. 
Renovation  16,000 Sq. Ft. 
Total Area  73,000 Sq. Ft. 

 

Building Costs 

Construction Cost (CC) $19,200,000 
CC/SF $263.01/SF 
  
Total Cost (TC) $26,100,000 
TC/SF $357.53/SF 

 

Building Systems Costs* 
Roofing $433,170 
Curtain Wall $1,293,556 
Asbestos Abatement $210,365 
Excavation, Shoring, Demolition, Concrete, 
Waterproofing, Landscaping, Site Furnishings, etc. 

$1,778,000 

Masonry $314,000 
Structural Steel $1,228,500 
Windows, Metal Panels, Curtainwall $1,283,886 
Interior Walls $3,284,000 
Elevator $361,800 
Fire Protection $288,688 
Plumbing $769,000 
HVAC, BAS Controls 3,494,000 
Electrical $1,987,000 
*Data obtained from bid results 

  
Table a-2: Project Cost Summary 
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Site Plan of Existing Conditions  
The Moore Building Addition lies on the north-east side of the Pennsylvania State University’s main 

campus. Although this area of the campus is less crowded with pedestrian traffic than the core of 

campus, it still receives some traffic. However, the site is much easier to manage in terms of pedestrians 

as the buildings here are more sparsely laid out and re-routing is an easier task here. The main 

construction trailer site will be directly opposite to the project’s site. This makes it more convenient for 

the project managers and personnel. It also provides more space for laydown areas where the “Existing 

Asphalt Parking Lot and Landscaping” is, as that has been removed and will be used for major laydown 

for when materials reach the site. 

The North Wing of the Moore Building has been intentionally shown as it will be “renovated” as part of 

the addition phase since it has been stripped to its steel structure and that structure will be 

incorporated into the addition.  

The existing utilities have been shown and most connections will be made in the manholes including 

electrical connections whose details are contained in the Building Systems Summary portion of this 

report. There are no gas lines mapped out in this section of campus that are included in the drawings as 

this building uses steam instead. The boundaries of the site are not defined as the area involved is Penn 

State owned land. The maximum area of disturbance coincides with the fence lines, and they may be 

considered “property lines.”  

Figures a-4 and a-5 show aerial view of the site of the Moore Building Addition. The construction trailer 

shown in figure a-5 is a temporary site for the duration of the project only. 

 

 

 

 

 

  

 

 

 Figure a-4: Bing Map Aerial View 
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Parking for the project workers will be a combination of the parking lot on the west side of the 

construction trailer site as well as off-site parking (the stadium lots on the east side of campus). 

See APPENDIX A for more details. 

  

Figure a-5: Bing Map Aerial View 
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Local Conditions 
The Moore Building Addition is located on the North-East side of the University Park campus and is part 

of a construction initiative that aims to better the quality of the facilities at Penn State University as well 

as expand them. The benefits of construction projects on the University Park campus include the relative 

leniency with the construction site, availability of laydown areas off-site especially if the project is in an 

area of high density pedestrian traffic. For the Moore Building Addition the project location is at an 

advantage.  

Building methods at the Pennsylvania State University campus are focused on quality structures that can 

withstand the cold temperatures as well as the hot temperatures, and typically consist of structural steel 

for the buildings skeleton. This is mainly due to cost and keeping them down than any other factor 

alone. This is especially true for this project as there are state-funds (DGS Money) involved so low 

bidders are chosen for some of the building systems.  

The subsurface water condition of the site is typical of what is seen on the University Park campus and 

although there are standby pumps as a safety measure, excavation is not expected to reach the water 

table.  

Seven test borings were used for the Moore Building Addition and were performed by CMT Labs, inc. 

and ranged from depths of 36 to 55 feet below grade. A groundwater table was not established during 

these tests but it was possible that the fluctuation in water tables occur due to change in season. This is 

why there were standby pumps on site.  The surface of the site where the parking lot consists of 6 

inches of asphalt which lays on top of gravel subbase that is 6 inches deep as well. The areas not 

covered in asphalt contain a topsoil layer 6 inches thick, and is organic in nature and is highly 

compressible. There is also fill material around the site which starts at about 2.5 to 5 feet below grade 

and consists of clay, gravel and shale fragments. Under all different fills there is a consistent layer of 

natural residual cohesive soils which include silty clay, sand, gravel and weathered dolomite. This layer 

extends to depths varying between 20 to 36 feet below grade. 

The results conclude that the recommended foundations will be conventional shallow foundations 

consisting of spread footings as well as continuous wall footings. 
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Client Information 
One of the main reasons of this project is to expand the abilities of Penn State’s psychology departments 

and, in turn, its collective abilities. With the departments of Psychology being one of the largest 

departments on the University Park Campus and the expected tenure-track faculty number to grow 

from 42 to 50, the addition will be a fitting one for this department. 

“A building that effectively serves the varied research activities of the Department is a central goal of the 

addition to and remodeling of Moore. This will require different lab sizes and configurations, with an eye 

toward flexibility to accommodate future changes in faculty and research programs.” 

--Moore Building Program 

As the quote above states, Moore Building Addition will aid in research efforts and help the department 

grow substantially over the coming years. This is in part due to the fact that cramped space for research 

and makeshift research areas have strangled the efforts of those here at the department of psychology. 

This addition plans to provide new facilities that keeps in mind all the needs of the department and has 

a specific goal in mind to provide more and more to the department.  

At the Pennsylvania State University there are people who are very particular about the quality, 

progress and, most importantly, the safety of all construction projects on their campus. These people 

range from those at OPP to the board of trustees to the students themselves. The bettering of the 

campus is an interconnected web of relationships between everyone who shares any experience in or at 

Penn State. 

Safety goes a long way at Penn State and could sometimes be considered the number one factor on 

many projects; Moore Building Addition is no exception and every effort has and is being made to keep 

that standard. This is reflected on both the university and the contractor so no chances are taken in this 

department. A strict selection of pre-qualified companies may even bid. The criteria here include EMR 

ratings among other things.  

Cost of the project, as with any project, is a defining factor as well. This is mainly due to the fact that 

state funding is being used for the Moore Building Addition and so, a low bidder has to be chosen. This 

means that although Penn State would like to have the utmost in quality, they are also bound to 

choosing a low bidder for this job for some of the systems. This is especially true because at the Moore 

Building there are state of the art communications and laboratories equipment included in the 

specifications and job requirements. So, a low cost will be favored but quality will also be pursued as 

that is also part of the job’s specifications and Penn State’s values as a research institute.  

The factors above rely on a trust placed by the owner (PSU) in the companies involved in the project as 

well as their active participants from OPP ensuring that the project proceeds with as few “hiccups” as 
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possible. There is a mutual responsibility. The building will be turned over and occupied while as soon as 

it is done and the renovation phase will begin on the existing building in a phased occupancy strategy 

that allows work to be done in one building while the other is being worked on. 

Project Delivery System 
The Project delivery system being used on this project is a Design-Bid-Build. This is due to the fact that a 

design has to be agreed on by the board of trustees as well as the university architect, David Zenghut, 

before a design can be cleared for building. This process ensures that the university’s vision of the 

campus design and theme can be maintained. Also, a defined program can be achieved with more 

confidence before building even begins.  

This method was also chosen because of the way that construction works on Penn State’s campuses; it is 

overseen by the Office of Physical Plant (OPP), and they have a big hand in keeping costs down as they 

are an owners representative that is capable of a lot of in-house maintenance and minor construction 

Figure a-6: Organizational Chart 
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and act as a much more competent owner side. This cuts costs of tuition, which is another goal for 

construction on budget. 

 

Organization structure includes a project manager from OPP, who oversees the Architect/Engineer Firm 

(Kling Stubbins) as well as the contractor (P.J. Dick) as well as the Geotechnical Firm (CMT) on the 

project. All these entities are contractually bound to the university and the project manager ensures and 

facilitates communication between the three. This is done with the project manager’s team of in-house 

engineers at OPP. The main assistant to the OPP project manager is the construction administration 

specialist, who oversees the project site and handles RFIs and such, in order to keep a better “flow” on 

the project. 

The contract held by the OPP and the CM firm is a GMP (Guaranteed Maximum Price). The 

subcontractors hold a lump sum contract with the CM firm, PJ Dick.  

The Testing and Inspection agency (CMT Labs) is responsible for a certain degree of quality control 

assurance including, but not limited to, compaction tests, concrete testing, rebar testing, bolts and 

welds testing and testing mortar samples in the brick. P.J. Dick, the CM firm holds official contracts 

between themselves and the subcontractors, and, the bidders for all subcontracting work are pre-

qualified to the CM firm’s standards.  
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Staffing Plan 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

The staffing plan for P.J. Dick is structured for efficiency. The project manager on this job is the main 

person communicating with the OPP, and the communication is mainly between the OPP Project 

Manager, the construction administration specialist at OPP and P.J. Dick’s Project Manager. This is not to 

say that no other communication lines exist. The project Executive handles all major aspects of the 

project and can report to OPP when necessary, and coordinates communication between his team. This 

is because he is in charge of more than one project. 

There is a meeting held at the OPP on a bi-weekly basis, and this includes the project manager of the CM 

firm as well as the project manager at OPP and his construction admin specialist. Other attendees to this 

meeting are the project architect as well as some OPP engineers. Another meeting is held by the OPP 

construction administration specialist and the CM firm and all its employees on the job. These sets of 

meetings facilitate all problem solving issues and get things resolved in a more timely manner and 

induce communication between all parties involved. 

Figure a-7: CM Firm Organizational Chart 
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Detailed Project Schedule 
The construction of the Moore building addition consists of removing the original brick façade of the 

existing building and asbestos abatement of the original structure. This will be done for all floors in the 

beginning and will allow for the removal of the existing concrete and asphalt on the ground level. The 

structure and foundation will be done in two sections; West, followed by North and East as one section. 

This will occur for the basement and first floors since the basement is only on the west side and the first 

floor consists of slab-on-grade. After the first floor is done, the building will be done together.  

Although the schedule comprises of many grouped items, the general direction of work will start from 

the west section followed by the North and East sections of the building. This is due to the way that the 

new structure will tie into the existing structure. One benefit of this is that time will be freed up by the 

sections that are completed early, so that work can proceed in segments.  

The schedule is broken down into the actual structure as a whole portion, whilst the interior fit-outs 

(including MEP and Electrical) being sectioned by floor. 

Steel 

The most important lead time in this process is the structural steel’s which will take 40 days to arrive 

from the time in which it is ordered, making it arrive in October. So, many activities need to either be 

held off up until that time, or, some need to occur before the arrival of the steel. 

Site-Work 

One major area in the schedule, as this project is a renovation is the site-work involved, which will take 

about 100 days. The details of this activity are shown in the schedule. 

Demolition and Asbestos Abatement 

The demolition and abatement phase takes up about 45 days for the first portion to occur and the last 

part cannot occur until the last ten days of December.  

Interiors 

Interior fit-outs begin almost immediately after the final slab is poured on the fourth floor, with the first 

floor layout of the track being done about two weeks after pouring the slabs.  

The sequencing of work from floor to floor occurs in a highly orchestrated manner; the crew working on 

an activity on the first floor would finish and immediately start the same work on the next floor allowing 

the next tradespeople to start work on the previous crew’s finished activity.  

See APPENDIX B for more details. 
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Detailed Structural Estimate 
The detailed structural estimate was done using RSMeans Costworks to organize and tabulate the costs 

and line items of the takeoffs, which was done by hand.  

 Structural Systems Estimate Summary 

System Type Estimated 
Cost 

Estimated Cost (incl. 
OH&P) 

Added Waste Factors 
(10%) 

Concrete System $687,248.47 $786,814.72 $855,539.57 
Structural Steel System $567,265.28 $661,384.49 $718,111.01 

 

 

There was no information provided as to the exact actual cost of the concrete system. This is due to the 

fact that the concrete for the Moore Building Addition is part of a larger package that includes 

excavation, shoring, demolition, waterproofing, landscaping, site furnishing, fences, paving and 

stripping. However, the rough total was around $1 Million estimated by the CM firm, and this number 

was stated to be inflated due to several factors including this price being part of the GMP (guaranteed 

maximum price). The subcontractor’s prices did come in less than this, but the actual amount, as stated 

before, cannot be deduced. So, this estimate has come up about ~$145K short of the actual amount 

which could be attributable to differences in required tolerances of concrete placement, differences in 

waste factor calculation, and the exclusion of items such as dewatering, concrete curbs, concrete stairs 

and waterproofing from my estimate. 

For the structural steel system, the estimate came about ~$500K short of the estimated value by the 

lowest bidder (~$1.2 Million). This, according to the CM Firm PJ Dick is very close to the actual cost of 

the structural system. This is due to the fact that no ornamental steel has been taken into account (this 

includes stairs, rails, steel panels and other such items and was estimated to be ~$500K) as the 

structural steel package for the Moore Building Addition takes into account ALL steel for the project. 

Metal decks have been included as part of this package as well. 

Although the comparison is based on the low bidder’s estimate, the rest of the bids are a bit higher and 

that may be because of the added cost of aligning the new structure and making sure that the floors and 

framing line up with the existing structure. Also, performing work in State College, PA may be a little 

more costly due to some “invisible” costs that may include laydown, storage and transportation to and 

from the site. However, although the floors may need to line up, the new structure is independent of 

the previous structure.  

Table a-3: Summary of Estimated Costs for 

Structural Systems 



  
 
 

Moore Building Addition & Renovation | University Park, PA 16802 | April 7, 2011 | 
MOHAMMAD ALHUSAINI |CONSTRUCTION MANAGEMENT | DR. DAVID RILEY | 

 
 

Finally, although the estimate is very close to the actual cost, it may have been slightly lower if the wide-

flange members were all priced exactly based on member type. This was not possible through RS Means 

Costworks as not every member type is included or available with its own costs.  

Assumptions & Facts 

 Foundation wall heights have been averaged because the difference is minimal. 

 NW Concrete on 2” 18 Gage G60 metal decks (actual). 

 WWF Reinforcing W2.9xW2.9 (actual) in all slabs. 

 No rebar was calculated as part of reinforcing due to time constraints and minimal amount. 

 Wide flange and HSS members were grouped as not all member sizes were available for cost 

.purposes in RS Means Costworks (e.g. if columns were W12X20 and the nearest PLF was 

W12x22, all members will be estimated based on the assumption that they are W12X22 

members). 

 Lateral Bracing members were assumed to be 63 members at 14’ each; no option for total 

length was given. 

 New Structure and existing structure will be independent structurally speaking.  

See APPENDIX C for more details. 
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General Conditions Estimate 
For the General Conditions Estimate, the layout was broken down into two main sections; 

Staff/Personnel and Office expenses/OH (including Temporary Utilities), as shown in table a-4. 

 

General Conditions Estimate Summary 

Category  Cost 
Staff/Personnel  $1,193,900.00 
Office Expenses/OH  $214,685.00 
TOTAL  $1,408,585.00 

 

 

The total cost of $1.2 Million is 5.39% of the entire project cost. The costs do not necessarily reflect the 

costs of the CM firm PJ Dick, but some items used are accurate in comparison to the project’s general 

conditions estimate, and were derived from the actual General Conditions Estimate, whereas a few 

other items were added to accommodate for this assignment’s requirements. The costs of these added 

items were estimated.  

It was assumed that there is temporary power coming in to the trailers, although this may not be 

completely true depending on whether the trailers are connected through an existing building or not, as 

the trailers are directly next to a building on the opposite side of the road to the construction side.  

See APPENDIX D for more details. 

 

  

Table a-4: Summary of Estimated Costs for 

General Conditions 
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Analysis I: Demolition 
The Moore Building Addition is set to tie into an existing structure of structural steel members. This 

existing structure is 16,000SF and will be stripped to its structural steel and concrete decks before any 

work can or will be done. This portion is called the North Wing and is an independent structure, so, 

there will not be a need for any structural ties to the new structure that will be built around it. 

This North Wing will undergo Asbestos removal and abatement during the “Demolition and Abatement” 

phase of construction. Most of this demolition and abatement phase will be from June 2010 to up until 

the beginning of September 2010. So, the process will take about 90 days to complete, and whilst that is 

part of the schedule, there may be room to accelerate the schedule by eliminating this process entirely. 

Analysis’ Importance 
Although the Moore Building Addition is scheduled to be both on schedule and under budget, it’s a 

building long over-due, and its early completion can begin to bring both research and revenue to the 

department of psychology at Penn State. The idea is not simply for profits, but the Moore Building’s 

operation is symbolic of the department’s growth as well a new beginning for the program at the 

university. So, a building handed over early means that the next phases of construction can begin early 

as well, since there is an entire renovation of the existing building that follows the construction of the 

new building.  

Proposed Solution 
The proposed solution to the issue at hand – finishing the building earlier – is to, instead of stripping 

down the North Wing of the existing building to its structural steel and concrete decks, demolish it and 

build it back up as part of the new structure. The idea focuses on seeing the entire new portion of the 

building as one new piece, and treating it as that instead of reducing the North Wing and then rebuilding 

around it and renovating it.  

Possible Drawbacks to Solution 
Since this solution proposes to demolish the existing structure, there may be more foundation work 

involved with the new building, and a possible redesign may be imminent. Also, the demolition may cost 

more than would be beneficial to the project and cause a large amount of waste on site, which would 

contribute to the cost of the demolition, making it less cost-effective. Finally, the process requires very 

specialized companies to carry out the process, since the North Wing is attached to the current Moore 

Building and a Demolition may require extra attention as not to compromise the structural integrity of 

the building through a miscalculated demolition, or careless preparations. In other words, there are 

quite a few risks involved with the operation that may render it useless. 
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Methodology 
 Research and determine cost and schedule time required for Asbestos abatement and removal 

per square foot. 

 Research and determine cost and schedule time required for constructing a superstructure of 

16,000SF made up of four levels. 

 Research the costs involved with tying in two structures, if any. 

 Data of the Asbestos abatement and removal of the current structure will be obtained in order 

to compare to the researched data, from available documents or from project team on the site. 

 Analysis of labor costs of both methods will be evaluated and a comparison made. 

 Additional costs due to quality control of tying in will be assessed from current job data and 

compared to the final costs of both systems. 

Resources/Tools 
 Project Manager at PJ Dick  

 Project Leader at OPP  

 Available estimates of Moore Building Addition  

 Available schedule of Moore Building Addition  

 Applicable publications  
 

Expected Outcome 
An expected outcome would be that tearing the entire north wing down and building it back up as part 

of the entire structure would be a more cost effective option than preserving its structure. Another 

expected outcome would be that the schedule time would be ultimately reduced as well due to this. 

This is due to less time spent on the intricate details involved with preserving the structure as well as 

removing the asbestos in it, and instead, being able to build right up from the site. Also, space on site 

will be less congested due to this. 

Performed Research and Results 
The Moore Building Analysis is, as mentioned previously, a 73,000 SF structure which will consist of a 

57,000 SF new structure which will be built surrounding the existing North Wing (16,000 SF). This North 

Wing will initially be stripped down to its bare structure and following this, the two structures will be 

seamlessly merged. This will occur along with the removal of the brick façade of the original structure, 

which will be covered by the new structure. So, there will be a demolition crew on site to begin with, as 

this will be removed as well as the existing pavement and parking lots that are a part of the original 

building. 
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The existing North Wing of the Moore Building will then be, by definition, “deconstructed.” This means 

that as opposed to demolition where it will be torn down, the building will be stripped but with care 

taken in order to keep certain parts intact. These parts will be load-bearing and their preservation will 

be essential as the North Wing is not structurally connected to the new structure that will be erected 

around it. 

Demolition Research 
Demolitions are not necessarily explosions. They are a controlled method of bringing a building down on 

top of itself, and require lots of preparation and a very skilled professionals in order to allow for a 

building to “go down” nicely and cause as little disruption and debris as possible. The use of explosives is 

not always necessary, but when it is, the preparation becomes extremely time-consuming. The idea is 

that there will be a lot of debris and flying pieces of concrete and other materials, so, in essence, there 

will need to be a lot of work before a building can even be fitted with the explosives. Also, the focus of 

this analysis will be deconstruction; a type of demolition, although the term “demolition” may be used 

to refer to “deconstruction.” 

This work comes in many shapes and forms, with one of these being the removal of certain objects like 

copper, non-load-bearing items like drywall, and partitions. And, interestingly enough, one more 

unforeseen thing that must be done before a demolition can occur is asbestos abatement (Loizeaux). 

However, there are techniques which allow for asbestos to be contained, rather than removed and 

costing the project; controlled demolition in which the floor columns are removed and replaced by 

computer-controlled hydraulic jacks, and lowered on these jacks so that deconstruction is more efficient 

and tidy. This eliminates most debris and risks involved and streamline the process. This has been 

proven on buildings up to 20 stories high and would not be a problem to use on the Moore Building 

Addition since it is only 4 stories high ("Popular Science"). 

One aspect of a demolition that may, however, be beneficial in an environmentally friendly way is the 

recycling of the rubble from the demolition as use in aggregate in the concrete to minimize waste on site 

and reduce the cost of removal of the waste. Also, if the aggregate is of no use to the concrete used in 

the Moore Building Addition, it can be stored and used for future roadways and other construction in or 

around campus. This can even be taken further and the rubble used as aggregate for mortar, and as a 

recycled product (Corinaldesi, Giuggiolini, and Moriconi 893-99). 

The real problem here is, though, the demolition process considering two attached structures. With the 

Moore Building currently consisting of a North Wing that is attached to the existing structure, it may be 

a much more difficult job than simply demolishing a free-standing building. This poses question that 

really challenges the viability of this proposed solution.  
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Demolition Preparation 

Before demolition may begin, preparations must begin in order to ensure both the success of the 

endeavor and the safety of the general public. Assuming that both are taken care of in the same 

preparation period, the time for this period must be examined, as well as some of the necessary physical 

preparations that must take place.  

In preparing for demolitions (explosive or non-explosive) the process may take anywhere from two 

weeks to 3 months. For the Moore Building Addition’s North Wing, the period will most likely be within 

one month, or 30 days, since it is small in size, however, no definite answer can be given unless the 

structure is examined by a professional.  

Based on information obtained from an unnamed vendor, there will be no ability to determine the exact 

amount of time taken to actually demolish or deconstruct the building. This may take up to 1-2weeks 

depending on many factors, especially since the North Wing must first be isolated from the existing 

structure. 

Project Management Costs & Demolition Time 

Through conversations with an experienced project manager, there has been determined to be a 

different approach to this entire analysis. By comparing two buildings with studies based on selective 

demolition and full demolition, one can apply the same knowledge to the Moore Building Addition. 

However, the figures presented are all relative, and may or may not skew the reality of the costs to the 

actual building. Important factors to note are that both projects require asbestos abatement. 

Expert Analysis 
124,000 SF  6 Weeks Demolition 100% building  

    8 Weeks Selective Demolition 1/3 of building 

        

Factor = 1/3 for time to demolish Vs. selective demo.  
Hence… 

16,375 SF 

Selective Demo. Schedule Time : 29 Days (~5wks) 

Complete Demo. Schedule Time : 29*2/3 = 19 Days (~3wks) 

 

GC Costs: $1.4M/570days = $17,200/Wk. 

Saving 2wks 
GC savings = $34.4K 

 Table 1-1: Expert Analysis 
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Based on the figures provided, one can deduce that the amount of time required for demolition of the 

North Wing would be 3 weeks, including the removal of all waste materials. With this time, the required 

amount of asbestos that would need to be removed before rendering the process non-cost-effective 

would be 15,000 SF of asbestos removal. 

Schedule Time 

Also based on expert opinion, there would be a very significant change to the results presented, in that 

the schedule time required to build the North Wing would be technically negligible. Since the schedule 

time considered is extremely conservative at 29 days, the amount of time taken can be further reduced 

by simple good practice. Another large factor considers the simple structure of the North Wing, and the 

ability for its construction as part of the rest of the structure to be able to reduce its schedule impact by 

2/3 of the time. This means that it would only really add about 10 days to the total schedule time, 

making the proposition much more viable. 

Asbestos Research 
“‘Asbestos’ is a generic term used for the fibrous forms of 6 naturally occurring minerals. They 

are all flame retardant, heat insulating, acid resisting, nonconductive and exceptionally stronger 

than steel. There are only 3 main types of asbestos fibres that are commercially used: 

1. Crocidolite (also known as ‘blue asbestos’) 

2. Amosite (also known as ‘brown asbestos’) 

3. Chrysotile (also known as ‘white asbestos’)  

There is no simple test to identify the different fibres; laboratory examination is required (you 

cannot always distinguish by colour alone). All fibres can be dangerous in their raw form (as are 

nearly all industrial raw materials), but blue and brown asbestos fibres are known to be much 

more dangerous than white asbestos fibres.” (An Introduction to Asbestos) 

 

With the current state of affairs, the removal of asbestos is a requirement for all new construction and 

renovation work, and so is the case in the Moore Building Addition. And, to make matters more 

complicated, the asbestos in the Moore Building is friable, meaning that it can easily vaporize in certain 

areas and be inhaled. This means that excessive vibrations that may be cause by explosives can result in 

fibers of asbestos being released and posing a threat to all those around the building as they are 

extremely fine and can easily be inhaled. These fibers, when inhaled in higher than normal 

concentrations have detrimental effects to one’s health. So, without removing the asbestos, no 



  
 
 

Moore Building Addition & Renovation | University Park, PA 16802 | April 7, 2011 | 
MOHAMMAD ALHUSAINI |CONSTRUCTION MANAGEMENT | DR. DAVID RILEY | 

 
 

demolition can occur unless the new technique – described in the last section – is utilized where 

hydraulic jacks slowly bring down the building.  

Another, more appealing technique is to “enclose” the asbestos. This means that the asbestos-sprayed 

areas or asbestos insulation is sealed so that no fibers or particles can contaminate the atmosphere 

around them. This may still not work for demolition that involves explosives, but may be utilized in 

demolition where the computer-controlled hydraulic jacks are employed, as vibrations are minimized. 

Asbestos Analysis 
A preliminary cost analysis was done to determine the cost-effectiveness of the demolition of the North 

Wing and rebuilding it. The data was obtained from the available cost breakdown of the Moore Building 

Addition and Renovation of the North Wing.  

The data was taken from two main sections. First, the asbestos abatement and removal costs were 

determined, and the time taken was considered. The line items included asbestos abatement and 

removal as well as the selective demolition that was performed on the structure in order to remove 

necessary pieces. Included was also the allowance for the temporary equipment used to aid in the 

removal of the asbestos in a safe and efficient manner.  

Costs involved with asbestos abatement and removal were followed by the schedule time taken, based 

on the available schedule of the project. The total time to remove the asbestos was recorded and will be 

used as a comparison tool. This all pertains to the 16,000 SF North Wing and is shown in Table 1-2. 

Asbestos Abatement Cost Analysis - North Wing 

Item   Unit Cost / Unit    

        

1 Asbestos Abatement & Removal 16,375 SF $20/SF $327,500 

2 Selective Demolition for Asbestos Preparation 3,986 SF $10/SF $39,860 

 3 Temporary Equipment for Abatement 1 EA $25,000 $25,000 

4  Selective Demolition for  North Wing 16,375 SF $12.10/SF $198,080 

5 Demolition of Concrete, Casework etc. 16,375 SF $2.4/SF $39,303 

      Total $629,750 
 

Table 1-2: Asbestos Cost Analysis 
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As shown, the total cost for asbestos abatement and removal in the North Wing of the existing structure 

is just under $630K. Since the project is being built almost $6Million under budget, the monetary savings 

will be mitigated by the possibility of schedule acceleration. The reduction in schedule time would not 

only need to be significant to the entire project, but all risks involved with the demolition would need to 

be low. The reason for this is that if the demolition of the entire North Wing poses more of a risk to the 

timely completion than its possible benefits, then it would be no longer feasible as an alternative. 

Asbestos Abatement Schedule Impact Analysis – North Wing + Selective 
Demolition 

  W/O Basement Abatement W/ Basement Abatement Total Area (SF) 

 Total Days 93 days 207 days 16,375 SF 

Only Workdays 80 days 177 days  

     

Schedule Day/CSF 0.4885 days/CSF 1.0809 days/CSF  

Schedule Hrs./CSF 11.7252 hrs./CSF 25.9420 hrs./CSF  

 

As shown in Table 1-3, which was taken from the final schedule of the project, the process for asbestos 

abatement is a time-consuming one.  

In order for work to begin on the project, asbestos must be removed from the existing building. This is a 

lengthy process and will occur before most processes. However, once the above-grade floors’ asbestos 

is removed, work will begin and foundations will start. But, the basement’s asbestos will not be removed 

for another ~3months after the first portion occurs. This will not exactly delay or hold-up any 

construction activities, but will cost time in a very indirect way, and although this is the case, it can be 

eliminated altogether with the demolition of the structure.  

So, the total time required to carry out the abatement as well as selective demolition is 93 days plus the 

10 days it will take to remove the asbestos from the basement, which adds up to 103 days. This is time 

that could be potentially used to begin constructing the building, and, in turn, completing early. 

Table 1-3: Asbestos Schedule Analysis 
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Asbestos Abatement 

Through research, it has been determined that a crucial part of preparing for demolition is the removal 

of asbestos, if it is posing a health hazard (friable). This unforeseen condition may mean that the time 

necessary to remove asbestos will not be mitigated by demolishing the North Wing, but it will be an 

addition to the entire process of demolishing and rebuilding the structure.  

The only way to determine the amount of time that will be required to contain or remove the asbestos 

in the North Wing, in a manner that prevents the substance from becoming airborne and dangerous, is 

to determine the amount of asbestos that is, in fact, friable. And, whilst this task is not exactly possible 

to determine objectively, some characteristics of asbestos must be looked at once more. 

In order to understand how much time would be required to contain/remove the asbestos and then 

demolish the structure, the structure itself must be examined completely in order to visually identify the 

way in which the asbestos has aged and been placed. This aging process plays some role in determining 

whether or not the asbestos is harmful, and whilst asbestos poses no threat if it is sealed away from 

human interaction and cannot spread its particles into spaces where humans are active in, it can still be 

dangerous if not contained properly. 

Asbestos may also appear in places not documented before, as has been found on the Moore Building 

Addition. This is due to the discrepancies between the construction documents and the as-built 

documents. It would not be surprising to find asbestos in more unexpected places, which makes the 

prospect of completely removing the North Wing much more appealing. The method in which it was 

applied plays the most important role. Flocking, the act of spraying small fibers onto a surface, is one 

common method of asbestos’ application during its prime. Since it had great fire suppression 

characteristics, it was sprayed liberally on surfaces, especially since it is a very light material. However, 

these fibers can be dislodged so easily especially after a little amount of time. Another way in which 

asbestos was used was in sheets, that were almost “rubbery” yet had a carpet-like texture, and these 

sheets were used in applications like floor tiles and as insulation. The floor tiles, in their non-friable state 

may never be problematic, but the insulation may weather over time and its fibers would easily 

dislodge, returning us to square one. 

So, how does one tell what has happened over a long period of time without searching the building of 

asbestos; it is generally a tough situation. Once maintenance operations occur, the fibers may easily be 

dislodged from minor vibrations and handling of the asbestos or the material it coats. Hence, safety 

preparations are crucial if any type of asbestos related work is to take place, and this means that there is 

a cost for asbestos containment. 

Illustrated in graphs 1-1 & 1-2 is the amount of asbestos that can be removed before the process 

becomes more costly than the current proposal. Since the total time to remove the asbestos from the 
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North wing and perform selective demolition is 103 days, and it would take 29 days to reconstruct, in 

theory, the North Wing, then there are 74 days left in which asbestos abatement can take place along 

with demolition (3 weeks as discussed in section “Expert Opinion”) itself before the demolition proposal 

loses its cost-effectiveness. So, to determine the amount of asbestos that can be removed and, at the 

same time, preserve the demolition proposal’s effectiveness the graphs have been created to present a 

clearer picture. 

From graph 1-1 we can deduce that in 74 days, ~17,000 SF of asbestos can be removed, after which the 

demolition of the North Wing can occur whilst posing no threat to the schedule. However, if there is 

more than 17,000 SF of asbestos to be removed (which is impossible!), then the operation would 

become a cost to the project. 

Furthermore, graph 1-2 illustrates the cost of removing asbestos based on square footage, deduced 

from the original calculation as follows:  

($327,500 + $25,000) / 16,000 SF = $21.52 / SF 

 

 

Hence, it can be also deduced that in order to remove 17,000 SF of asbestos, it would cost ~$366K. This 

means that although the cost may be quite high for the entire operation, it would all come down to the 

savings in schedule time, if at all possible.  

  

Cost to abate 16,000 SF 

asbestos (no 

preparation costs) 

Allowance for asbestos 

removal preparations 

SF of asbestos to 

removed  



  
 
 

Moore Building Addition & Renovation | University Park, PA 16802 | April 7, 2011 | 
MOHAMMAD ALHUSAINI |CONSTRUCTION MANAGEMENT | DR. DAVID RILEY | 

 
 

0

10

20

30

40

50

60

70

80

0 2,000 4,000 6,000 8,000 10,000 12,000 14,000 16,000 18,000

Sc
h

e
d

u
le

 T
im

e
 T

ak
e

n
 (

d
ay

s)
 

SF Asbestos Removed 

Schedule Time Taken V. SF Asbestos 
Removed 

$0

$50,000

$100,000

$150,000

$200,000

$250,000

$300,000

$350,000

$400,000

0 2,000 4,000 6,000 8,000 10,000 12,000 14,000 16,000 18,000

C
o

st
 

SF Asbestos Removed 

Cost V. SF Asbestos Removed 
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Reconstruction Analysis 
In the reconstruction analysis, the cost and schedule time impact for rebuilding a four-story, concrete 

deck and structural steel structure that’s 16,000 SF was studied. The cost data was used from the 

“Technical Assignment Two” cost estimates that were done for the entire structure’s superstructure 

(table 1-4). The reason for this is that the estimates performed for the technical assignment were 

extremely close to the original, and would not skew the results enough to be dismissed.  

Since the object being considered is simply the structure, which consists of structural steel and concrete, 

the cost of those items is what was going to be used in order to keep the analysis streamlined. If the cost 

does not seem reasonable, a re-analysis would be performed.  

The costs taken from the existing data have been broken down into “Dollar Value/SF” and used to 

determine the cost of the 16,000 SF North Wing, should it be rebuilt as part of the rest of the structure 

(table 1-5).  

Structural Systems Estimate Summary (58,000SF) 

System Type Estimated 
Cost 

Estimated Cost (incl. 
OH&P) 

Added Waste Factors 
(10%) 

TOTAL 
$/SF 

Concrete System $687,248 $786,814 $855,539 $14.75  

Structural Steel 
System 

$567,265 $661,384 $718,111 $12.38  

Structural Steel (NO 
HSS BRACING) 

$512,265 $589,104 $648,015 $11.17 

 

 

 

Cost of North Wing Superstructure Construction 

 Total Area 16,375 SF 

Concrete Cost $241,542 

Steel Cost $182,908 

Deconstruction Costs $81,875.00 (=16,375 SF X $5/SF) 

Asbestos Abatement $391,860 

Total Cost $898,000 

Table 1-4: Superstructure Estimate 

Table 1-5: North Wing Superstructure Estimate 



  
 
 

Moore Building Addition & Renovation | University Park, PA 16802 | April 7, 2011 | 
MOHAMMAD ALHUSAINI |CONSTRUCTION MANAGEMENT | DR. DAVID RILEY | 

 
 

Since the cost of concrete and structural steel (no miscellaneous steels added, but decking included) are 

$14.75 and $12.38 per square foot, respectively, it is simple to determine the cost of the North Wing’s 

steel and concrete (Note: The cost includes labor). The final cost would be ~$900K. Note: This calculation 

performed assuming the new structure would NOT be laterally braced with HSS beams, as per a 

conversation with a project manager and through analyzing the steel drawings. 

In order to determine the deconstruction costs, $5/SF was used as a conservative figure obtained by a 

study to determine the cost of deconstruction before salvaged materials were sold (Frisman) in 

conjunction with an expert’s opinion being that as a general rule of thumb, Selective Demolition would 

cost roughly twice the amount of demolition or deconstruction (Faust). Deconstruction is the method of 

choice due to the size of the building and its location. 

The final portion will demonstrate the schedule time taken in order to erect the four-story, concrete-on-

metal-decks and structural steel structure. This estimate of the time taken has been produced by 

reducing the original schedule time allotted for erecting the Moore Building Addition (the portion which 

surrounds the North Wing) to “Days/SF” by determining the amount of days per the original 58,000 SF. 

This is shown in Table 1-6 and has been multiplied by the North Wing’s 16,000 SF in order to estimate 

the amount of days it would take to construct it. 

 Schedule Time to Erect North Wing 
 Total SF Schedule Time Taken Days/SF 

Calendar Days 58,000 105 0.0018 

Workdays 58,000 90 0.0016 

    

Calendar Days 16,375 29 0.0018 

Workdays 16,375 26 0.0016 

 

As can be observed, the schedule time to erect the North Wing as part of the rest of the structure would 

be 29 Days, which would be added to the schedule. This numerical value represents total days, including 

days-off. If Sundays and holidays are removed, the total work days become 26. The latter number is 

used purely as a comparative value. Note: The 29 days include all time for excavation, shoring, backfills, 

and steel structures and pouring concrete on metal deck; it is the total time required to independently 

construct the North Wing and is a highly conservative value. 

The values were derived by determining the “Days/SF” for the 58,000 SF since they are allotted 56 days 

for superstructure construction including the pouring of the concrete on decks. This value was then 

multiplied by the 16,000 SF in order to determine the amount of days required to erect the North Wing. 

Table 1-6: North Wing Superstructure Schedule Impact 
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Analysis Review 
The most important factors come to play in the understanding of how “do-able” or realistic the proposal 

of demolishing the North Wing and rebuilding it as part of the entire structure is. It is important to note 

that no finishes, mechanical, electrical, plumbing or any other construction has been considered in this 

analysis so far and this is with good reason; the comparison is between stripping the North Wing down 

to its basic structure, which consists purely of concrete on metal decks and structural steel.  

With the North Wing, there will be removal of a few parts (e.g. the stairwell will be removed midway 

through the project, but will be used as vertical transportation for personnel working on site) of the 

concrete that exists. This has been included in the asbestos and abatement costs as “selective 

demolition” and covers all removal of concrete from the North Wing during construction. 

Had the North Wing been demolished, the necessary costs to consider would be the asbestos 

abatement of friable asbestos – as it is harmful – as well as the cost of the concrete and structural steel. 

This has been broken down into a “cost/SF” type of measure due to the fact that the North Wing would 

not be erected separately in the case that it was demolished. Instead, it would be built as part of the 

entire superstructure. In reality, this would reduce the overall “cost/SF” of the superstructure, but for 

simplicity’s sake, and in order to be as logical as possible, it will be assumed that the cost/sf will not 

change by rebuilding the North Wing as a part of the whole structure. 

Based on the current information, a preliminary analysis can be made by comparing the two methods in 

terms of cost and schedule time. This is tabulated in Table 1-7. 

Preliminary Comparison 
Method Selective Demolition Demolition/Deconstruction 

+ Reconstruction 
Ratio (Original 

Demolition) 

Cost $629,700 $898,200 1 : 1.426 

Schedule Time 103-74 = 29 29 1 : 1 

 

So far, the time necessary for demolition has not been included purposefully in order to understand if 

the rebuild time and cost are cost-effective or not to begin with, which they seem to be. 

Supplemental Research 

Environmental impacts 

In demolition comes great waste in the form of rubble, and most importantly, particulate matter, with 

the latter being more harmful than the former. But, how harmful are the particles emitted from a 

building like the North Wing of the Moore Building, considering it was built over 40 years ago, is the real 

Table 1-7: Preliminary Comparison of Proposed Ideas 
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question to be asked. And, considering that there is asbestos in the North Wing, demolition options 

must be studied closely as not to disturb the fibers of asbestos and pose an even greater risk. 

The first issue, with particulate matter, is to determine how realistic it is to consider. Or, in other words, 
the degree to which dust from demolition, be it by explosive charges or an excavator removing chunks 
at a time, actually affect the air quality of the surrounding environment must be determined. In fact, the 
size of particulate matter at distances up to ~50m away from the demolition site may increase in size up 
to 9-fold, thus becoming a threat to those exposed (Dorevitch, Demirtas, Persky, Erdal, Conroy, 
Schoonover, and Scheff 1022-32). 

Underpinning 

Based on expert opinion, it was determined that should the North Wing be demolished, it would allow 

for a larger basement to be built as there would no longer be a need for underpinning (figure 1) the 

structure, since not all of the structure is below grade, as it is a means to keep structural stability. This 

would reduce the cost of construction by $81,000. 
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Figure 1-1: Underpinning at North Wing 
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Underpinning Elimination and Basement Expansion 
Analysis 

Condition Item Quantity   Unitcost Totalcost 

Existing SOG Basement 5,788 SF 9.26 $53,596.88 

Deduct Underpin North Wing 1,620 SF 50 $81,000.00 

Add SOG New Basement 5,461 SF 9.26 $50,568.86 

Add Concrete Deck Fill New 5,461 SF 6.41 $35,005.01 

Deduct Strip Footings 18X12 136 LF 130 $17,680.00 

Add Strip Footings 24X12 500 LF 140 $70,000.00 

            

  

Total Cost $57,000 

 

Based on the calculations in table 1-8 the total cost to increase the basement’s square footage by 5400 

SF will be about $57,000 due to the elimination of underpinning at the North Wing. The extra space will 

be able to house more mechanical equipment, and this would only be a viable option with the 

demolition of the North Wing.  

Actual Events 

Based on a conversation with a project manager on the site of the Moore Building Addition, the 

asbestos abatement and selective demolition that occurred on the site went “very smoothly and caused 

no delays,” nor were there any issues with the operation. The second part, which took place from 

December through to January did take longer than expected but did not affect any other activities. This 

was due to the tightness of the crawlspace in the basement which required more attention due to the 

need to reroute a few plumbing lines and remove asbestos around them. 

Also, through the same conversation, it was determined that there is at least 10,000 SF of asbestos in 

the North Wing alone. 

Conclusions 
To conclude, the factors discussed all come into play. The main goal for the proposed demolition idea 

was for it to simply save time. No more was expected of this idea and incurring a cost was not abnormal 

of the proposal. In fact, with general rule of thumb, to save time you need to pay money. 

There are many factors that both deter from the idea of demolishing the North Wing and make the idea 

appealing. The stripping-down of the North Wing would require several activities to occur before it is 

ready to become part of a new structure. First and foremost, the North Wing must have all finishes, 

Table 1-8: Underpinning Elimination Analysis 
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furnishings, mechanical, electrical and plumbing equipment removed. This activity could, in theory be 

mitigated by a demolition. Finally, asbestos must be removed from the building in order to render it 

safe.  

Secondly, one must consider the required activities should a demolition occur. The first look shows us 

that preparation time is not a constant but can fluctuate, and whilst its fluctuation may even cause it to 

occur earlier than normal, its lateness could affect the entire flow of activities on the project as asbestos 

abatement is a critical path item. Although risk is normal on all construction projects, in this case, the 

demolition directly affects the short schedule for construction of the Moore Building Addition. Another 

very large factor is the fact that all friable asbestos must be removed, which means that asbestos 

abatement will occur regardless of whether there is a demolition or a strip-down. This poses the 

greatest question of whether or not the entire demolition is even necessary given that the North Wing 

will need to be stripped down regardless. The next argument is that technically, demolition cannot occur 

before the project begins, as it would typically be part of the contract with the Construction 

Management firm. 

Based on the data collected, the proposition of demolishing the North Wing would be cost effective in 

quite a few scenarios. This is due to the possible demolition in a significantly shorter time frame of only 

10 days, and a cost only slightly higher than the original proposed cost. Assuming that 10,000 SF of 

asbestos was to be removed, the savings would be in the range of 25 days including demolition of the 

structure, time to prepare (which would be done before the project even begins according to an expert) 

and all tasks related to demolition. Not only would this reduce schedule time, but the general conditions 

costs that would be saved are substantial as well at roughly $43,000.00. Again, this is considering only 

10,000 SF of asbestos that needs to be removed, but that is the risk involved. 

Recommendations 

Asbestos Present 

In the case of the Moore Building Addition, given all the factors discussed, the risk of demolishing the 

North Wing is not a great one at all. It is in fact a better proposal than the original one to perform 

selective demolition. This is due to several factors including the fact that it would take 15,000 SF of 

asbestos removal in order for the demolition to suffer a loss. In reality, most of the asbestos that will be 

brought down in a demolition will be removed, but non-friable asbestos would only need to be 

contained in order to make sure that the fibers do not spread. The recommendation considers an extra 

week to examine and prepare for the building’s demolition and as shown above, frees up a decent 

amount of money. 
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Asbestos Absent 

Assuming that there is no asbestos in the building, there would still be good reason to demolish the 

structure and bring it back up. There would be time savings, but it would still cost more than the 

deconstruction.  

Final Comparison (no asbestos) 

  Selective Demolition Demolition/Deconstruction 

Costs $198,08
0 

Selective Demo. North Wing 
$506,326 

Total cost for Demo. 

  $39,303 Demo. of Concrete, Casework etc. ($81,000) Underpinning 

   ($34,400) GC Savings 

  $237,00
0 

TOTAL 
$390,200 

TOTAL 

        

Duration 
(work days) 

29 Days 10 Days to erect 

      9 Days to Demo. 

 

As can be deduced from table 1-9 the cost to deconstruct even in the event that no asbestos is present 

in the structure may benefit the project. With the schedule a little tighter as no asbestos abatement will 

take place, there will still be time saved. 

  

Table 1-9: Final Comparison (no asbestos) 
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Analysis II: Façade 
For the façade of the Moore Building Addition all masonry and panel work will be installed on site by 

masons. This is a time-consuming process that will produce large amounts of waste as well as 

congestion and possibly quality control issues. However, the most important part of this is that the 

process is time-consuming. The ability to mitigate this can prove to be very beneficial to all those 

involved in the project. 

Analysis’ Importance 
Although the Moore Building Addition is scheduled to be both on schedule and under budget, it’s a 

building long over-due, and its early completion can begin to bring both research and revenue to the 

department of psychology at Penn State. The idea is not simply for profits, but the Moore Building’s 

operation is symbolic of the department’s growth as well a new beginning for the program at the 

university. So, a building handed over early means that the next phases of construction can begin early 

as well, since there is an entire renovation of the existing building that follows the construction of the 

new building. 

Proposed Solution 
A prefabricated façade system may be extremely beneficial to the Moore Building Addition; it may 

potentially reduce the time taken for erecting the façade whilst eliminating a lot of the waste involved 

with erecting the façade on site. This, along with the reduction in congestion is a very appealing 

combination and could potentially accelerate the schedule as well as improve the overall safety of the 

site. 

Although not the most important benefit, the decongestion of the site that will occur is typically very 

noticeable on the project. It will allow for much better coordination between the trades and reduce 

coordination time between them, and that alone may be worth the benefits. 

Possible Drawbacks to Solution 
Some concerns of the proposed solution is that the transportation may cost a significant amount, and 

the size of the trucks may be a concern in that the roads leading to the Moore Building Addition are very 

tight and can pose a safety hazard as well as logistical issues. Also, the picks must be coordinated 

thoroughly as well as the possible laydown areas for the façade pieces that are fabricated off site and 

brought to the campus. 

Methodology 
 Research and determine the cost and schedule time required to erect the façade system 

currently approved for the Moore Building Addition. 
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 Research and determine cost and time required to pre-fabricate a near-identical façade system 

through interaction with the industry. 

 Determine transportation and erection costs involved with a pre-fabricated façade system as 

well as schedule time required to erect the system. 

 Research and determine any change in structure to the Moore Building Addition that may be 

required in order for this system to be viable. 

Resources/Tools 
 Available estimates of façade system 

 Available schedule time to erect façade system 

 Prefabrication company – façade 

 Construction transportation company 

 Structural Faculty and/or peers @ PSU AE 

Expected Outcome 
The most likely outcome of this research analysis topic would be that the pre-fabricated system’s total 

cost would not exceed the total cost of the currently approved system, and the schedule time would be 

greatly reduced; enough to create a desirable impact on the project’s overall schedule. 

Performed Research and Analysis 

Precast Facades 

A precast façade is one where the veneer brick or masonry units are fabricated off-site, and then 

brought to the site and erected by lifting the pieces off the truck that they are brought in through, or by 

laying the pieces down near or on the site and erecting them once they are needed. 

In the case of the Moore Building Addition, the most suitable method to prefabricate the façade is to 

have precast concrete with half-brick as part of the façade system, in order to be applicable under code. 

Although less aesthetically pleasing, the cost difference and schedule impact may play an important role 

in changing the consensus on the idea. 

Precast Design Selection 

In order to make the proposal the most effective it can be, a very specific type of precast system was 

chosen. Oldcastle Precast Systems provided some information on a system that could be used to fulfill 

the requirements of the Moore Building Addition’s brick façade. There would be no need to change the 

metal panels’ design as they are lifted onto place in the same manner as the new precast façade system 

would be. The glazing will also be left the same for this portion.  
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As shown in table 2-1 the costs associated with the current system of masonry on the Moore Building 

Addition are as follows: 

Masonry Construction Costs 
Item Quantity Unitcost Totalcost 

Metal Panels 2,020 SF 40 $80,800 

Window Sills 585 LF 35 $20,475 

    $101,275 

     

Masonry Veneer 13,360 SF 20 $267,200 

Stone Base - Granite 168 SF 100 $16,800 

Caulking & Sealants 13,360 SF 0.75 $10,020 

Rigid Insulation 3" 13,260 SF 2.5 $33,150 

    $327,170 

     

   TOTAL $428,500 

 

The costs consider the entire assembly, but more importantly, the cost of the brick masonry assembly 

including insulation and caulking is around $330K. The Granite stone base will not be part of the precast 

system as it is on ground level and there would be very visible quality differences between the two 

systems. 

In the current system there are recessed bricks every 11-12 bricks up. There bricks will not be seen, but 

will house the mullion caps, which are an aesthetic feature when installed on the brick. With the precast 

system, these recessed areas can be concrete and will eliminate the need to purchase the extra brick in 

order to install them. This will save money. 

As shown in table 2-2 all the details of the two systems can be compared. The rigid insulation will be 

calculated with the brick due to the precast system including insulation in its configuration as the 

insulation will be “sandwiched” in between the concrete. The system comes in an 8” configuration due 

to the insulation that is included in between the concrete layers. The original system has 4” brick 

followed by a 2” air cavity and 2” of rigid insulation. This will allow the new system to be tied into the 

beams using the same shelf-angles that are currently to be used by the existing system. 

NOTE: Original calculations were based on 3-4” rigid insulation for the original system, but due to a 

discrepancy in drawings and actual values, the final value came out to be 2”. This has been considered a 

negligible decrease and will not affect structural breadth or further calculations.   

Table 2-1: Masonry Construction Costs 



  
 
 

Moore Building Addition & Renovation | University Park, PA 16802 | April 7, 2011 | 
MOHAMMAD ALHUSAINI |CONSTRUCTION MANAGEMENT | DR. DAVID RILEY | 

 
 

Systems Comparison 
Precast Panel     

Cost $25(-3)/SF Cost to install at jobsite   

Details Insulated    

Picks 10-12 Panels / Day 200 LF / Day 45 Min / Panel 

Size  12' X 8" X 30' Largest Piece   

Weight 20,000 lbs Largest Piece   

  95 pcf (TOTAL includes insulation)   

 43 psf (6” concrete + 
thinbrick) 

1.5 psf insulation required 

     

Brick Veneer     

Cost $22.5/SF Cost to Install at jobsite   

Details W/ Insulation    

Schedule Time North 28 Days   

 East & West 70 Days    

 TOTAL 98 Days   

Size 2 X 8 4" Depth   

Weight  138 pcf (TOTAL includes insulation)  

 40 psf (4" thick Brick) 6 psf insulation required  

 

 

Panel Sizes (8" thick) 
North Count  South Count  East Count  West Count 

12 x 30 2  12 x 15 4  3 x 24 4  4 x 24 2 

12 x 20 4  12 x 17 4  12 x 19 8  12 x 24 8 

3 x 24 8  8 x 24 2  9 x 24 2  3 x 24 2 

12 x 17 4  12 x 19 4  4 x 24 2  6 x 24 2 

6 x 24 2         12 x 16 1  7 x 16 1 

 Total Panels = 66 
  

       Total SF = 12,160 
Total CF = 8,106.67 (w/ insulation)     6,080 (w/o ins.) 
  

 

See APPENDIX E for visual representation of panels. 

Table 2-2: Systems Comparison 

Table 2-3: Panel Sizes 
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 Quantitative Comparison of two Façade 
Systems 

  

  Precast Panel     Brick Veneer     

Cost $25(-30)/SF * 
12,160 SF 

$304,000.00 (-
$363,000) 

    $22.5/SF * 13,360 SF $300,600.00   

Schedule 
time 

66 panels/10 panels 
per day 

7-20 days     Based on schedule 98 days  

Weight (86 pcf * 6,080 cf)+  
(9 pcf * 2,026.67 cf) 

541,120.03 lbs    (138 pcf * 4,453.33 cf) 614,559.54 lbs  

Lead 
times 

30 days per batch       Materials available almost immediately 
  

 

 

Diagram 2-1 shows the wall section of the existing wall. The blue arrow shows the section that will be 

replaced with the precast system, only. The backing is cold formed metal framing and it will NOT be 

changed. 

Table 2-4: Quantitative Comparison 

Diagram 2-1: Original Façade Section 
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Based on the information from tables 2-3 & 2-4 one can deduce which of the two systems will save more 

money and which will save more time. Although the precast panel system will cost slightly more than 

the brick veneer system, it is not a significant, at less 1.5% of the total cost. This considers the lower 

cost, which could rise up to $360K. Although a higher cost, it is still not a cumbersome cost to the 

project. Either way, there is an inescapable increase in cost for producing a pre-cast system that doesn’t 

compromise efficiency, as will be discussed in the mechanical breadth section. The cost that will be 

discussed is the lower cost, for ease of comparison. 

The information for cost (installed in state college and based on the Moore Building Addition’s shape 

and size), weights and lead times were obtained from Oldcastle precast systems’ office in Maryland. The 

schedule time, although misleadingly short, is based on the information also obtained from Oldcastle 

precast systems. The number used was 10 panels per day in order to account for possible delays on the 

construction site. This number may go up to 20 days based on site access, laydown areas and other 

factors. Nevertheless, 20 days is a much shorter duration than the original 98. 

For the weight of the precast panels, 6,080 cf was used for the 6” of thin brick and concrete, whereas 

the 2,026 cf was used to determine the weight of the insulation. Note: Assumed insulation sandwiched 

between concrete in precast panel is 2”. With this information, the total weights of both systems were 

determined and the change to a precast structure would not necessitate a redesign of the structural 

system due to its lower weight. The full brick system’s weight was calculated along with 4” insulation at 

6 psf. 

In terms of the square footage used for the cost only 12,160 SF was used for the total of the precast 

panels as there would be no need for a waste factor as it is almost identical to the actual square footage 

of the current system. For the brick veneer system a 10% waste factor was added bringing up the total 

square footage to 13,360, which is what the construction management firm had done as well. 

Schedule Effect 

The precast façade system will require at least 30 days before materials arrive. This means that there 

must be that much time before the masonry is scheduled. Otherwise, there might be inefficiency.  Based 

on the schedule, masonry is not set to begin until the 11th of January 2011. This means that there is 

plenty of time to have the precast panels ordered, fabricated and delivered to the site. With the precast 

panels being able to be installed only when the superstructure is complete, there might be a delay as to 

when the precast erection may begin. With the structure being complete on the 7th of February, almost 

30 days are lost, but despite this delay, the total reduction in schedule time is 67 days. 

Although hard to quantify, there may be a delay due to mobilization of cranes/equipment needed to 

carry out the erection of the precast façade. However, this is mentioned in order for one to understand 

that there may be additional time-consuming factors involved with the precast approach. 
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Structural Breadth 
In order to demonstrate the difference of having each of the systems as a façade in terms of the 

structural implications, a portion of the steel structure which carries brick the whole way through has 

been used to model the different loads, reactions and deflections caused by the weight of the façade 

systems.  

  

Figure 2-1b: Plan View of Selected Beams Figure 2-1a: Elevation View of Selected Columns 
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Shown in figure 2a is the elevation from the 2nd floor to the high roof where the beams and columns 

have been modeled in order to determine loads and deflections produced by the two façade systems. 

The reason these two columns were chosen is because the entire façade between the two columns is 

made up of brick. In figure 2b it can be seen that the columns modeled have one moment connection 

and one pin connection, which have also been taken into account when modeling the bays.  

Figure 2-2b: Elevation View of Modeled Columns and 

Beams Shear & Moment with Precast Facade 

Figure 2-2a: Elevation View of Modeled Columns and 

Beams Reactions with Precast Façade 
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Figure 2-3b: Elevation View of Modeled Columns and 

Beams Shear & Moment with Brick Facade 

Figure 2-3a: Elevation View of Modeled Columns and 

Beams Reactions with Brick Façade 
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Figures 3 & 4 show the reactions, shear and moment diagrams of both systems. Whilst the reactions are 

visibly different, in both figures 3a & 4a, the other two figures are diagrammatic representations of the 

values provided below. 

Beam Max .Deflection – x (in) Max. Deflection – y (in) Resultant Deflection (in) 

2 Precast HSS 0 -0.059 0.059 
3 Precast HSS 0 -0.055 0.055 
4 Precast HSS 0 -0.068 0.068 
5 Precast W 0 -0.032 0.032 

    
2 Brick HSS 0 -0.061 0.061 
3 Brick HSS 0 -0.057 0.057 
4 Brick HSS 0 -0.07 0.07 
5 Brick W 0 -0.034 0.034 

 

Table 2-5 shows the different maximum deflections of both systems, at different points in the system. 

This comparison can be used to determine whether or not the new system would be suitable for the 

current system of shelf angles that hold up the brick system. 

Note: The STAAD Pro model was modeled using a line load, and not separate loads due to the limited 

information available about the locations of the shelf angles. Also, there have been minimal factors 

added to the model due to its comparative nature. 

With the above information, one can deduce that there needn’t be any structural redesigns due to 

heavier loads and larger deflections, as the new system is lighter than the old system, despite having a 

larger mass of solid.  

See APPENDIX F for line load calculations and more details. 

  

Table 2-5: Deflections due Precast v Brick Facades 
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Mechanical Breadth 
The intent of this study is to determine which of the two facades would be a more efficient one 

considering the change in materials used and the difference in thickness of both facades.  

The first step was to determine the typical R values of the materials being used in the two facades, 

whilst using the same value for the same materials in order to be consistent, and prevent unfair 

advantages to the results of one of the systems over the other. 

R & U Values for Different Systems 

Material R Value/Inch Brick Façade Precast 
Façade 

 

Concrete 0.08 0.00 (0”) 0.40 (5”)  

Brick 0.11 0.44 (4”) 0.11 (1”)  

Air Film 1.00 (0.5” – 4”) 1.00 (2”) 0.00 (0”)  

Rigid 
Insulation 

4.00 8.00 (2”) 0.00 (0”)  

Polyurethane 
Insulation 

6.25 0.00 (0”) 12.50 
(2”) 

 

     

 Sum of R Values 9.44 13.01   

 U Value (1/R) 0.1059 0.0769 BTU/(ft2  

 

 

Variables Used 

ΔT 100 F - 75 F =  25 F 

Area of Brick  12,100 ft2 

Time 1 year = 8,736 hours 

 

Energy Through Façade Systems 

q = U * A * Δ T  
                                                             
Brick Façade q = 0.1059 * 12100SF * 25 F 32,044 BTU/h 279,900,000 BTU/year 
Precast Façade q = 0.0769 * 12100SF * 25 F 23,251 BTU/h 203,100,000 BTU/year 
   Difference 76,800,000 BTU/year 
    22,500 kWh/year 
$0.1026/kWh Commercial 2010 Data                               Cost Saving = 22,500*0.1026 = 2,310 $/year 

 

Table 2-6: R & U Values of Façade Materials 

Table 2-7: Variables Used 

Table 2-8: Energy through Façade Systems 
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Table 2-6 shows the R values per inch for four different materials, all of which are used in either one or 

both façade systems ("ColoradoENERGY"). Again, this does not include the cold-formed metal framing 

backing as that is considered a constant for both systems. This allows for the next step in the procedure, 

which is to determine the actual energy loss per year of heat through only the brick portions of the 

façade (table 2-7). Whilst this may not be the entire structure, the difference is quite significant as 

observed in table 2-8. There is a savings of just fewer than 8 Million BTUs per year, which translates into 

$2,310 a year of savings on the façade’s efficiency based on $0.1026 per kWh ("Electric Power 

Monthly"). 

While this may not seem like much, it is the cost associated only with the savings of the brick portion of 

the façade, and it goes to show that the precast system is even more efficient, thermally, than the brick 

system. Finally, the precast system is assumed to use polyurethane insulation, which allows it to become 

more efficient than the original system. With this knowledge, the lowest savings for the Moore Building 

Addition by changing the façade system would be $2,310 and in practice would save even more money 

due to its actual higher thermal efficiency.  

Insulation Types Used 

In order to prevent any confusion as to the differences in cost of the rigid insulation and the 

polyurethane insulation, there cost for polyurethane comes in at $1.25-2.50/SF for a typical type with a 

lower R value (RoofHelp.com). In contrast, higher end rigid foam insulation; with R values similar to 

those used in the calculations come in at a cost of $0.54-1.12/SF whilst these numbers are different, the 

increase in cost of using polyurethane would be as follows: 

  Rigid Insulation Polyurethane 

Cost Average $0.83 $1.88 

Cost * 12,100 SF $10,043.00 $22,687.50 

      

Savings/Year $2,310.00   

Investment $12,644.50   

Payback 5.47 Years 

 

Shown in table 2-9, one can deduce that increase in investment in the polyurethane insulation would be 

paid back within 6 years of operating the building, and this is a cost included in the original cost of the 

entire system, not an added cost.  

Table 2-9: Investment and Payback of Insulation 
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Constructability 
With the elimination of the majority of the time required for masonry installation, the benefits are 

immediately realized. During the time in which the superstructure is being built, there will be less clutter 

on site due to masonry activities, which also reduce a large amount of waste especially due to corner 

brick. Some HVAC rough-ins as well as pump installations, electrical rough-ins and other rough-ins will 

be able to occur a little more smoothly as there will be much more laydown areas for all of the 

equipment, and much less congestion on site. All these activities can be seen in figure 6, where many 

rough-ins are occurring all at once. 

 

Figure 2-4: Schedule Activities that Overlap during Masonry 

(New Schedule) 
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Figure 2-5: Schedule Activities that 

Overlap during Masonry 
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Figure 5 shows the new schedule and what it would look like if masonry occurred starting February 7 

2011 and showed a worst-case-scenario duration of 20 days. The activities that would occur during the 

same time are many similar activities, although the precast erection crew would be off site in a matter 

of less than three weeks. Both figures 5 & 6 highlight the activities that occur simultaneously with the 

masonry erection. 

Logistics 

The panels shown in table 2-3 are not estimates, but are actual sizes that would be used in order to 

fulfill an identical façade appearance in precast masonry instead of the current masonry option. Each 

panel has been sized appropriately for each side of the building. The panel sizes will be used to 

determine the number of truckloads that need to occur as well as maximum weights and sizes that can 

be loaded per semi-trailer. Note: all panel sizes are within limits of the manufacturer in Maryland. 

A typical semi-trailer size, for steel platform flatbeds is (45’, 48’ and) 53’ X 102” (8’-6”) wide and these 

dimensions will be used to determine the maximum number of panels, laid side-by-side that can be 

delivered in one trip with a maximum load capacity of 55,000lbs. Note: This is not to determine the cost 

of transportation as this has 

already been accounted for in the 

cost section. 

Assuming that each panel is 

delivered with a wood base with 3” 

on either side to prevent panels 

from colliding, the total amount of 

space per panel would be 14”. This 

would mean that 7 panels can be 

laid side-by-side safely, without a 

high risk of damage. Lengthwise, 

the total length that can be used 

per panel is 51’ for offset purposes 

and to keep the panels on the 

truck within a reasonable amount.  

Table 2-10 shows that 10 deliveries 

are required to deliver all panels, 

and in a fashion that allows each 

façade to begin at a certain time (i.e. does not disrupt coordination). The multiples are shown where the 

weights of a truckload exceed 55,000 lbs. and, hence, require two trips to fulfill the delivery.  

  Trailer Trailer Trailer Trailer Trailer 

Slot 1 (x2) 2 (x2) 3 (x3) 4 (x1) 5 (x2) 

1 12x30 6x24 12x19 9x24 12x24 

  12x20 12x17 3x24 9x24 12x24 

2 12x30 6x24 12x19 4x24 12x24 

  12x20 12x17 3x24 4x24 12x24 

3 3x24 12x17 3x24 4x24 12x24 

  12x20 12x17 3x24 4x24 12x24 

   12x15    

4 3x24 12x17 12x19 3x24 12x24 

  12x20 12x17 12x19 3x24 12x24 

   12x15    

5 3x24 12x15 12x19 6x24  

  3x24 12x17 12x19 6x24  

   12x19    

6 3x24 12x15 12x19 12x16  

  3x24 12x17 12x19 7x16  

   12x19    

7 3x24 8x24 12x19   

  3x24 8x24 12x19   

Table 2-10: Panels & Trucks 
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Figure 7 shows the preferred route from the highway to the site via Park Avenue. This roadway, as can 

be seen by the scale, is more than adequate for the entry of long semi-trailers.  

  

Figure 2-6: Truck Route to Site 
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Conclusions 

Architectural Implications 

In order to conclude this analysis one must consider the finished look of the building and whether a 

precast façade finish will suffice on the Moore Building Addition. With new innovations and techniques, 

the authentic masonry finish can be mimicked very well, and although this will cost a little bit more to 

achieve, it will still be done as a prefabricated process, which minimizes more than just waste, clutter 

and noise, but reduces risks with on-site injury. Besides the fact that the mortar in between the bricks 

may looks a little different since it is concrete in the precast façade’s case, the price may be justifiable, 

or even a small increase may be just as justifiable.  

Recommendations 

Besides the architectural discrepancy that may or may not be an issue, there is a clear “winner” in this 

analysis, and that is to produce pre-fabricated panels. This is not only true because of the schedule time 

that will be freed up, as well as no need for a structural design or even the fact that the new precast 

system would be more efficient thermally as well as almost identical in terms of cost, to the old system, 

but because for most categories including the efficiency, the structure and schedule time, the precast 

façade system was given worst-case-scenario figures in order to compare with an almost best-case-

scenario set of figures for the brick façade. This is especially true for the weights, yet the ultimate goal 

was to be able to compare the two fairly and relatively. In terms of the cost, the cost provided is the cost 

of fabricating the façade, delivering it and installing it all the way from Maryland. This is also a 

disadvantage to the precast façade as there are many closer prefabricators in the area which would 

offset the cost of transportation, again, proving that there is a great advantage to the precast façade. 

The most important point to consider is the ability to reduce the schedule time by at least two months, 

which has been an important part of the project. It would be very wise indeed to consider a precast 

façade system.   
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Analysis III: Structural Steel 
The structural steel on the Moore Building Addition was and still is the most important critical path item. 

This is due to the fact that the structural steel opens the doors for every other subcontractor to begin 

putting work in place. However, with the two failed attempts to have the structural steel delivered early, 

it is possible that more could have been done to ensure its early delivery.  

Proposed Solution 
Solving this problem may be in the hands of PSU; if OPP were to award a design-assist contract to the 

steel prime contractor, then they would be on board about the time that the CM agency is, allowing for 

a head-start on the design and implementation of the structural steel. 

Possible Drawbacks to Solution 
The biggest concerns with this approach to reduce schedule time are the risks involved with holding 

separate contracts and trying to coordinate more than one at the same time. Although it is a very doable 

concept, the increase in risk may prove to be costly, since the structural steel is the single most 

important critical path item on the project. 

Methodology 
 Research risk involved with owner-held contract to a subcontractor. 

 Determine importance of early completion and value in achieving early completion to the 

owner. 

 Research risk involved with design changes to contract after awarding steel contract. 

 Research time savings and expense of early fabrication as well as overall impact to schedule. 

 Determine risk involved with keeping contract with steel subcontractor in long term case. 

 Analyze all risks involved against owner’s value for early completion and determine if a separate 

contract would be feasible. 

Resources/Tools 
 Industry professionals 

 Applicable publications and articles – risk management 

 Steel fabrication company 

 Available schedule time and estimates for structural steel erection 
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Expected Outcome 
The outcome expected of this analysis would be that if OPP was to award a design-assist contract to the 

steel prime contractor, as they are well equipped to do so, this would save time and money on the 

construction of the Moore Building Addition. This is due to the steel arriving earlier on site allowing all 

other work to begin earlier, which, in turns allows the building to operate earlier which increases the 

business that it produces as part of its department.  

Performed Research and Analysis 

Organization 

The question of whether or not to hold a contract by the Office of Physical Plant or not in order to carry 

out the management of the structural steel is an important decision if the project’s structural steel is to 

be erected quicker. This is mainly due to the lead times, and the unavailability of the steel. In reality, if 

the structural steel was to go up faster, this could, in theory, allow the precast façade to go up even 

quicker than before, making the construction site more “relaxed.” 

Initially, the idea was to create a contract with OPP and the steel prime contractor, which would have 

looked as follows: 

 

 

Owner 
(PSU/OPP) 

OPP Project 
Manager 

Construction 
Management 

Firm 

All 
Subcontracors 

Steel Prime 
Contractor 

Figure 3-1: Hypothetical 

Organizational Chart 1 
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The main misconception with the organizational chart shown in figure 8, which will be referred to as 

“organization 1,” is that OPP currently holds a contract with the steel prime contractor (as well as all 

subcontracts) on the Moore Building Addition, but is managed by the Construction Management firm 

(CM Agency). This is because the Moore Building Addition is funded by the State of Pennsylvania 

(Bechtel). This requires the OPP to take care of the contracts from their end, and, although that is the 

case, there is a better potential solution (discussed later). 

The second proposition was that OPP hire a separate subcontractor, which is more in line with the way 

the project is actually set up. The main difference is that there is direct communication between the CM 

firm as well as the steel prime contractor. 

 

Since the case with the project is that the steel contract is held by an OPP PM the next question is to 

determine whether or not Organization 1 is viable as an option, since there would be cut costs and more 

direct communication between the steel prime contractor and the Project Manager from OPP. The idea 

here is that the project manager would coordinate with the CM firm, and essentially become the steel 

prime contractor, but have more responsibility than simply that; the project manager from OPP’s side 

would take care of finances involving the project, ensure communication between CM firm and OPP to 

ensure that the project is proceeding as expected. This, along with the role of ensuring that the steel 

prime contractor is performing all duties accordingly may be an overload of work for one person. There 

simply aren’t enough resources for such an organizational structure to be put into place from OPP’s side 

(Bechtel). 

Owner 
(PSU/OPP) 

OPP Project 
Manager 

Construction 
Management 

Firm 

All 
Subcontracors 

Steel Prime 
Contractor 

Figure 3-2: Hypothetical 

Organizational Chart 2 
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Design Assist (DA) 

The next option, as advised by industry experts, is a relatively more uncommon approach to the project 

organizational structure, which is called Design Assist. An organization chart is portrayed in figure 3-3. 

 

In essence, design assist is the awarding of a contract to the most compatible contractor, prior to design 

completion, in order for them to assist the architect or engineer of record for a certain project, by using 

a design professional of their own. This means that the contractor is “on-board” earlier than they would 

normally be. 

Primary goals for design-assist contracting are to improve quality and maintain cost of the project at 

hand (Hart 1-2). Its best suited construction management methods are design-build, design-bid-build 

and construction manager at risk where the owner and architect are in constant communication with 

the tradespeople and subcontractors. This allows the parties involved to create much more efficient 

designs, have much better trust for one another throughout the project lifecycle, as well as reduce 

schedule time due to changes, inefficiencies and bad habits.  

One of the main issues with today’s construction industry is not that it lacks innovation or that it is run 

by older, more primitive methods. The main issue is that with new technologies and innovations the 

main interceptors of these are tradespeople who are manufacturing and or installing the products. The 

inefficiencies are a result of less knowledgeable owners not knowing of these new methods etc. This 

leaves many owners at the hands of tradespeople who repeat unnecessary and outdated steps in their 

Owner 
(PSU/OPP) 

OPP Project 
Manager 

Construction 
Management 

Firm 

All 
Subcontracors 

Steel Prime 
Contractor (DA) 

Figure 3-3: Hypothetical Design-

Assist Organizational Chart 
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construction practices, as well as prevent themselves from assimilating with the new technologies. 

Whether the reason for these actions is pure habit or opportunistic and exploiting behavior, is another 

debate altogether. 

Design-assist construction management practices help to eliminate such efficiencies and streamline 

most processes in order to save time and money especially with increasingly complex projects. 

Design-Assist Process (Hart 1-2) 

Phase i. The owner, in this phase, must be very clear of the scope of work that is required of the 

project, along with a schedule time (rough) and finally a budget set forth. This must be 

coupled with the goals in mind for the design-assist part of the project (i.e. the entire 

project may not be design-assist). 

Phase ii. Phase two consists of the collaboration between the design-assist professional or 

design-assist contractor to help the architect research design goals and together write 

specifications for the building to be constructed. The owner pays a fee in order for the 

two parties to produce the documentation. The specifications will be ultimately used by 

the design-assist contractor, and, if they cannot meet the budget determined by the 

owner in phase one, the owner has the right to hire a different design-assist contractor 

who can. 

Phase iii. Finally, the contract must be adapted for the design-assist introduction, and a design-

assist professional is formally selected. If there are no design-assist contractors who can 

meet the schedule, budget and scope within a reasonable amount, the owner may 

choose to bid the project and utilize the documentation purchased in phase two. 

The selection of an appropriate design-assist contractor is almost identical to that of a normal contract 

in that there must be an RFP and RFQ issued to those the owner is interested in, except that the 

interviews or presentations may be a little more intricate and focus on more complex aspects of the 

projects than a typical contractor’s presentation. This is followed by a shortlist and finally a presentation 

for those shortlisted in order to have them demonstrate their abilities. 

The ultimate benefits of this type of contract are: 

By using the methods described above, the owner, architect, and contractor should be able to 

deliver a project on schedule, with fewer requests for information and fewer changes (Hart 1-2.) 

In contrast, design-assist is almost identical to design-build except that it is focused on one specific 

aspect or subcontract of the project. In other words, if only the steel structure needed early fabrication 

(as in the Moore Building Addition’s case), then instead of bidding the project as a design-build, or 

compromising the public nature of the funds provided to some of the project, a design-assist method 

can be applied to the project. This way, the rest of the project’s management and organization is left 
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untouched, but with the structural steel prime contractor being brought on board as early as the 

construction management firm (as they had been involved for an extended period of time), which would 

allow for, in theory, an early design to occur as well as early implementation. 

Direct Correlations to Steel (Proffer 1-4) 

In this next section, there will be examples of the benefits to a project’s structural steel aspects in 

introducing design-assist methods to that specific trade. The company in the titel is the former Havens 

Steel, bankrupt after a class-action lawsuit against deceptive financial management of stock ownership. 

In other words, their work was credible, but not their bosses! 

Case 1: Dakota Dome 

According to Havens Steel, this project’s success relied heavily on the ability to use design-assist. The 

project was to tear the existing roof that was an air supported fabric, into a conventional steel-

supported roof. This was to be done in a window of 4.5 months, which made this project a challenge. 

The most important part of the project was the schedule and with Havens Steel as structural engineers, 

a design assist method between all steel-related entities was put into play. This resulted in constant 

communication and a much more “team-oriented feel” rather than focus on individual opportunity. This 

sense of teamwork served the project very well, as the steel fabricator and the steel designer had 

figured out the cost of transportation of steel, fabrication, erection, and all relating durations in a very 

tight but realistic manner. 

The structural steel had originally been a much more time consuming set of 15’ deep trusses, but as 

schedule impact was crucial, this labor intensive design was to be rethought. Instead, the trusses’ size 

was reduced to 11’6” and shipped to site with little additional labor needed to install them, as they were 

able to fit on semi-trailer for transportation without violating height restrictions. These trusses were 

heavier in order to withstand the loads, but were pre-fabricated and required no site-modifications. This 

one change, which required collaboration of all parties concerned with the structural steel, meant the 

difference between a project completed on time and not; it was a success due to the ability for these 

parties to collaborate on the design, taking into account the cost of fabrication and delivery as part of 

the actual design. 

Case 2: Convention Center/Arena 

This, more design-assist-revolving- approach has an appealing quality to it that can be applied to the 

Moore Building Addition. This convention center started out as nine pages of conceptual designs and a 

GMP contract was put into place for its timely and on-budget completion. The most important part of 

this entire project is that the structural steel was design-assist based, and Havens Steel, a local steel 

fabricator, knew the “ins and outs” of the industry and could provide the project with real, achievable 

designs of steel. In other words, whereas a “foreign” or unfamiliar contractor may have been 

conservative with steel designs and what can or cannot be done, the addition of Havens Steel as part of 
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the design-assist process meant that they could contribute their expertise in the field and provide 

factual data of what they can or cannot do in terms of fabrication, transportation and erection. 

Combined efforts of the contractor and Havens Steel provided an advantage to the project in that small 

inefficiencies that would cost time and money are eliminated through streamlining the process and 

having the steel fabricator on board early. This not only helps produce a smarter design, but one where 

no party is left wondering why the other party had designed or produced certain members in an 

inconsistent way. For example, suppose that 14’ trusses were designed by the structural engineer only 

to find out later that these must be delivered in pieces whose heights did not exceed 12.5’ in order to be 

transported (height limits); these pieces would need to be put together on site, costing labor and time. 

However, if the same structural engineer had run his design through a fabricator, the fabricator would 

have instantly told him that trusses would need to be a little bit shorter in order to be transported to the 

site and be installed instantly without further modification.  

The ideas set forth above are what the intent of design-assist are; a collaborative approach to the 

construction process focusing heavily on critical path items, in order to reduce inefficiencies and create 

relationships with contractors who are competent and, through this practice, maximizing efficiencies 

and minimizing all waste. 

However, these cases cannot be quantified, as there is limited information about them especially since 

the entity involved is now dissolved.  

Relation to Moore 

For the Moore Building Addition, the proposed design-assist idea is a very appealing one. It allows all 

structural work to be performed early, allowing the most important critical path item, the structural 

steel (fabrication, delivery and erection) to be performed in a manner that reduces the overall schedule 

time.  

Assuming that all else was equal, there could not have been a design-assist contract put in place as soon 

as would be necessary to make a positive impact to the schedule. The benefits may have been to the 

cost of the steel contract as there would have been fewer changes to the design. Along with long steel 

lead times, this proposal would have hurt the project overall. But, the main reason design-assist would 

not have been very viable on the Moore Building Addition is because the funding was not available until 

mid-May 2010, which meant that a design-assist contract would have started late, essentially rendering 

it useless (Schrenk). 

However, if the “money-procurement-barrier” was overcome, design-assist would have accelerated the 

schedule, and although not quantifiable, it is clear that there would not only be a benefit to the 

schedule, but to the overall cost of the project (Schrenk). This actually makes design- assist for the steel 
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contract a much more realistic option. Note: Assume monetary issues resolved, and funding would be 

available 6 months in advance. 

Risks Involved 

Assuming that funding will NOT be an issue, there is a benefit to having a design-assist contract with the 

steel prime contractor, but this is not without risks. 

The first, most obvious risk is the risk that the steel design is not complete by the time a mill order must 

be placed. Although this risk would cost the project a delay in the form of one day extra per day late, 

this risk is exacerbated by the inability of trades to perform their work at their allotted times. 

Design-Assist Minimum Risk 

Contract Value $26,100,000.00   

Project Time 577 Days (from ground breaking to project complete) 

     

Project Cost/Day $/Day = 26.1M/577 $45,233.97 

 

As shown in table 3-1 it is clear that there is a sizeable cost to the project for delays. The value of the 

entire project was used in order to stay consistent with previous cost comparisons. Also, the duration, as 

stated, is from the ground breaking ceremony to the week just before handing over the building. During 

this week the building would be complete by all standards. Finally, the cost is a little bit conservative in 

order to refrain from always considering the best-case scenario and in order to prevent the owner from 

running into costs that they have not been familiarized with. In other words, a cost of $45K per day late, 

would not come as a surprise to the owner, should there be a delay. 

At $45K a day, it is easy to rack up expenses, and the reason this cost/delay is conservative is also 

because there are many other factors that are hard to consider. These factors may include, but in no 

way are limited to the following: 

 Laborers on available for short intervals needing to leave for other contractual obligations 

 Equipment rental overlaps with other clients’ needs and, therefore, loss of rental money and 

usefulness of equipment 

 Material laydown area complications due to lateness of some items that would have already 

been used and put in place had they not arrived late 

These are a few of the factors that can prove disastrous, but are accounted for qualitatively in order to 

be prepared for the risk. Additionally, the risks would not be so tragic with small delays of a few days, 

and the project can recuperate, but essentially, there is a risk with delay on this project, as with any. 

Table 3-1: Design-Assist Minimum Risk 
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Survey Results 
As can be deduced by the qualitative information provided, it is hard to come by figures to help 

determine the savings in terms of cost and schedule that may be achievable on this project. So, it was 

necessary to create and send out a survey to some industry professionals in order to achieve a more 

realistic determination of the savings involved with this approach. 

The professionals contacted all had very similar views on the topic, which would allow one to be able to 

make solid judgments on the benefits of a design-assist contract held with the steel subcontractor.  
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8. Would you choose to use design-assit on a similar project of your own? 
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9. Design-assist; your opinion on these aspects in terms of applicability. (i.e. in design 
development "Average" means no benefit during this phase for DA) 
 

 Worst Bad Average/Indifferent Good Excellent N/A 

Conceptual/Planning 
Phase 

8.7% 
(2) 

0.0% (0) 13.0% (3) 60.9% 
(14) 

8.7% (2) 8.7% 
(2) 

Schematic Design 
Phase 

0.0% 
(0) 

8.7% (2) 4.3% (1) 65.2% 
(15) 

13.0% 
(3) 

8.7% 
(2) 

Design Development 
Phase 

0.0% 
(0) 

0.0% (0) 4.3% (1) 56.5% 
(13) 

30.4% 
(7) 

8.7% 
(2) 

Construction 
Documents Phase 

0.0% 
(0) 

4.3% (1) 8.7% (2) 47.8% 
(11) 

26.1% 
(6) 

13.0% 
(3) 

Constructability 0.0% 
(0) 

0.0% (0) 8.7% (2) 43.5% 
(10) 

39.1% 
(9) 

8.7% 
(2) 

Change Order 
Prevention 

0.0% 
(0) 

0.0% (0) 13.0% (3) 60.9% 
(14) 

17.4% 
(4) 

8.7% 
(2) 

 

From the results one can assume that there is a great general pull towards using design-assist on a 

project that is in a situation like the Moore Building Addition. An average number will be used to 

quantify the results, by multiplying each response with the percentage of professionals that had agreed 

with it. For example, for question 3, the formula would be: 

(0.6538*10)+(0.0769*30)+(0.0769*50)+(0.0385*70)=15.385% 

Results Averaged 
Question Average 
3. How much more (or less) effective is a design-assist contract (generally) in terms of 
schedule reduction than a typical contract? 

15.385% 

4. How much more (or less) effective is a design-assist contract for structural steel in 
terms of schedule reduction than a typical contract? 

15.769% 

5. How much more (or less) effective is a design-assist contract (generally) in terms of 
cost reduction than a typical contract? 

10.388% 

6. How much more (or less) effective is a design-assist contract for structural steel in 
terms of cost reduction than a typical contract? 

8.462% 

7. How would you quantify the risk involved with taking on a design-assist contract as 
opposed to holding a typical contract with a steel subcontractor, as a percentage of 
the contract value? 

13.88% 

 Table 3-2: Results Averaged 
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The results shown in table 3-2 can be further  

Final Analysis 
Item % Average 

increase/decrease 
Original Quantity Increase/(Savings) 

Schedule Impact 15.769% 71 Days (from design to delivery of 
structural steel) 

(12 work days) 

    
Cost Impact 8.462% $1.28M (structural steel only) ($108,162.03) 
    
Risk Involved 13.88% $26.1M ($3.62M) 

 

As shown in table 3-3 the savings are clear using conservative numbers. This is because each number 

interval has a twenty percent interval, and only the midpoint was considered for each. And, although 

this sounds like a bad design for a survey, the maximum was reached that the survey allowed. 

Also, as can be shown in table 3-2, the design-assist contract type was very suitable in all phases of 

construction, with many professionals accepting its use and its benefits. 

Professional Opinions 

Some of the survey results were in the form of text, and so, some of the recommendations have been 

considered; first many thought it to be necessary to have buy-in by the owner for a successful project. 

This is because the owner must be organized and determined when it comes to a different contract 

type, and the owner’s response is crucial. This is mainly because the design-assist contract is one that 

must be established very early, and being only marginally late defeats the purpose, so finding a 

subcontractor to hire in the beginning stages is necessary and will take owner input. 

There is also speculation that there is a sort-of “exponential” effect to allowing the design-time 

reduction (as calculated) to be only a small amount of the schedule savings in the long run. Although 

mentioned several times, the effect cannot be measured.  

The reduction in cost also seems not to be directed towards a decrease in steel contract but mostly by 

the reduction in change orders, and changes to design that may become costly. This is because the steel 

would have lots of time to be “perfected” or come close to a final design very early. There would be 

collaboration by the fabricator and erector as well to aid in the design, which would be the reason why 

this is possible. Also, another very highly contributing factor to savings would be the ability to design 

connections in advance, allowing savings to be realized in that sense. 

Table 3-3: Results Averaged 
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Another interesting point brought up by one of the participating professionals is that the purchase of 

steel earlier would allow its price to be constant (like buying a stock!), which would offset its future cost 

and allow savings in that sense as well. This is a very interesting point that is rarely raised. 

Finally, the most important aspect is to select “trustworthy” or credible contractors in order to make 

sure that the project goes as smooth as possible. Selecting based on low prices, for example, would 

probably lead to much less desired results. 

Conclusion & Recommendation 
To conclude, the final impact that would be seen from the use of a design-assist contract with the steel 

fabricator, are notable. There is a risk involved with the entire operation, and that risk had been 

quantified as part of the entire project’s value. This means that the failure of the design-assist to meet 

the time required of the original design would probably end up costing the project a significant amount.  

All of the quantities used in the final portion were based on consensus rather than take the most voted-

for value, just to add or remove a necessary amount based on the input of the industry professionals.  

Moreover, there are many points that point to a design-assist contract with the steel fabricator, all in 

order to reduce the schedule time of the main critical path item of the project and allow the project to 

finish early, even if only by roughly two weeks. 

With the funding being the only factor involved with the inability to hire a design-assist contractor for 

the structural steel, the final recommendation would be to – should time reverse itself and OPP found 

themselves in the past – pursue this contract type. The barrier is one that can be easily overcome in the 

realms of OPP as funding is available from many sources at any given time, and for a project that is 

already under-budget, even the losses could cover the risk or borrowing from a different entity. 

The whole idea of introducing design-assist is to be able to complete the structural steel earlier than it 

would be now. The exact time that it will save cannot be solid, but based on the consensus of those who 

answered the survey, there will be at least twelve days of schedule reduction. Simply said, there is a 

stronger opinion that points towards there being benefits than not. There have been those who have 

seen losses in schedule time due to a design-assist contract, although most design-assist contracts were 

performed for the mechanical or electrical portions of the building. Very few professionals had direct 

experience with structural steel DA contracts. And, although the results are not entirely based on the 

survey results, the survey results do complete the picture, in a sense that they affirm what had been 

discussed earlier in the report. 
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Analysis IV: BIM through AE (Critical Industry Issue) 
The Office of Physical Plant has been expanding its use of BIM by recently writing guidelines, contract 

language and leading the way in terms of the implementation of BIM. However, they need lots of help 

to generate models of all the buildings on campus and utilize them for all sorts of BIM applications. 

Proposed Solution 
As has been requested before, the OPP would like, through the AE department at Penn State, to utilize 

some of the classes in the AE course in order to produce BIM models for some existing buildings. The 

collaboration of the two entities would not only be beneficial to the OPP but also to the students 

partaking in the classes. 

Possible Drawbacks to Solution 
Some of the drawbacks may be rooted in the inexperience of the students in creating models at some of 

the earlier stages of their college life. This may emanate through models with insufficient detail, and lack 

of other details as well as the possibility that some of the more “slacking students” produce completely 

inadequate models. 

Methodology 
 Research requirements of a model by OPP’s standards, and what is useful and what isn’t. 

 Research which classes may be available to take on BIM model producing and the experience of 

students required in order to ensure decent models are produced. 

 Conduct interviews to understand the typical problems with this approach and where there 

would be lost time and money. 

 Determine which level students are better suited to produce what type of models; architectural 

vs trades. 

 Research the amount of money that would come into the department due to this collaboration 

and how  this would affect the AE program as well as possible incentives for very knowledgeable 

and experienced students to get paid in order to privately create models. 

Resources/Tools 
 Professor Paul Bowers PSU 

 Dr. Ed Gannon OPP/PSU 

 Dr. David Riley PSU 

 Mr. John Bechtel OPP 

 Colleen Kasprzack OPP/PSU 

 Other PSU and OPP BIM professionals involved 
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Expected Outcome 
The expected outcome is that there is a very realistic and possible method to intertwine some of the 

classes at PSU AE with the production of models that can be used to benefit the OPP and university as 

well as the students through real BIM exposure. 

Performed Research and Analysis 
The most important part of this analysis was getting information from all parties involved or those that 

would potentially be involved with such a project. This would include people from OPP’s side as well as 

people from the Architectural Engineering Department, and those involved with the process, the 

implementation as well as those involved with the finances and revenues generated from the process 

itself. 

Office of Physical Plant 
The first step was to determine what the “client” wants. This means asking questions and later using 

that information to create a concept that will suit both parties. This required the input of OPP personnel 

in order to fully understand what is expected of the AE department. 

The Office of Physical Plant are currently creating and developing a Building Information Modeling (BIM) 

master plan, or a guide, that will help keep all BIM related activities and processes equivalent, to a 

certain extent, and allow all projects that originate from within the university to hold many key 

components common. Covered topics may include, but are not limited to, the software used to model 

buildings, certain information inputs and how exactly to analyze the data.  

Trial and Error 

As of recently, there had been a trial (by OPP) to produce BIM models through the PSU-AE department 

in order for OPP to utilize them for their purposes (discussed later). Some of these models met all 

quality control expectations and were geographically accurate in that they represented, to a certain 

degree, the actual buildings’ *being modeled] component locations. These include columns, windows, 

mechanical equipment and such. 

The other side of this equation consisted of some almost useless models, which meant that nothing was 

gained nor lost. And, in between were models that could, through minor work, be useable. Small issues 

like floating doors and inconsistencies with other “objects” in software like Autodesk Revit were not 

uncommon. This is mainly due to the relative inexperience of the students who modeled the buildings, 

and these students were primarily “2nd year” AE students who have either never used or had little 

experience with Autodesk Revit.  
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The Students and the Class 

Before understanding the requirements and all the details involved, the students must be examined; 

this means understanding their capabilities and incentive to work. In this case it also means using 

resources wisely as well as having a bit of luck. 

Students who are working through AE all go through several classes in a universal fashion, and one of 

the main classes in focus is AE222. This is an introductory class taught by professor Paul Bowers, and 

allows students to experience 3D modeling as it relates to the construction industry. Usually, students in 

this stage have no intention of backing out of the program but some do. So, most students are already 

convinced of their major and knowing the “higher” standards required of students in order to enter the 

major, most will be more committed to their classes and their performance; this is key. 

The students are, by the time they reach 2nd year, a little overwhelmed by their workload, and are 

probably going to need incentive in order to create models that will benefit both themselves and can be 

used by OPP. This means that a set of standards must be clear to these students in order for them to be 

able to perform. This would prevent confusion. 

What is OPP Looking For? 

The Office of Physical Plant is looking for useable models. This does not mean that they expect a model 

that has been created by a professional, but a model that can be altered slightly, or not at all, and be 

used for their purposes. These models would need to be evaluated by OPP staff and verified with typical 

landmarks in order to ensure relative compatibility with the existing buildings. 

Although the trial and error has not been a resounding success in the past with this approach, it is still a 

very viable option as it is now clear that a plan must be put in place before setting off to do this type of 

collaboration.  

The types of things that the OPP are interested in are, among the modeling of existing buildings, 

modeling renovations. This requires renovations block plans, which can be provided by OPP. The same 

goes for existing structures whose block plans are all available. In total there are a little over 425 

projects that need to be modeled, and although some may take much shorter time than others, they 

need to be done. 

In order for these models to be modeled, there must be guidelines and standards that are required in 

order to deem a specific model useable, or not. This is crucial to the success of the project, as without 

guidelines, nothing can be quantified in a reasonable manner; it would be one guess against another in 

determining if a model would or would not meet criteria. In fact, having gone through a trial period, the 

issues involved with the trials would best be used as a guideline for making a guideline! For example, the 

knowledge that floating objects does not render a model useless is a good tool to help evaluate a model 
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that suffers from floating objects in several locations. However, it may be extremely important the 2D 

drawings be very accurate, whilst the 3D is an added benefit and a learning tool (explained later). 

Value 

The next question to be addressed is the value of a model. How one evaluates this is very important, as 

there is more than one answer. 

Typically, a 3D model can cost anywhere from $20K to $40K for an architect to produce, but with an 

influx of information that must be input into a BIM model, the cost can rise to as much as $100K 

(Bechtel). Simply put, a 3D model is simply that: a 3D model of a building that shows structure, 

enclosure, M.E.P. and possible textures. However, a BIM Model is much vaster, and includes information 

on, mostly, the mechanical, electrical and plumbing equipment. The idea is to be able to point and click 

at any object and retrieve all relevant data of it, including its manufacturing facility to its specifications. 

This eliminates the need for separate data sheets and submittal forms and centralizes all information 

into one, albeit large, model file.  

In summary, a typical model could be assumed to be worth $30K, for a normal sized building, and 

although this is a generalization, this is what will be used as a value for a model with no information tied 

to it. A typical model, with information tied to it would cost a total of $70K (assumed as well). This will 

be used to quantify results. 

The Ultimate Goal 

In order to fully understand the OPP side of the deal, one must be extremely clear on the intent of the 

project. For OPP, the ultimate goal is to be able to use the BIM models for maintenance, facility 

management, and enterprise management system, preventative maintenance, ordering items and 

equipment and all categories that fall under the aforementioned (Gannon).  

Preventative Maintenance and Maintenance 

This is the consistent and constant caring for and maintaining of equipment to make sure that 

equipment is operating within acceptable standards, in order to prevent incipient failures or to prevent 

major issues or defects from occurring. A BIM model can streamline this process by providing 

information in one centralized location, allowing for ease of access. Finally, digital checklists can be 

integrated into this process similar to how commissioning would work, and allow for instant information 

retrieval and submission. In other words, management does not have to dig for anything. 

Facility Management and Enterprise Management System 

Also known as asset management systems, the current form is Maximo in OPP, and is already used to 

streamline the work-orders and such with maintenance. It is a system designed for OPP’s needs but is 

not proprietary. The way that these systems would be further developed in the presence of full BIM 
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models is not by simply replacing them, but by actually integrating the entire system; again, a 

centralized model that holds all/most information.  

The recent developments in this portion of the BIM development phase at OPP includes a collaboration 

between OPP and a hardware/software developer to combine the asset management software 

(maximo) with the BIM models for total information centralization. 

Added Benefits 

Some of the added benefits that could be used but would not be deal-breakers include an integrated 

B.A.S. (Building Automation System), space management and operational management. Operational 

management means things like figuring out how long it takes to clean, for example, a typical room. This 

would, in theory, be able to create a very information-wealthy model, whose aim is not to overwhelm, 

but to make sure all required information is available at any one given time. Cloud computing would 

become a more viable option in the future, but for now, these are the main added benefits. 

OPP Guidelines 

For the AE department to know what is acceptable or not with these models, there must be a set of 

rough guidelines to help clarify all the dos and don’ts. The first thing to be known is that the models do 

not need to be 100% exact to the last detail. In fact, that is not what is being pursued out of this project. 

In order for a model to be useable, it must be representative of the spaces allotted (i.e. a 100SF room 

should be about 100SF ±1SF). The spaces should have the ability to, in plan-view, look very similar to the 

actual drawings, which could be provided by OPP.  

With a 3D model that looks quite similar to the drawings provided by OPP, the model instantly becomes 

useable. Walls, doors, and windows should be accounted for but specific materials do not need to be 

input into the model, as that can be fixed by appropriate personnel.  

Since a push for a much more elaborate mechanical plan is desired, the best situation would be 80-90% 

accurately model. Also, with quality control being an issue for the modeling process, there would need 

to be some type of qualitative approach to determining the usability of the modeled ductwork, electrical 

work, etc. of the models.  

In summary, OPP would like models to come out of the AE department, but they are not very picky 

about every last detail. In fact, they are more focused on getting what is offered, but would like there to 

be a little more added if it both benefits OPP and the student, as ultimately, the students’ main priority 

is learning, so if nothing is to be learned, this whole idea is instantly wasteful! 

Penn State AE Faculty 
The second entity in this operation is the faculty of the AE Department. In particular those whose classes 

would provide the bridge required to produce the models. Their willingness to participate and their 
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knowledge and vision of what a class is and should be teaching is what will determine the next set of 

guidelines to aid in the design of a suitable course in which both parties will benefit from, with 

absolutely no cost to the student, as their education is prime in the AE department. 

Another Side to the Story 

Previously mentioned, there was a trial done in the past in order to help create models for OPP through 

Professor Paul Bower’s AE222 class. In the eyes of Mr. Bowers, this was a fairly successful trial with 

some students performing below average (as OPP saw) and some exceeding expectations. Models like 

that of IST were created and were up to standard. They included structural as well as other building 

components and the building representation was fairly accurate. However, that was one year ago in the 

spring of 2010, and the AE222 class has shifted back to looking for house models to do from the 

internet.  

Bang for Your Buck 

Most important to the AE department is to provide the students with a learning environment that is 

suitable and promotes their learning. Whether they benefitted OPP by creating models that 

accomplished the goal of promoting learning was an added benefit. However, it was not foreseen that 

creating the models would cost the AE department. In fact, that was counter-productive. There was a 

roadblock that stopped the project dead in its tracks, which was a cost of $1/Sheet for the drawings of 

the buildings that would be modeled, and this was simply not feasible for the AE department (Bowers).  

In summary, assuming 5 groups worked on the drawings of different buildings, and each building 

consisted of 500 sheets, that would come to a grand total of $2,500 per semester and $5K per year to 

create these models. This was simply not appealing and made no sense whatsoever, especially since the 

final product was going to the OPP, who was purportedly going to pay for these models.  

To say the least, it was probably lack of communication, lack of guidelines, and lack of a formal 

agreement that resulted in this, as it seemed to the observer that neither of the parties fully understood 

what the other party wanted. 

Guidelines for Developing this Project 

For AE222, Professor Bowers has a clear idea in his head of how it is to progress and develop. Some of 

the things he wants for his students are universal, regardless of the modeling abilities of the students. 

They are as follows: 

 Every student that partakes in AE222 should have an equal learning opportunity in learning 

(i.e., every student should be exposed to the same exact material and not have each student 

performing a single task in order to be brought together as one final product) 
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 Tedious tasks like modeling fittings and couplings are not beneficial from a learning 

standpoint, and do not promote learning, but waste time 

 Students cannot be made to keep re-doing models until they are up to OPP standards, but 

they are expected to perform at a certain level (at C grade or above). 

Some of the concerns with this approach is that some students, when matched up together, may 

produce exceptional drawings, but the class’s focus is not simply that. Ideally, the class should support 5 

groups of 5, all with their own project being done and coordinating amongst themselves so that each 

student gets an opportunity to experience all levels of the modeling process, from lighting, mechanical, 

structural, enclosures and electrical and lighting. This is a tall order and requires a well-designed 

approach in order to be fulfilled. A key stressing point is that tedious work is not beneficial to the 

students and is not the goal of AE222.  

Finally, it was brought forth that new forms of integration have been in the works, and this may be the 

missing link; using full building drawings. The new form of integration was performed in the recent 300 

level classes, as a way to allow students to learn the integration process side-by-side with all the classes 

in the same semester (minus structural class). The benefit is that from class-to-class the students can 

relate all building processes. This has value to the OPP/AE dilemma!  

Putting the Information Together 
In an effort to determine the best route for both parties to go so that they both see a benefit is to find 

requirements by both, and determine which ones can and cannot be fulfilled. 

Rating Scale 
OPP Wants Minimum AE Can Provide    

3D Model 4+ 3+    

Structural 3+ 2+    

Enclosure 3+ 3+  Scale 

Mechanical 4+ 2+  0 No Model 

Lighting 3+ 2+  1 Model Needs Most Work 

Electrical 4+ 2+  2 Model Needs A lot of Work 

Plumbing 4+ 2+  3 Model Needs Some Work 

Fittings 1+ 0-1  4 Model Needs Little Work 

Details 1+ 0-1  5 Model is Perfect 

 

Table 4-1 shows the relation of what is desired from OPP and what the AE department can realistically 

provide.  Fittings and details are rated at 0-1 because they are a tedious item for students to model and 

Table 4-1: Rating Scale 
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represent little-to-no value from an educational standpoint. Plumbing, mechanical and lighting are the 

greatest focus of the OPP and if anything, they would want these to be modeled as best as possible.  

The First Idea 

In the end, those at OPP need to obtain 3D models should they arrive from a professional’s office or the 

students at PSU AE. And whilst doing this work in class during learning is a great idea, modeling small 

things and being repetitive with them (like fittings, nuts, bolts etc) may defeat the learning goal of this. 

So, as a suggestion, it would make most sense to have a secondary modeling entity that would do all the 

tedious modeling, once the students have modeled the main part of the building. 

The first idea was to have 2nd year AE students model all components of the building and then have the 

4th year students perform more detailed parts of their work on the building. These may include things 

like lighting, mechanical and electrical being refined by 4th year students. So, although the model will still 

not be perfect, it would become much more useable; all major equipment would have a space and 

designated model to represent them, minus small fittings and, essentially, the nails on the board! 

However, this idea is not as easy as it seems. A lot of the work now is removed from the original scope 

and there is a great amount of work that is generally not required in those classes, but may still be 

beneficial, like inputting information for certain equipment.  

A Refined Approach 

The first idea is a bit more general to allow one to start thinking “outside the box.” This, however, is not 

sufficient. A plan must be put into place, and one that can be adapted for real use within the two 

entities.  

Classes 

The 2nd year class always spoken about is AE222, whilst the 4th year class is AE444. Both of these classes 

are taught by Paul Bowers, and are the greatest learning tool for modeling besides 4th year studio, which 

is reserved for creative thinking. So, that class would be best left to the architecture department to use 

to enhance the innovative thinking of the AE student. Given models to model in a class such as 4th year 

studio would defeat the entire purpose of the whole project.  

Shortcomings 

In AE222, the first proposal would have been to have 5 groups each focused on one portion of the 

building. So, for example, group A would consist of 5 students creating an electrical model, whilst group 

B would start producing the mechanical and so on, until all groups would gather in a fashion similar to 

that of a BIM coordination meeting, and bring all the parts of the project together. This seems very 

idealistic, especially if you assume that each group is made up of students willing to pursue that option 

that they are modeling for. However, this overly-simplified idea has its flaws; first of all, you cannot 
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determine what each student wants to do especially during the 2nd year. Secondly, every group of 

students learns a completely different thing. They are not all exposed to the same material and this is 

simply not what the AE department wants.  

The second approach would be the exact same idea, except divided into groups of 5, where each 

member models one portion of the building, all to be brought together by the same group. This, 

although done previously (speaking from experience), exposes the students to each other’s models in 

order to coordinate between one another. At that level in college, very few students would completely 

retain the knowledge required to benefit from all the different types of modeling. This means that 

although the two previous approaches are not ideal, they are quite useful. 

Dual-Benefit Option 1: A Simple Approach 

The first option, which is much more focused on a quicker production of a model, is the approach that 

students in AE222 are grouped into groups of 5, as usual, and each group is responsible for a system of 

each floor. The main idea is that there must first be 5 floors to the building, or a building would need to 

be split up into portions that would need to be placed back together into one final model. The main idea 

is that, for example, group A perform the mechanical, lighting and electrical, structural and enclosure for 

the first floor and the rest of the groups do the same for their allotted floor or even their section. This 

would be brought together to form an entire model in the final stages of the project. 

NOTE: Dual-Benefit refers to approach based on a direct communication between OPP and the AE 

department, and not the student directly. Do not confuse with Internship approach. 

Challenges 

The main challenges would be how to distribute the building, especially since some floors might be less 

demanding than others. Also, to coordinate with students that have very limited knowledge of the 

subject may be a challenge. 

Benefits 

The main benefits of this approach are that the entire project is contained in one class, and the models 

can be produced on a semester basis, whilst also exposing every student to all options of modeling and 

allowing them to figure out on their own what they like more or less. 

Dual-Benefit Option 2: Dealing with Details 

The second option is what may be called a fully integrated approach. It is based on the idea that the 

model-producing can stretch into 3rd year and even 4th year. This would be achieved by allowing the 

same students in AE222 to create models similar to those created in option 1, but with much less time 

devoted to simply creating models, and more time focused on the rest of the class. This means that 
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although each floor is created, to a certain extent, with all the components, there is no need to put it all 

together… yet.  

With BIM becoming a much bigger industry focus, proper exposure is key to differentiating students. 

The way this can be done, in order to have students that have simply seen and done all portions of the 

BIM process at one point or another, is by attempting to take all classes that require students to model 

new structures (e.g. AE311 modeling rooms for lighting purposes, AE309 modeling an acoustical room) 

and using the time to do that, to instead model portions related to the class. So, let’s assume that 

building A has all 5 floors modeled but they are all separate. These would be logical events to occur: 

1. The model would be further enhanced by adding lighting fixtures in AE311 and performing the 

rest of the class accordingly. In the second portion of AE311, electrical equipment can be added 

and analyzed with some data input where necessary. 

2. The model would be further enhanced for inputting mechanical equipment data for at least a 

few of the mechanical equipment in AE310 

3. The model would be tested for reverberation times and such in AE309, and allow the students 

to optimize the rooms (which could become an added benefit!) 

4. The model would be then put together in coordinated BIM-meeting-setting in AE372. This would 

be the coordination of all trades to find clashes, fix them and learn the process first-hand! 

5. Finally, since now AE308 is in the spring for most students, the members can be analyzed for 

deflection etc. when modeling in STAAD as opposed to modeling arbitrary buildings. 

6. If time is not an issue, AE444 can be used to turn these buildings into movie subject, and allow 

for decent renders to occur, as well as placing them geographically on a central map. Also items 

like textures can be added to some portions like the facades, in order to complete the package. 

The idea is simple, but it focuses on as much exposure as possible whilst preventing the focus of the 

classes from being all on the BIM portion. It allows portions to be done in each class, but in a relative 

manner.  

Challenges 

One major challenge here is that buildings must be carefully selected in order to be beneficial. Also, 

buildings with very sophisticated systems may be tough to model and will fall through in these classes. 

What this entails is that a selected building must meet certain criteria in order for it to be useful to the 

students. Although just an assumption, this may drop the available projects that can be done from the 

total of 400+ to less than 50. Also, coordinating the models’ progression through two entire years may 

be a tough process, and one that requires extensive management. 

There may be “anomalies” with students who arrive in the spring and try and catch up, which may 

expose them to a mix of classes where they may have to sacrifice the singular process of seeing a model 
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from beginning to end, although this would not be too much of a sacrifice. The reason this is a challenge 

is that there is a very important value to seeing the project’s entire life cycle from beginning to end. It 

would definitely take away from the learning experience to jump from project to project, but the “harm” 

would be minimal considering that assimilating into a new group would not be a tough part and can be 

accommodated.   

BPY (Buildings per Year) 

The amount of buildings that can be produced each year, or cycle of three years, is debatable. This first 

item to consider is that no two buildings are equal, and whilst there may be two 5-story buildings, one 

might require very little modeling effort due to repetitiveness and size, whilst the other may take a 

much longer time. In order to make the process more efficient, a SF requirement would need to be 

made in order to determine, based year to year, how many groups are needed to perform the modeling 

process without interfering with their workloads in a detrimental manner, as the goal is not to overload 

the students; this is not their job.  

It is very difficult for one to simply assume what would be a necessary building size, and the only true 

measure would be through trial and error. However, since a building as large as the IST building was 

produced by the last class to take this project, the threshold is large. Also, a larger project may require 

an entire class to participate in the “floor-to-floor idea” (the idea that each group takes on a system on 

each floor, allowing every student exposure to all the systems), while a set of smaller projects (for 

example 5 small buildings) can be appropriately divided to allow each student the same exposure to all 

systems by alternating between each system on an individual level as opposed to groups created from 

an entire class. These are the two extremes. Typically, the goal will be to achieve a consistent SF for the 

entire class. 

Liquidity 

Returning to the assumption that the amount of projects that are usable would fall from 400+ to only 

50, and assuming that every three years, five projects would be produced, that gives the entire project 

an estimated life of thirty years. Whilst this may sound very limited there are more assumptions to be 

made; assuming that each three year model would be up to a very high standard (3D model, with most 

systems including some data inputs into the models), there may be upwards of $60K allocated for each 

model. In other words, every three years the PSU AE department would earn $300K, or close to $100K 

every single year. 

The returns would not be seen until the third year, after which each following year would produce an 

income for the department. Undoubtedly, each project would be evaluated differently, and whilst the 

proposed earnings above may seem good, they are in fact optimistic. However, that is not to say that 

they are unrealistic, as they do hold great value to OPP and their ultimate goal as part of a larger system 

and the savings they would ultimately generate are probably a large factor in OPP’s investment in them. 
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Monetary Challenges 

Models produced can be assumed to have an average value of $60K±10K. The margin is large, but it is 

important to realize that the money generated cannot be considered a constant. This is especially true 

when investing the money into something constant such as hiring a new staff-member. It is instantly 

appealing, but the large risk involved with this volatile project puts such investments at risk, especially if 

the project does not deliver; there is always a risk involved.  

The reason why every year, as certain SF should be targeted is to keep the income more of a constant, 

and allow the project to be very systematic and allow all errors to be ironed out throughout the 

project’s life. For example, if the SF target was 250,000SF, the buildings may come in sizes of five 

50,000SF buildings, one 250,000SF building (not many of those!) or any combination that comes within a 

reasonable range of the target. That would allow the above argument that each model come in at $60K 

to be somewhat invalidated, and may be the reason to start a cost/SF for modeling.  

Process and Design 
This section will cover a possible course design, by attempting to simplify all data presented above, with 

some more information that can be deemed useful. 

AE222 

This class, instructed by Paul Bowers is the primary candidate for the models and the syllabus has been 

examined in order to determine what would be consistent with the material that it intends to teach and 

what may not be. From the syllabus, this is what is required in terms of 3D modeling: 

“Create the following, utilizing the latest version of Revit and AutoCAD in accordance to the National 

CAD Standards:” 

Requirements Relates to OPP Models? (Yes/No/Possibly) 

a. BIM Model Y 
b. Floor Plans Y 
c. Elevations Y 
d. Exterior Wall Section P 
e. Building Sections P 
f. Floor Plan/s with Lighting, Electrical, HVAC, Plumbing Y 

g. Reflected Ceiling Plan Y 
h. Title Block P 
i. Roof Plan Y 
j. Foundation Plan Y 
k. Structural Plan Y 
l. Site Plan (Parking, Landscape, Zoning) Y 
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m. Stairs Y 
n. Details Y 
o. Schedules (Room, Door, Window, Lintel, etc.) Y 

 

The course clearly covers a lot of what is being asked for by OPP and it would only make sense to 

incorporate the two for the benefits that both parties will receive. 

A direct inclusion of the topics that are required in AE222 is not established in the 300 level courses, but 

the design will cover the basic requirements. 

Process Method 

 

The process outlined in figure 10 shows a simplified method of starting at zero and ending with a 

product. Its idea is based on a model that can be expanded at each stage in order to make each stage 

more efficient. This can then be further improved to remove or even replace stages to realize the 

process’ full potential.  

Trial and Error 

This process requires trial and error in order to become a feasible, sustainable and beneficial project. 

Every process must undergo analysis in order to remove small design errors. For example, in order to 

determine an appropriate SF count, both historical data on earlier projects, as well as new data can be 

used and combined to determine the average square footage that a typical class can successfully model 

OPP & PSU AE collaborate 
to select target SF and 

cost/SF expected as well 
as SF limits (if OPP budget 

limited) 

Preliminary building lists 
selected in order to be 

used for modeling; 
drawings prepared 

PSU AE assigns drawings 
to students in AE222 

Model structure utilized 
in analyses in AE308 

Model MEP enhanced in 
AE 310 and AE 311 

Models produced in 
“fragments” 

Model acoustics analyzed 
and optimized in AE309 

Model completely put 
together in AE372 as a 

final piece 

Model details and 
textures enhanced in 
some areas in AE444 

Table 4-2: AE222 Requirements 

Figure 4-1: BIM Process 
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without jeopardizing their education. The most important point, as stressed over and over is that the 

most important factor to realize is that any part of the project that takes away from the educational 

aspect is immediately removed from the design and process. It is important to always keep in mind that 

this project is not designed to simply create models for OPP’s sole benefit, but rather a much more 

complex approach to designing a process that allows the project to essentially “hit two birds with one 

stone” by allowing students to benefit from all the same educational characteristics of the modeling 

process whilst creating a model that is not only useable by OPP, but first by the students in a number of 

courses that allows them to be exposed to the most cutting edge and be on the frontlines of the new 

wave of BIM integration. This idea requires close monitoring and an efficient trial and error process that 

allows itself to become more and more streamlined as time passes. 

BIM Information 

In order to further understand the benefits of BIM, one must understand the components and portions 

of BIM that make it what it is and allow its use to be efficient. 

 

Figure 4-4 shows the different things that can be done using a true BIM model, since BIM is often 

mistaken for simple 3D models; It is, by definition, the integration of a 3D model with information that 

pertains to the building itself.  

 

  

BIM 
Model 

Asset 
Management 

Preventative 
Maintenance 

Enterprise 
Management 

System 

Complete 
Item Data 

Maximo 
Integration 

Ordering 
Capabilities 

B.A.S. 
Integration 

Space & 
Operational 

Management 

Figure 4-4: BIM Model Relationship 

Chart 
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What Isn’t BIM? 

One particular issue is that many professionals and owners do not know what is not considered BIM and 

why. As mentioned earlier, BIM is not simply a 3D model, as that is simply a 3D model and not a BIM 

model! The reason is that the model is a visual representation, but one that cannot be used to aid in 

design or integration processes. It also does not aid in the construction process, so it is practically just 

visual. Another point is a model with objects whose sizes and parameters cannot be changed, is one that 

is not considered to be a BIM model. 

BIM for Owners (Eastman) 

BIM is often talked about in a sense that is advantageous to the constructors and fabricators and 

subcontractors and all entities involved with construction except for the owner. The owner is usually left 

out of the equation except in terms of visual representations for “pitches.” The BIM tools used are 

actually catered to those entities and not the owner.  

One of the biggest issues with BIM models is that typically, once the building is constructed, the model is 

not updated. This causes the model’s value to drop exponentially as its use is done and no longer is it 

needed or useful. This actually creates a dilemma; to update or not. The value in this may not actually be 

realized instantly, and may cost a lot up-front, which is the case for the analysis at hand. 

With facility management being one of the most important parts of the BIM models to OPP, one must 

consider the actual benefits. So firstly, the models are a long term investment in that they are not 

forgotten and “left to rot.” The models must always be monitored and done so to reflect changes in the 

buildings systems and geometry. That being said, the gains are very noticeable even from day 1 or the 

system being in operation. Inefficiencies due to activities like maintenance and labor entering data by 

paper and filling out forms and inputting data at a later time in a computer can be entirely eliminated. 

There will be no need to have anybody hired to collect and enter data; instead the laborers can do this 

directly to the BIM model. In turn, this can be all viewed by the owner (OPP) in one single location to 

streamline the process. In other words, the models will pay for themselves eventually. 

The most important point to gain from this is that using a BIM model is going to have benefits, but it also 

comes with commitment and the need for the owner to supervise the process and ensure a quality 

product results from this. 
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Keeping it Real! 
Being realistic is the most important part of this project, and while the aforementioned class design may 

be appealing, there are some major flaws in it. 

Firstly, the program does not look at the problem in which students are almost literally “forced” to carry 

out this project. The fact that the entire design of the class emanated from the two parties involved 

benefitting does not mean that this should take away any benefits that are already being realized in the 

current situation for the students. So, this means that the students should not have their education be 

force-infused with the OPP project to make models, no matter how profitable and beneficial they are. In 

fact, just the opposite needs to happen (discussed later). 

Secondly, the modeling scenario presented in “A Refined Approach” is very optimistic and relies heavily 

on all things going well. The issue with this is that there is little or no room for things to go awry, and if a 

model does not come out well from second year, the students will need to deal with it throughout third 

year as well. This is less than ideal, but also very likely, as the students who make the models are not all 

experts and not all is interested in the modeling aspect of architectural engineering. And as things stand 

now, not every student that graduates from the program is, or needs to have intensive knowledge of the 

modeling process. 

Finally, in order to address these issues, students need to be in control of what they are learning to 

some degree. So, the fact that what they are doing is producing a product quite literally, is a bit of a 

weird position to be in, especially when that may not be their interest. 

Real Expectations 

Considering that the OPP’s current as-built drawings are a little outdated, the modeling of buildings may 

be a challenge. Some M.E.P. systems may not be accurate, and may not be able to be represented in a 

fashion that satisfies either party. There will be a lot of wasted time gathering drawings and information 

and whilst this seems like a quick-fix, it is not. Some models may not have all required drawings, while 

some may. Finding these drawings may be a new issue altogether as there is quite a few buildings whose 

drawings are very old, and may need special attention when being handed to students.  

Moreover, the expectation that students would be able to model M.E.P. in a manner that is useful is 

“expecting a lot” and may be a setback to the OPP in terms of a sunk cost. In other words, OPP’s time 

investment as well as possible monetary investment in the project may not be realized when unfinished 

models, or unusable models are produced; there must be enough control over what is being asked for, 

as well as incentive. 
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The Solution 

The solution might seem like an “all-inclusive deal” but it is not. It is merely a better method of looking 

at this entire project, and understanding the ultimate needs of all parties involved. The risks involved 

with taking on a project like this when the end result is actually a product, is high. The whole idea 

focuses on the need for models and the ability of OPP to “exploit” the position it is in, in a sense that 

they are hitting two birds with one stone (instead of paying a higher premium at a specialized company).  

Accuracy 

In order to have this work, students CANNOT be expected to model more than just the exterior and 

architectural components. In other words, the most valuable portion that can be realistically modeled by 

students in a 200 level course in AE, is the exterior and interior walls of the building, with some façade 

details. Essentially, this is what they learn anyway, and the model being produced would not affect their 

learning. 

Internship Approach 

Although this seems like a very simple idea, an internship would be a very attractive method of 

producing models, and is so very many very good reasons. 

 The students who perform well modeling in the 200 level classes can be selected based on 

known performance, which can drastically reduce the time necessary to identify possible 

candidates. 

 The incentive to work and both be paid as an intern, as well as have it shown on a resume is 

great for any student. 

 OPP would have total control over the required content of the models, and can easily monitor 

the process and have a hand in their investment; this is much more appealing than “hoping for 

the best.”  

 The process can easily be flexible and accommodate students’ needs, as well as the ability for 

students to work either in a specific location or in any campus lab. 

There are drawbacks as well to this approach as well, with the most noteworthy being the fact that the 

AE program will receive very minimal earnings from the process. Since this should not be a political 

debate, that shouldn’t be a problem as the opportunity of exposing students to a working environment 

is much more beneficial to them than producing a product with little incentive, for another entity’s use. 

Off Limits 

One final point to consider is that there may be quite a few buildings on campus whose drawings cannot 

be accessed for security reasons, and that may not hinder progress, but would possibly require more 

debate as to how they would be handled. A simple starting point would be to only model the façade and 

exterior walls, with not information provided on anything else in the building. 
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Conclusion 
To conclude, table 4-3 shows the possible risks and benefits of the modeling process if the in-class 

approach was taken. 

Risks and Benefits of the Process Method 

Benefits Risks 
Models provided to OPP May be detrimental to education 
Income provided to PSU AE May be extremely time consuming 
Students exposed to mechanical BIM modeling May relocate focus of classes 
Students exposed to lighting/electrical BIM modeling Possible failure of 2-3 year process if not 

coordinated well enough 
Students exposed to structural BIM modeling Models not updated lose value 
Students exposed to BIM coordination and 
management processes 

 

 

With technology changing rapidly before our eyes, getting students in the habit of using the tools 

provided by the industry is a way of setting them apart from the rest of the graduates in this field. The 

ability to enter the market with years of experience with these tools is not only an added benefit to the 

students, but to the industry as a whole; it promotes the efficiency of these processes and allows the 

students to become leaders. This is perpetuated by their knowledge of the systems that they design, as 

they are not only experts in the 3d coordination and integration aspect, but can also perform all that 

they learn in theory and apply it to real-life-applications. 

The advantage to OPP is that they will receive models that can only get better with time, as the process 

will get more efficient and become a dedicated learning tool for the professors at PSU AE, whilst 

allowing the models to be used by a separate entity in a manner that benefits both. The foreseeable 

benefits are endless, but the process must be closely monitored and controlled to ensure the main goals 

are always kept at hand, preventing the process from turning into something that it was not intended to 

be; a job. 

  

Table 4-3: Risks and Benefits of the Process Method 
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Recommendation 

In this particular case, despite the effort to realize the potential of a class that will serve the students 

and the university, the project is unfeasible. It is true that if all external factors are very highly controlled 

and all students produce to their best potential, the process may be very successful. However the risk is 

high considering the real situation. The need for many external factors to all be in harmony is too much 

of a risk and shows that the approach is extremely optimistic. The factors include: 

 Up-to-date models required for all systems 

 Very quick Reponses to any queries about the drawings as not to waste-students time looking  

for information to be provided 

 Students must perform at a high standard for all approaches to work 

 Access to drawings must be immediate (finding out midway in the project that certain drawings 

are missing would be very wasteful to the student) 

Whilst the factors are just a few, they are enough to deter from having the 2nd year students modeling 

for an external cause. This is not to say that the success of the project (no internship) is impossible, but 

it is highly unlikely as it depends on more than one factor greatly outside both parties’ (PSUAE and OPP) 

control. 

Finally, it is very wise to consider the internship approach. This is an overly-simplified solution, but 

without the resources and time to continue to study the “dual-benefit” approach, one cannot come to a 

solid conclusion. However, based on the information provided and the research conducted, there is a lot 

of conflicting ideas within both entities, with no clear boundaries drawn on what exactly is 

wanted/expected from either entity. And with control being one of the most important issues, the only 

way to fully control the product is to directly pay for it. Although it may not seem fair for AE PSU to “give 

up” its students to work outside its boundaries, there are clear benefits to that.  

LACCD e7 

The LACCD (Los Angeles Community College District) employs an internship program that benefits the 

university through internship works. It operates under very similar principles and allows students 

internship opportunities that benefit the university. One of these programs, called e7 studio 

(e7studio.net) does what is very similar to what PSU wishes to achieve. Although communication was 

limited with this entity during research, the success of this project is very realistic. 

Final Words 

In a final conclusion, the most effective approach at based on information provided and received within 

this report, the most viable option for the problem statement at hand is to employ an internship based 

approach. 
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Final Conclusion 
To conclude this thesis report, it is important to note some of the lessons that have been learned as a 

result of this research, which would not have been learned otherwise. 

Analysis I 

In this analysis, it was determined that asbestos is a major contributor to issues and problems when 

dealing with renovation work on buildings that were built before the 1980s. It is a crucial part of the 

project to understand the health risks involved with asbestos and not to underestimate the importance 

of its removal. 

There is also the concern of demolition, and that demolition is not necessarily dealing with charges and 

explosives. In fact, it may be a carefully choreographed event in which a crane and other heavy-duty 

equipment are used to tear down a building.  

In terms of the Moore Building Addition, it would be advised to tread cautiously when selecting one 

method over the other, as delays in the project may occur due to unforeseen circumstances. Also, the 

risk of not shortening the schedule is high considering the short timeframe of the project. 

Analysis 2 

One important piece of information learned is that there are many variables that go into the selection of 

a new design. It is not a simple task to simply take a given design and adapt it for use with a new façade. 

In the case of the Moore Building Addition, it would be best to consider a precast façade system as the 

savings in time are extremely high. Also, there may be savings in other areas due to the high reduction 

of on-site crowdedness. It is without a doubt, a very appealing route to go with for this building. 

Analysis 3 

In researching design-assist as a possible contract type, one of the most important lessons learned was 

that there is an inherent lack of communication between key people involved in some projects. For one, 

the information provided as to the structure of the projects was differing from two separate entities in 

the physical plant. 

It is also almost impossible to quantify ideas with no comparable data; surveys are a very helpful tool in 

this situation. 

Analysis 4 

In the last analysis, the most important lesson learned is that the answer that may be most useful may 

also be the simplest. It may not always be that the complex route is the one to provide the best results. 

Although it may, the time available made it hard to delve deep enough to find out just that. However, 

based on the research, the internship route looks the most promising. 
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Appendix A – Existing Conditions Site 

Layout 
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Appendix B – Detailed Project 

Schedule 
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Appendix C – Material Take-Offs and 

Detailed Structural Estimate 
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Appendix D – General Conditions 

Estimate 
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Appendix E – Visual Representation of 

Façade Panels 
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Appendix F – Structural Calculations 

and Details 
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