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Over the course of the 2013/2014 academic calendar year, The Mary J. Drexel Assisted Living Additions 

Project was analyzed and studied to identify areas in which alternate means and methods could have 

resolved any challenges or problems that may have affected the efficiency of the project. After careful 

investigation, four areas that could have improved the project include; re-sequencing the project 

schedule, implementing a green roof to improve value engineering efforts, utilizing MEP prefabrication, 

and altering the project delivery method. This final report presents the four analyses performed by 

including details of the challenge presented, suggesting solutions, and analyzing the solutions on the 

project. This report is not meant to critique the already effective project team but to study their project 

for educational purposes. 

Analysis #1: Project Sequencing 

The first analyses focused on reducing the overall project schedule duration by altering the original 

schedule sequencing. Any reduction to the schedule will result in general condition costs savings on the 

project. The goal of the analysis was to improve the schedule by two weeks; however the proposed 

project schedule resulted in a savings of four weeks. This was done without altering manpower and 

activity durations and resulting in savings of $57,000.  

Analysis 2: MEP Prefabrication 

The second analysis focused on implementing prefabricated MEP corridor racks. The MEP trades were 

brought onto the project at an early stage under the design-build contract. The goal of this analysis is 

determine the feasibility of allowing some of the MEP work to be fabricated at an off-site facility. This 

method of construction was feasible given project conditions and resulted in expediting the project 

schedule by one week and cost savings of $14,257 for general conditions and $20,875 in labor costs.  

Analysis 3: Green Roof Implementation 

The third analysis focused on implementing a green roof system design. A value engineering effort was 

made to reduce initial costs and not much consideration was taken into other factors such as lifecycle 

costs. The goal of the analysis was to provide a system that will be able to reduce noise levels and 

provide cost savings for the owner over its life. The proposed system did result in being feasible with the 

current structure and provided $41,723 in costs savings over 18 years and did not increase the project 

schedule duration. 

Analysis 4: Alternate Delivery Method 

The final analysis focused on providing an alternate delivery method that could have been used. A 

hybrid approach was used with a combination of Design-Bid-Build and Design-Build for the MEP 

systems. Due to many design changes throughout the construction of the buildings, many issues arose 

regarding the stakeholders communicating amongst each other. The goal of this analysis is to provide 

new information for the owner on an approach such as IPD that could have been used. Although IPD is a 

new approach to the design and construction of buildings, lower cost and lower risk are the greatest 

result of this approach. Integrating working relationships and sharing risk and reward among all 

members improves the exchange of information, thus leading to shorter design and construction 

schedules and overall improvement in the productivity and efficiency of the project.   
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Background 

The Mary J. Drexel Home Assisted Living Addition project is located just outside of Philadelphia, PA and 

is owned and operated by Liberty Lutheran Services. The campus consists of a three-story mansion that 

was constructed in 1878 and has been providing senior-care center and nursing home services. 

However, these services were suspended in mid-2008, pending renovation and new construction. 

The historic mansion is receiving new attached two-story East and West wings that will serve as the 

assisted living residence. Each two-story wing consists of two separate “households” with each 

household serving 20 residents for a total assisted living resident population of 80 residents. The existing 

historic mansion will be used as the focal point for Liberty Lutheran Services marketing and business 

aspects as well as a connection between the new wings. 

General Building Data 
 
Building Name: The Mary J. Drexel Home Assisted 
Living Addition 
Location: 238 Belmont Ave | Bala Cynwyd, PA 
19004 
Occupancy Type: Assisted Living Residence (ALR) 
Size of West Wing: 34,108 gross square feet 
Size of East Wing: 40,600 gross square feet 
Number of Stories above ground: 2 
Size of Existing Mansion: 21,000 gross square feet 
Number of Stories above ground: 3 

 Construction Information 
 
Construction Start: November, 2012 
Construction Completion: December, 2013 
Cost Information: $14.6 Million 
Project Delivery Method: Design-Bid-Build* 
          *MEP Systems were Design-Build 

 

Owner: Liberty Lutheran Services 
Architect: SFCS, Inc. 
CM/GC: Wohlsen Construction Company 
 

 

The goal of this project is to construct a high quality senior-care living facility at a budgeted cost value. 

The owner wants the residents to have an “at-home” feeling instead of the traditional 

institutional/hospital feeling as many senior-care facilities have. 

 
Rendering of the Mary J. Drexel Project. Courtesy of SFCS, Inc. 
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Figure 1.1 – 3D View of Site before construction – Image from Google 

Client Information 

Liberty Lutheran Services is a Human Service Organization founded in 1887 that create communities and 

change lives by offering their help and support for people of all ages. In 2005, Liberty Lutheran 

expanded their services to help seniors in communities who desire to maintain their independence but 

require in-home assistance. This led to the acquisition of The Mary J. Drexel Home located in Bala 

Cynwyd, PA in 2008. The Mary J. Drexel Home (MJD) is a 150 year old facility where Liberty Lutheran 

wants its residents to feel as if they were home instead of a traditional institutional assisted living 

concept.   

 

Existing Conditions 

When purchased in 2008 the campus consisted of a three-story mansion constructed in 1878. It will 

continue to be used for various organized events. There was a single story Nursing Home and existing 

Cottage that were not in use that are being demolished so the new East and West Wing additions can be 

built in its place. An existing barn will remain to be used as storage for both construction and post-

construction purposes. The site will become very congested and tight once the additions start going up 

since the topography of the site slopes down away from the construction boundary/silt fence that will 

be put up. 

The Mary J. Drexel Project is located off a heavily traveled Belmont Ave. just outside of Philadelphia, PA. 

Figure 1.1 below shows the 

Mary J. Drexel home before any 

demolition or construction has 

started. It is very evident that 

the site will bring about a few 

issues when considering laying 

out the site for construction 

work to be completed 

The other case to be considered 

for this project is the fact that it 

is located in the middle of a 

residential community.  Having a 

restricted site such as this will 

require current vegetation to be 

removed and will also restrict 

certain equipment from being 

able to be placed on site.  

 

*See Appendix A for the existing conditions plan. 
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Building Systems Overview 

Structural System 

This project used a load-bearing metal stud wall system known as “The Infinity Structural System”. This 

system is ideal for mid-rise residential projects such as Apartments, Condos, Lofts, Student Housing, 

Hotels and Senior Living Facilities up to seven or eight stories in height. The Infinity wall panels are pre-

fabricated off-site and are delivered on trailers and sometimes laid down on site or stay on the trailer 

and are lifted off and placed in their proper location. Figures 1.2 & 1.3 below show the panels installed 

on the East Wing and how they are temporarily braced with light gauge metal framing until the deck is 

installed.  

  
Figure 1.2 – East Wing Infinity Panels Figure 1.3 – Temporary Bracing for Infinity Panels 

* Photos for Figure 2 & 3 taken by Gjon Tomaj 

In order to allow for some larger spans some structural steel is used in the middle common areas of 

each wing for the foyer, community living area, dining area and activity kitchen. These columns and 

beams were installed using a truck mounted mobile crane due to its ease of accessibility around the 

congested and small site. 

The only concrete work that was placed is cast in place for the slab on grade and slab on deck which 

used 4” normal weight concrete with strength of 4,000 PSI. The formwork consisted of a light gauge 

edge screed and the concrete was placed using concrete pumps with a trowel & fine broom finish. 

Although most of the structure consisted of load-bearing metal panels, the basement walls, elevator 

shafts and stair towers are all constructed using reinforced load-bearing CMU walls varying with 8” and 

12” thicknesses.  
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Mechanical System 

The mechanical system used was a Variable Refrigerant Flow System (VRF). The system contains two 30 

ton outdoor Rooftop Air Handling condensing units and one 13 ton Rooftop Air Handling Unit. Each of 

the 30 ton units supplies 6,200 CFM while the 13 ton unit supplies 2,870 CFM. Throughout the two 

wings, the Rooftop Air Handling Units are connected to multiple indoor fan coil units, each individually 

controllable by each resident unit. This segmentation of the distribution system allows greater comfort 

control of each individual resident unit as it is capable of cooling some spaces while heating others. A 

benefit of this system is that it allows for an increase in useable floor space by removing mechanical 

equipment from inside the main building areas and only needing vertical mechanical shafts where 

necessary. 

Electrical System 

The Electrical System contains a 3000A 208/120V 3 Phase-4 wire MDP that connects to the two new 

wings as well as into the existing mansion. The MDP is then split into six different feeds varying from 

100A to 1200A that services areas such as the existing barn, existing mansion, new wing additions, 

miscellaneous equipment such as automatic transfer switches and the emergency generator. All of the 

panel boards that are supplied via the 3000A distribution panel are rated at 208/120 volts. The only 

redundancy system within the electrical systems of this project is a 200 kW Natural Gas Emergency 

Generator. This generator ties directly into the main service feed to the building and can be used for the 

existing Mansion, new additions, and even the existing storage barn. 

Building Façade 

The basis of design for this project is to provide the residents with a more residential home aesthetic 

environment than the traditional institutional nursing environment. The major components of the 

building enclosure include stucco and stone veneer as the inspiration is taken from the existing Mansion.  

The stucco and stone veneer enclosure consist of stucco/stone veneer, tyvek commercial wrap air 

barrier, gypsum sheathing, steel stud ‘Infinity’ wall system, and unfaced batt insulation. See Figure 1.4 

for façade system. 

 
Figure 1.4 – Building Façade matching the existing mansion – Image by SFCS, Inc. 
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As stated before, much of the inspiration of the façade was taken from the existing mansion. This is 

because The Lower Merion Township Historical Commission and Architects met on several occasions 

discussing the design intent, materials, colors, relationship to the mansion, etc. The Historical 

Commission was involved to insure the new additions were compatible with the existing Mansion. Some 

requirements listed by the Historical Commission included: 

 The eave of the additions had to be lower than the eave of the mansion by at least a foot so that 

the mansion appeared to be more prominent. 

 The window shutters had to be historically correct (raised panels on the lower floor & louvered 

on the upper floor) & had to be half the width of the window opening so that they looked like 

they would close off the opening but the shutters did not have to actually function. 

 EIFS was not acceptable as a façade and was required to be changed to stucco. 

 The downspouts and downspouts had to be round as rectangular was not acceptable. 

 

Cost Overview 

When evaluating the cost of the project, breaking down the total project cost verses the total 

construction costs is an important first step to take. Table 1.1 below outlines the actual building costs 

provided. 

Actual Building Costs Summary 

Description Cost $ Cost $ per SF 

Construction Costs $ 12,677,090 $ 169.03 

Total Project Costs $ 14,609,579 $ 194.79 

 *Owner did not disclose land & site work costs   (total cost data provided by GC) 
  

Table 1.1 – Actual Cost Data – Provided by Wohlsen Construction  

As shown by the table, most of the project cost was derived from the construction costs. In fact, almost 

87% of the total project comes from the construction of the project. Using RS Means Costs data to 

compare the construction cost of this project to a typical assisted living facility was the next step in the 

evaluation.  As shown below in Table 1.2, similar projects throughout the United States have an average 

construction cost of $10,400,000. 

Square Foot Building Estimate 

Description Cost $ Cost $ per SF 

Construction Costs $ 10,400,000 $ 138.67 

  
Table 1.2 – SF Cost Data – RS Means  

It is evident that this project was a relatively expensive facility compared to the average of $ 10.4 

million. The Mary J. Drexel Assisted Living Addition project cost is relatively higher due to the state-of-

the-art high quality finishes and equipment that were used. 
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Schedule Overview 

The detailed project schedule is broken down into three main headings: preconstruction/design, 

construction, and final inspections & closeout. The construction phase is then broken down further into 

six different parts. The following Table 1.3 gives a summary of the major categories with a few 

significant milestones shown as well. 

The Mary J. Drexel Project schedule begins on June 7, 2011 and owner turnover is on February 6, 2014.  

 

Description Duration (d) Start Finish 

Preconstruction/Design 408 07-Jun-11 11-Jan-13 

Construction 251 26-Nov-12 18-Nov-13 

 Mobilization 3 26-Nov-12 28-Nov-12 

 Excavation 33 30-Nov-12 17-Jan-13 

 Structure 110 04-Dec-12 08-May-13 

  West Wing SOD Finished - 20-Mar-13  

  East Wing SOD Finished - 29-Apr-13  

 Building Envelope 120 11-Mar-13 27-Aug-13 

  West Wing – Roof Trusses & 
Sheathing Complete 

- 08-May-13  

  West Wing – Dried In - 31-May-13  

  East Wing – Roof Trusses & 
Sheathing Complete 

- 03-Jun-13  

  East Wing – Dried In - 24-Jun-13  

 Interior Fit-Outs 158 08-Apr-13 18-Nov-13 

  Permanent Power - 17-Jul-13  

  Complete Elevators - 06-Aug-13  

 Finishes 148 08-Apr-13 04-Nov-13 

  West Wing – Drywall Complete - 31-Aug-13  

  East Wing – Drywall Complete - 26-Sep-13  

 Sitework 92 24-Jun-13 31-Oct-13 

Final Inspections & Closeout 123 15-Aug-13 06-Feb-14 

 Substantial Completion - 24-Dec-13 24-Dec-13 

     
Table 1.3 – Project Milestone & Critical Item Overview 

 

 

*See Appendix B for the complete original detailed project schedule. 
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Preconstruction / Design 

The Mary J. Drexel Project began the design process in the beginning of June 2011 with a mindset to 

start construction within a year or two and being complete a year after starting. The longest and most 

important aspect of this project was the preconstruction and design phase. Throughout this phase many 

meetings and discussions took place between the Owner, Architect, and The Lower Merion Township 

Historical Commission specifically about the building façade. Another large part of this phase was the 

MEP Design-Build aspect that Wohlsen Construction coordinated which was completed 61 days after the 

design development was complete.  

Upon completion of the design, the focus shifted to estimating the GMP contract that was reviewed and 

approved by the owner on September 17, 2012. This allowed Wohlsen to turn their focus on finishing 

the procurement process and coordinate the demolition work with the third party contractor hired by 

the owner. 

Construction 

-- Mobilization & Excavation -- 

It is important to note that the demolition work to the existing buildings on the site started at the end of 

August 2012. As this work was completed by a third party contractor, it is not shown on the detailed 

project schedule. The demolition of the existing Cottage and Nursing Home was completed and 

removed from site by October 2012. Mobilization started on November 26, 2012. Once the site was 

cleared and the excavation was complete, small quantities of rebar and lumber showed up on site for 

the concrete layout work to begin. 

-- Structure -- 

The structural phase began in the 

beginning of December 2012 and 

ended in the beginning of May 

2013. The foundations of the new 

additions are very simple as it 

began with the placing of footings 

and CMU Masonry bearing walls. 

All underground MEP work was 

placed and inspected prior to any 

concrete slab being poured. The 

south half of the West Wing was 

the first part to be placed. The typical sequence can be seen in Figure 1.5. The substructure of the West 

Wing took 60 days and was completed on February 27, 2013.   

Figure 1.5 – Typical Flow of Work 



 

 
 

April 09, 2014 Final Report  

The Mary J. Drexel Home Assisted Living Addition | Gjon Tomaj     8 

The East Wing followed a similar sequence but rather than starting on the south end, the north end was 

the starting point. The sequencing was phased to have the two new additions be erected toward the 

existing Mansion. Each wing averages about 60-70 days to complete the substructure and 25-28 days for 

the superstructure to be complete. The superstructure is composed of prefabricated load bearing wall 

panels that are placed on site allowing for a swift erecting sequence. Two critical dates arise when the 

elevated floor slabs are complete so the building envelope work can commence. 

-- Building Envelope & Enclosure -- 

As mentioned earlier, the most time was spent in the design phase on the building envelope system due 

to Historical Commission requirements and recommendations. Comprised of stucco and stone veneer, 

careful inspections needed to be made after the lath for the stucco was placed. Work on the façade 

system began in mid-March 2013 with the West Wing and the East Wing following four weeks behind in 

mid-April 2013. Each wing is first completely sheathed and wrapped before the windows are installed 

and flashed properly.  Once the roof trusses were installed and sheathed, three weeks later the roof 

would be shingled and membrane roofing was installed. It was critical that the dried in dates for each 

wing were met so interior fit-outs and finishes can begin since these have the second longest durations.  

-- Fit-Outs -- 

MEP rough-ins were the first to start once the building envelope in dried-in.  The work sequence follows 

the same flow from south to north on the West Wing and north to south for the East Wing. The four 

week lag may have seemed as a big gap, but this was done to minimize scheduling risks. A major 

milestone in this section is Permanent Power. With the many different amount of trades being on site, 

the earlier that permanent power can be on site the better. Having the finish trades using temporary 

power to finish two buildings is not very efficient and can slow down the production. 

-- Finishes -- 

Throughout the initial design development phase this project contained high quality finishes. This 

process follows the same flow of south-north West Wing and north-south East Wing to meet at the 

existing Mansion. After the rough-ins were complete, activities such as blocking, drywall, flooring, 

woodwork, fixtures, painting, and doors are included in this phase.  Having the high quality finishes 

means that longer installation times are required when planning durations and lead times were greatly 

considered. 

Final Inspections & Closeout 

As each wing came to completion, a typical punch list walkthrough was performed by the Contractor, 

Architect, and Owner. All testing and inspections were completed at this time as well. Once substantial 

completion is met and the certificate of occupancy is issued the owner can move in. Substantial 

completion was schedule for December 24, 2013.  
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Problem Identification 

For this construction project, significant emphasis was placed on the cost and quality of the project with 

less on the overall project schedule. With the project criterion focused on cost and quality, no urgency 

was placed on completing the project at a faster rate if it would have risked the criterion. Upon quick 

observation over the Mary J. Drexel Project’s 14 month construction schedule, it was recognizable that 

improvements could be made without risking cost or quality. 

One of the aspects that hinted to the possibility of improvement is the activity sequencing.  Many of the 

construction activities were scheduled with one following another without any overlap between trades. 

Although this does minimize scheduling risks throughout the project, it is not an efficient way to develop 

a project schedule. Unnecessary gaps between activities were also recognized in the schedule that could 

be removed and further more improve the schedule. 

 

*See Appendix B for the complete original detailed project schedule. 

 

Background Information 

Although schedule duration was not a significant point of emphasis on the project, there still could have 

been added benefits from a compressed schedule in a cost perspective. With the owner being 

concerned about cost, the simplest and cheapest way for the project team to accelerate the schedule is 

through re-sequencing the entire project schedule.   

The simplest and cheapest way for the project team to accelerate the schedule is through re-sequencing 

the entire project schedule. The current schedule is set up so that the East wing is delayed four weeks 

after the West wing and for the trades to start right after another trade was finished working.  

Any compression of the project schedule would result in direct savings of general conditions costs for 

the owner.  The general conditions estimate originally had a total cost of $1,596,477. The monthly paid 

line items that would be affected by reducing the schedule account for $798,384, or 50% of the total 

general conditions estimate at a 14 month project duration. Thus, any reduction in the project schedule 

will result in decreasing costs for the owner. 

 

*See Appendix C for the complete original general conditions estimate. 
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Analysis Goals 

As previously mentioned, the project schedule was structured in a way where most activities were finish 

to start rather than having some overlap. With this analysis, the main goal is to sequence the project’s 

construction schedule to reduce the total project duration. The minimum goal of this analysis will be to 

reduce the schedule duration by at least two weeks. During this analysis, the original activity durations 

that were set from the project team will not be altered. With reducing the schedule duration by two 

weeks, the original duration of 14 months (56 weeks) will adjust to 13.5 months (54 weeks).  

Any reduction in the overall project schedule without the addition of additional resources will result in 

cost savings on the project. If the two week schedule reduction is achieved, the result will provide a 

$28,514 cost savings in general conditions to the owner as shown in Table 2.1 below. 

Two Week General Conditions Cost 

  Description Quantity Unit Cost/Unit Amount 
  Project Management Team       $26,475 

    Project Executive (10%) 0.5 Mo. $2,050.00 $1,025 

    Field Operations Manager (10%) 0.5 Mo. $1,700.00 $850 

    Project Manager  0.5 Mo. $16,000.00 $8,000 

    Superintendent 0.5 Mo. $15,500.00 $7,750 

    Project Engineer 0.5 Mo. $11,200.00 $5,600 

    Project Assistant (50%) 0.5 Mo. $4,000.00 $2,000 

    Laborer (50%) 0.5 Mo. $2,500.00 $1,250 

  Site Conditions       $2,000 

    Temporary Phone 0.5 Mo. $750.00 $375 

    Temporary Toilets (4) 0.5 Mo. $600.00 $300 

    Drinking Water 0.5 Mo. $150.00 $75 

    Dumpsters (2) 0.5 Mo. $2,500.00 $1,250 

  Field Operations       $39 

    Field Office/Trailer - use existing facilities 0 Mo. $0.00 $0 

    Storage Trailers - use existing facilities 0 Mo. $0.00 $0 

    Job Office Supplies 0.5 Mo. $77.40 $39 

TOTAL $28,514 

  
Table 2.1 – General Conditions Estimate - Cost Savings (two week goal)  

This is quite a significant cost savings for reducing the schedule by only two weeks. Ultimately when 

analyzing and re-sequencing the schedule, the goal will be to provide the most cost savings available by 

reducing the duration as much as possible. Although not easily quantifiable, this will be done by 

ensuring that the quality of the project will not be at risk either. The process that this could be done is 

by ensuring that tradesman are on site completing activities one after another without leaving the site 

and having to re-mobilize often. Allowing a continuous workflow for trades will increase the efficiency of 

the schedule and project quality while also minimizing costs. 
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Process 

-- Analysis of Original Schedule -- 

Analyzing the original schedule and identifying areas that could be re-sequenced and adjusted is the first 

step in the analysis. The original major construction sections that are outlined in the project schedule 

are summarized below in Table 2.2.    

Description Duration (d) Start Finish 
1. Preconstruction/Design 408 07-Jun-11 11-Jan-13 

2. Construction 251 26-Nov-12 18-Nov-13 

 2.1 Mobilization 3 26-Nov-12 28-Nov-12 

 2.2 Excavation 33 30-Nov-12 17-Jan-13 

  West Wing - 30-Nov-12 12-Dec-12 

  East Wing - 02-Jan-13 17-Jan-13 

 2.3 Structure 110 04-Dec-12 08-May-13 

  West Wing - 04-Dec-12 08-Apr-13 

  East Wing - 04-Jan-13 08-May-13 

 2.4 Building Envelope 120 11-Mar-13 27-Aug-13 

  West Wing - 11-Mar-13 22-Jul-13 

  East Wing  - 09-May-13 27-Aug-13 

 2.5 Interior Fit-Outs 158 08-Apr-13 18-Nov-13 

  West Wing - 08-Apr-13 21-Oct-13 

  East Wing - 09-May-13 18-Nov-13 

 2.6 Finishes 148 08-Apr-13 04-Nov-13 

  West Wing  - 08-Apr-13 14-Oct-13 

  East Wing  - 09-May-13 04-Nov-13 

 2.7 Sitework 92 24-Jun-13 31-Oct-13 

3. Final Inspections & Closeout 123 15-Aug-13 06-Feb-14 

 Substantial Completion - 24-Dec-13  

 Owner Move-In - 26-Dec-13 06-Feb-14 

     
Table 2.2 – Original Schedule Summary Outline 

Of the schedule sections outline above, Sitework and Preconstruction/Design were not analyzed 

because they did not affect the substantial completion date. Also, the Sitework schedule was in control 

of the owner and was only listed on the project schedule for coordination purposes. The basement area 

was not analyzed either as it was not on the critical path. 

The first aspect of the project schedule that attracted attention for further improvement was the gap 

between the start dates for the East and West wings being constructed. The East Wing construction 

started four weeks after the West Wing. With these two buildings being approximately the same size 

and shape, this gap between start dates could easily be reduced. The unnecessary float between the 

excavation of the two wings is an example of the how this gap was discovered when analyzing the 

schedule. Gaps like this were then further investigated in order to evaluate if they were required for 

construction purposes.   
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After discussions with the project team, it was realized that starting the excavation for the East Wing 

right after the West Wing would have been feasible. As stated before, the reason for this gap was to 

minimize scheduling risks especially since the excavation was being performed in the winter. The four 

week construction gap between the two wings was also discussed in terms of attempting to reduce the 

gap. A three week difference between buildings would have been adequate for this project instead of 

the four. Although the gap between the two buildings was a quick discovery when analyzing the 

schedule, gaps between specific construction activities were also noticed in other areas of the schedule 

and evaluated as well. Some were more prominent than others and those gaps were easily removed if 

feasible, while other gaps were not as obvious. 

-- Re-Sequence Original Schedule -- 

After the gaps between activities were removed and adjusted, the next part of the analysis was to 

improve the sequencing of activities by overlapping them. There are many instances throughout the 

entire project schedule where activities are start-to-finish without any overlap. This technique does 

allow for schedule risks to be minimized as mentioned earlier. An example of this can be seen in Figure 

2.1 below which outlines the original structural phase of the project. It is shown here that the 

substructure crew and superstructure setting crew were scheduled one after another. This allowed for 

each crew to install their work without any worry of another trade interfering.  

 

 

Figure 2.1 – Original Structure Phase Schedule 
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The sequence of the project schedule was improved by reorganizing the activities for each crew so they 

overlapped one another. Some examples shown above such as the CMU bearing walls waiting until the 

spread footers and piers were installed is an activity can be completed simultaneously. The largest 

factor that allowed for the large 60 day duration of the substructure of the West Wing was the three 

week gap between the two slab-on-grade pours. Although the West Wing did not affect the critical path, 

the scheduling sequence for the East Wing is the same. Any improvement to the sequence of the West 

Wing will allow the East Wing to start earlier and thus, reducing the total schedule duration. 

Understanding that improving this 60 day duration and overlapping activities would be beneficial, 

activities such as starting the structural wall panels after the first half of the concrete slab is poured 

would be a significant improvement.  

 

 

Figure 2.2 – Revised Structure Phase Schedule 

Figure 2.2 above demonstrates the improved re-sequencing for the structural phase example. Other 

phases of the construction schedule were re-sequenced following the same process with the mindset of 

increasing efficiency of work and reducing any possibilities of crews having to re-mobilize after another 

crew was complete. This scheduling technique of overlapping activities and improving the sequence 

resulted in reducing the most time off the schedule. 
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Results 

-- Schedule Savings -- 

Re-sequencing construction activities so there are overlapping activities is the simplest and most cost 

effective way to reduce construction costs. The potential scheduling changes outlined above should help 

shorten the overall project schedule duration leading to a decrease in the general conditions costs on 

the project, saving money for the owner. 

As a result of analyzing and improving the sequence of the schedule, the revised major construction 

sections that were outlined previously are summarized below in Table 2.3. 

Description Duration (d) Start Finish 
1. Preconstruction/Design 408 07-Jun-11 11-Jan-13 

2. Construction 242 26-Nov-12 05-Nov-13 

 2.1 Mobilization 3 26-Nov-12 28-Nov-12 

 2.2 Excavation 22 30-Nov-12 02-Jan-13 

  West Wing - 30-Nov-12 12-Dec-12 

  East Wing - 14-Dec-12 02-Jan-13 

 2.3 Structure 84 04-Dec-12 02-Apr-13 

  West Wing - 04-Dec-12 15-Feb-13 

  East Wing - 26-Dec-12 14-Mar-13 

 2.4 Building Envelope 92 19-Feb-13 27-Jun-13 

  West Wing - 19-Feb-13 04-Jun-13 

  East Wing  - 14-Mar-13 27-Jun-13 

 2.5 Interior Fit-Outs 150 25-Mar-13 23-Oct-13 

  West Wing - 25-Mar-13 02-Oct-13 

  East Wing - 15-Apr-13 23-Oct-13 

 2.6 Finishes 148 08-Apr-13 30-Oct-13 

  West Wing  - 01-Apr-13 17-Oct-13 

  East Wing  - 29-Apr-13 05-Nov-13 

 2.7 Sitework 92 24-Jun-13 31-Oct-13 

3. Final Inspections & Closeout 103 14-Aug-13 08-Jan-14 

 Substantial Completion - 25-Nov-13  

 Owner Move In - 25-Nov-13 06-Jan-14 

     
Table 2.3 – Revised Schedule Summary Outline 

By improving the sequencing of the original project schedule, the substantial completion date was 

moved from Dec 24, 2013 to November 25, 2013. The largest significant changed that allowed these 

results was the gap between the start dates for construction between the two wings. Reducing that gap 

from one month to three weeks and overlapping activities resulted in saving four weeks off the project 

schedule.  

 

*See Appendix D for the complete revised detailed project schedule. 
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-- Cost Savings -- 

The structure and finishes of the wings impacted the critical path the most. Even though the duration for 

the finishes part of the project did not change, the alteration to the structural phase allowed for finishes 

to be completed with the original duration but start sooner. 

As stated earlier, the main goal of this analysis was to hopefully reduce two weeks from the project 

schedule. This analysis proved to be successful and had the project team and owner implemented an 

improved project schedule such as this the resulting general conditions cost savings are outlined below 

in Table 2.4. 

 

General Conditions – Potential Cost Savings 

  Description Quantity Unit Cost/Unit Amount 

  Project Management Team       $52,950 

    Project Executive (10%) 1 Mo. $2,050.00 $2,050 

    Field Operations Manager (10%) 1 Mo. $1,700.00 $1,700 

    Project Manager  1 Mo. $16,000.00 $16,000 

    Superintendent 1 Mo. $15,500.00 $15,500 

    Project Engineer 1 Mo. $11,200.00 $11,200 

    Project Assistant (50%) 1 Mo. $4,000.00 $4,000 

    Laborer (50%) 1 Mo. $2,500.00 $2,500 

  Site Conditions       $4,000 

    Temporary Phone 1 Mo. $750.00 $750 

    Temporary Toilets (4) 1 Mo. $600.00 $600 

    Drinking Water 1 Mo. $150.00 $150 

    Dumpsters (2) 1 Mo. $2,500.00 $2,500 

  Field Operations       $77 

    Field Office/Trailer - use existing facilities 0 Mo. $0.00 $0 

    Storage Trailers - use existing facilities 0 Mo. $0.00 $0 

    Job Office Supplies 1 Mo. $77.40 $77 

TOTAL $57,027 

       Table 2.4 –  Total Potential General Conditions Cost Savings (4 week results) 

 

Implementing the improved project schedule and using the techniques outlined prior, the resulting 

savings to the general conditions costs would have been $57,027 due to the four week reduction. The 

cost savings of the reduction of four weeks results in approximately 3.6% of the original general 

condition costs of $1,596,477.  
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Conclusion 

In conclusion of this analysis, it is recommended that the project team should have considered 

improving the project schedule and implementing some schedule re-sequencing and removing 

unnecessary gaps. Any time that can be saved on the project will result in cost savings for the project. 

The revised schedule outlined in this analysis does not incur any additional expenses on the project and 

resulted in a savings of $57,027 in general condition costs. Although significant emphasis was not placed 

on the project schedule by either the owner or contractor, the time savings result in lower costs which 

could benefit the owner in allowing extra time to choose higher quality furnishings for the senior 

residents. 
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Problem Identification 

Throughout the project, many unforeseen delays arose that led to a need for an increase in manpower 

and productivity in regards to the installation of the MEP systems. Although these delays were not a 

direct result from the performance of the MEP trades, they were forced to employ extra crews during 

the week and start overtime work on the weekends in order to meet the schedule. The MEP trades were 

brought onto the project at an early stage under a design-build contract and this analysis will examine 

how the implementation of a prefabricated MEP corridor rack would have benefited the project. 

Background Information 

The extra efforts mentioned above could have been avoided if the MEP systems were fabricated at an 

off-site fabrication facility and then transported to the construction site. The main focus of 

implementing prefabrication will be placed on MEP corridor racks for both wings since they each have 

identical layouts respectively as shown in Figure 3.1 below.  

 

 

Figure 3.1 – Floor Plan layout for West Wing (left) and East Wing (right) 

 

As stated in Technical Report 3, a majority of the project was assembled in place. This is standard, but 

not as efficient in terms of schedule durations. After having discussions with the project team and 

industry members at the 2013 PACE Roundtable, the idea of using a different installation methods such 

as prefabrication could have been beneficial to everyone on the project.  The MEP systems could have 

been constructed off-site then transported and connected on site which would have increased 

productivity and been more efficient in terms of schedule duration. The main areas that will be focused 

on in order to implement a prefabricated corridor rack will be parts of the corridors of the wings. Any 

areas where a corridor rack will not be feasible will be stick built depending on restrictions that may be 

presented during the design process. 
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Analysis Goals 

The main goal of this analysis is to research and provide a more efficient method of construction for this 

project that may expedite the project completion date. Since the construction site is restricted in size, it 

is expected that the prefabrication of MEP corridor racks will reduce site congestion, improve efficiency 

and productivity. 

In order to complete the analysis and determine how the implementation of prefabricated MEP corridor 

racks will benefit the project; the following steps would need to be performed. 

 Acquire AutoCad models (if any). 

 Review modeling of MEP corridor. 

 Research how BIM is used to facilitate prefabrication techniques. 

 Contact industry members from either Worth & Company or Truland to discuss typical 

techniques when prefabricating. 

 Determine which components of the MEP systems can be fabricated into a common corridor 

rack to be used throughout each wing. 

 Determine feasibility of implementing MEP Prefabrication and cost and schedule savings 

associated. 

Upon completion of this analysis, the possible solutions that could be reached include: 

 The prefabrication of MEP corridor racks will be feasible for this project and can be used to 

reduce installation time.  

 There will be areas of the corridors where a MEP corridor rack design will not be feasible and 

these areas will need to be stick built.  

 There may be additional up-front costs that are associated with using prefabrication techniques 

such as this, but this will most likely be overcome by potential cost savings by reducing the 

schedule completion date or even the amount of labor the subcontractors will need for 

installation time.  

Process 

-- Multi-Trade Prefabrication -- 

The multi-trade prefabrication process allows multiple building systems to be constructed in a controlled 

environment off-site while other building systems such as the structure are being constructed on-site. 

There are many types of building projects that have repetitive elements that are well suited for this 

process.  The use of multi-trade prefabrication is a process that revamps the building delivery process 

and produces high quality projects more quickly, safely, and cost effectively. 
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BIM is the enabler of prefabrication that can be used on many project types. Designs of prefabricated 

units are developed in the beginning stages with all building system trades heavily involved in 

coordinating and setting tolerances.  

In discussion at the 2013 PACE Roundtable, one of the largest concerns regarding the use of multi-trade 

prefabrication is actually getting paid for the work completed during pre-fabrication. It can be difficult to 

receive payment for a module that is completed, but is not necessarily installed out on the actual project 

yet. Other criteria and drivers for effective multi-trade prefabrication and modularization discussed at 

the meeting include: 

 Contract type 

 Project type 

 Site restrictions 

 Trucking to and from site and laws associated (size of assembly can be effected) 

 Permits and hoisting 

 Liability 

Many concerns can be mitigated with the increased level of pre-planning that takes place with the 

contracts and such.  The goal of researching multi-trade prefabrication for this project will not only help 

identify the advantages and disadvantages, but also how BIM enables the production of prefabricated 

building components. Prefabrication techniques have been applied to many projects and have been 

found to improve safety, quality and reduce waste compared to the traditional stick-built method. The 

process of applying prefabrication methods to a project’s highly repetitive MEP systems, typically found 

in hotels and apartment buildings, has great potential to allow the construction project to be delivered 

in a more efficient manner. With this research, future owners could understand the benefits of utilizing 

prefabrication techniques for their projects. 

History of Prefabrication 

The construction process of using prefabrication and modularization has been used for many years now 

and is not a new method. This process of prefabricating building components off-site and sending the 

components to be assembled on-site has been used in America since the 17th century. It started back in 

1624 when a disassembled house in England was shipped to Cape Ann, Massachusetts. This is because 

English building techniques were trusted and familiar to those who had just settled and arrived in 

America.  Also, in the 1850s, the balloon frame system of construction revolutionized the speed with 

which new housing could be built. From this, in the 20th century, companies such as Aladdin Readi-Cut 

Houses and Sears Roebuck & Company were the first to offer prefabricated houses to many families. 

These houses were delivered to families by mail-order and were chosen from catalogs developed by the 

companies, specifically Sears Roebuck and Company. A greater effort for prefabrication techniques was 

seen during World War II because soldiers were being housed in mobile shelters and then upon 

returning were being housed in prefabricated suburb homes.2  
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The technique has further been improved as architects and developers pushed to find new applications 

beyond just single family homes. Now, urban towers can be constructed using prefabricated and 

modular components. A great example of this is the 32-story Atlantic Yards B2 Tower being constructed 

in Brooklyn, New York (see Figure 3.2 below). This tower will be known as the largest 

modular/prefabricated tower in the world once construction is complete in the summer of 2014.  

 

 

Figure 3.2 – 32-story Atlantic Yards B2 Modular Tower in Brooklyn, NY – Image from Skansa 

 

 

By the developer's estimate, the modular tower would move 60% of the work from the field to the 

factory floor. Although high-rise modular construction may be untested and the developer may be 

taking a huge gamble with this project, its parts are based on tried-and-true modular components. With 

this development, it is clear how far the technology has been advanced. 

This reemergence of prefabrication and modular construction as a “new” trend is largely tied to the rise 

of Building Information Modeling (BIM) and green building practices. The emergence of BIM is greatly 

influencing design and construction processes and how project teams collaborate. Recent studies show 

that this technique has been starting to gain popularity again and is becoming widely accepted by many 

industry members.  

 

 

http://www.usa.skanska.com/news--press/featured-news/atlantic-yards-b2-modular-1/
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Figure 3.3 – Key Users of Prefabrication  

Image from McGraw Hill Construction
1 

kk 

Figure 3.4 – Key Drivers of Prefabrication  

Image from McGraw Hill Construction
1
 

Key Members in Prefabrication 

Although prefabrication is becoming increasingly popular by a wide range of key industry members, it 

currently is not accepted by all. Figure 3.3 below shows the recent amount of prefabrication users 

according to McGraw-Hill Construction survey in 2011.  

 

Industry members are becoming more and more 

aware that in order to complete in this highly 

competitive market, the adoption of these “new” 

methods is necessary since projects are continuously 

starting to be delivered cheaper and faster.  63% of 

those using prefabrication techniques have been using 

it for five years or more and most believe that 98% are 

expected to use some sort of prefabrication on some 

projects in the future1. With growing acceptance, 

utilizing prefabrication and modular construction is 

less costly, faster, and provides a simpler means of 

construction 

Key Drivers for Prefabrication 

There are many drivers that owners, designers, and 

builders consider when implementing the use of 

prefabrication and modularization.  Figure 3.4 on 

the right shows the percentages of what the key 

player believe to be the main driver for using 

prefabrication. As shown, the most important driver 

to the usage of prefabrication is the ability to 

improve productivity. This is extremely important to 

contractors as 92% of them believe this. All key 

players also see these techniques as increasing their 

competitive advantage in the marketplace. Among 

all players, the primary reason they are not using 

prefabrication and modularization on some or all of 

their projects is that the architect did not design it 

into their projects. Owner resistance was the 

primary reason given by architect users for not 

including prefabrication and modularization into 

their designs.1 This is most likely due to the fact that 

many owners still believe in the rumor of modular 

structures being of poor quality. 
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Model-Driven (BIM) Prefabrication  

As stated earlier, the use of BIM is on the rise in the industry and is expected to drive the increased use 

of prefabrication and modularization. BIM models provide the project team with the ability to 

experience the project before it’s built. Design intent can thus be interpreted and the information can 

be used to create instructions for fabricating building components. The design of prefabricated units are 

developed in the beginning stages with all necessary building system trades heavily involved in 

coordinating and setting tolerances. BIM enabling prefabrication is projected to increase as the years go 

by. Figure 3.5 below shows the percentage of respondents that used BIM to help with prefabrication. 

The survey was taken in 2011 and projects those percentages for 2013. 

In a recent study about the use of BIM on green 

projects, McGraw-Hill Construction found that 

the use of BIM model-driven prefabrication on 

more than one quarter of their projects is 

expected to increase from 37% to 73% among 

practitioners who use BIM for green work. Even 

those who are currently not using green BIM 

expect an increase from 22% to 57%. BIM helps 

enable prefabrication of tightly integrated MEP 

systems, allowing designers to maximize space 

for other uses in high-tech buildings like 

hospitals.1 

Respondents also stated that when using BIM on 

their projects, they experienced a schedule 

decrease of four weeks or more due to their use 

of prefabrication methods.  

Advantages of Applying Prefabrication 

Prefabrication provides multiple benefits to all members involved in the project. Productivity 

improvement is the primary advantage of using prefabrication as shown above; it was the primary driver 

that all key members agreed upon. Improved productivity results in providing benefits to the project 

schedule, cost, safety, and quality. Since prefabricated units are built off-site, laborers have the benefit 

of having all the necessary tools and equipment readily available at all times without the worry of 

needing to walk back and forth from their site trailers to the building. This process can also begin at the 

earliest stages of the project simultaneously while on-site building components are being stick-built. 

The overall cost for a prefabricated project can be less as a result compared to the traditional stick-built 

under certain instances. The ability to have an off-site assembling warehouse provides a safe location 

where work can continue even during severe conditions and weather problems that would have caused 

major delays during stick-built construction. Most importantly, project safety is increased significantly as 

the risk of on-site accidents occurring is minimized. The warehouse provides a safe and productive 

Figure 3.5 – BIM use for Prefabrication  

Image from McGraw Hill Construction
1 
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environment for laborers. This controlled environment also improves the quality as repetitive 

procedures and activities can be complete with the use of automated machinery which is not possible 

on-site. Waste is also reduced since laborers have access to precise shapes and sizes of the necessary 

material that may be needed. As can be seen, prefabrication and modularization has many benefits, 

thus the reason for the increase in popularity throughout the years. 

Application of Prefabrication 

With the increase in popularity of prefabrication 

and modularization, many types of different 

building projects demonstrate its feasibility for 

projects other than single homes. As shown in 

Figure 3.6 on the right, the largest sectors 

utilizing prefabrication methods are:  

 Healthcare (49%) 

 Higher education (42%) 

 Manufacturing (42%) 

 Low-Rise Office (40%) 

 Public (40%) 

Healthcare is the largest sector that uses 

prefabrication due to the interior layout of 

hospital rooms being very similar. The use of 

prefabrication allows for greater high-tech 

design for these projects as more space is 

available due to the efficient use of the design 

of the modularized component.  Higher 

education projects such as dormitories are also 

well-suited for prefabrication. Dorms and 

classrooms allow for whole room designs to be 

modularized. All of these projects as a result 

benefit with faster construction schedules due 

to the implementation of prefabrication. 

Some sectors that have the greatest chance to 

increase prefabrication use include hotels and 

commercial warehouses. The repetition of 

architectural designs and building system 

components drive prefabrication, but jobsite 

conditions are another influence that must be 

considered.  

  

Figure 3.6 – Building Sector use of Prefabrication  

Image from McGraw Hill Construction
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Jobsite Influence on Prefabrication 

Jobsite conditions can greatly influence the need for a project to use prefabrication methods. This 

influence is also joined by any critical issues of site logistics that may be present. It is important to 

carefully analyze the jobsite conditions in order for prefabrication methods to be successfully used. The 

important factors that need to be considered include: jobsite accessibility, number of stories, building 

layout, and the type of build exterior.  

Jobsite accessibility is critical due to the fact that many trips may be necessary for the delivery of the 

prefabricated components. However, prefabrication is beneficial for projects with severe site 

restrictions since it can prevent site congestion throughout the construction process. The number of 

stories is a factor due to the lifting requirements that will be associated with higher structures. Greater 

coordination and consideration in crane lifting capacities will need to be considered with modules and 

components being delivered to site. Depending on the sizes and weights of these modularized 

components, they may not be feasible for the project if a large crane will not fit on site.  

Most Commonly Used Prefabrication Building Elements 

The most commonly used building elements 

that are typically prefabricated include: MEP 

systems, exterior wall assemblies, and the 

building superstructure. As shown in Figure 3.7, 

the building system that uses the most 

prefabrication is the building superstructure 

(27%). Following that is MEP systems (21%) and 

Exterior Walls (20%). The black percentage 

numbers outline the percentage of respondents 

that use that specific building system for 

prefabrication.   

Prefabricated building superstructures normally 

consist of components above the foundation of 

the building. Prefabricated MEP systems, the 

main focus of this analysis, can consist of all 

MEP related materials such as conduit, duct 

banks, dampers, elbows, etc. These MEP 

components are typically prefabricated on racks where they can just be installed right on site in the 

corridor and the necessary attachments between each rack are made. Complete exterior wall 

assemblies can also be prefabricated in a controlled environment. These assemblies can be made with a 

variety of finishes which include brick, tile, culture stone, stucco, or EIFS. All the systems outlined 

possess the opportunity for prefabrication and have a great chance of saving time and cost to any 

project. 

Figure 3.7 – Common Prefabricated Systems  

Image from McGraw Hill Construction
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Research Conclusion   

Although the technique of modularization and prefabrication dates back to the 17th century, it has 

started to increase in popularity again as many key members in the construction industry are realizing 

the benefits it provides.  Some of these benefits include improved productivity, lower costs, reduced 

schedules, and increased safety. The emergence of BIM is greatly influencing design and construction 

processes and how project teams collaborate. BIM is a great enabler for prefabrication as BIM models 

provide the project team with the ability to experience the project before it’s built. Thus, design intent 

can be interpreted and the information can be used to create instructions for fabricating building 

components. Although prefabrication is not suited for every type of project, jobsite conditions must be 

carefully analyzed when considering prefabrication. Almost every major building system that goes into 

the construction of a project can be prefabricated at an off-site warehouse and shipped to site, reducing 

the amount of traditional stick-built construction taking place. After conducting extensive research on 

prefabrication and the project influences and systems that can be prefabricated, the feasibility of 

utilizing a corridor MEP rack the Mary J. Drexel project is possible.   
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-- Mary J. Drexel Project & Prefabricated MEP Corridor Racks -- 

The MEP systems for the Mary J. Drexel project were constructed under a Design-Build contract utilizing 

BIM. This allows for 3D modeling and clash detection to be used when designing the systems. Although 

there was no problem with the design of the systems and the layout, many unforeseen delays arose 

prior to the start of the MEP trades starting their work. This led to a need for an increase in manpower 

and productivity in regards to the MEP systems installation. Thus, extra crews were forced to be 

employed for the MEP trades in order to meet the scheduled deadlines. This aspect of the project may 

have benefitted if prefabrication techniques were used such as a prefabricated MEP corridor rack. In 

order for a better understanding to be reached for the potential success of this implementation, some 

of the prefabrication drivers need to be further analyzed. 

 Jobsite 

As mentioned, it is important to carefully analyze the jobsite conditions in order for prefabrication 

methods to be successfully used. The Mary J. Drexel site can become a congested site very quickly if 

careful consideration is not taken when subcontractors and others are arriving on site. Utilizing 

prefabrication will allow for this congestion to be reduced since the amounts of MEP materials do not 

need to be stored or placed on site during construction. 

Not only will this allow the construction site to become 

less congested, it will also allow for the MEP trades to start 

their work at an off-site warehouse before any significant 

milestones are reached such a building dry-in. The best 

approach to bring in the MEP corridor racks will be to 

utilize “just-in-time” (JIT) delivery from the prefabrication 

shop to the construction site. Any transportation 

restrictions and requirements might complicate deliveries 

to the site as well. Fortunately, the plumbing 

subcontractor, Worth and Company, has the capability to 

use a prefabrication shop of their own.  

Prefabrication Warehouse Location  

Worth and Company is a full-service mechanical and 

plumbing contractor in the Mid-Atlantic region. Knowing 

that one of the contractors on the project has the 

capability of using a prefabrication facility is a major factor 

that will allow for a push for the fabrication of the 

proposed corridor racks. As shown in Figure 3.8 on the left, 

the facility is only located approximately 39 miles away 

from the jobsite. Having this capability and only being 50 

minutes away from the jobsite is a great benefit to have. Figure 3.8 – Prefab Facility Route to Jobsite 

Image from Google Maps 
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Project Design & Area of Implementation 

In determining which areas of the corridor will best be suited for the MEP corridor rack, it is critical to 

understand and consider logistical issues that may be associated. The number of stories, building 

exterior, and the layout of the interior are important aspects that may impact whether or not the MEP 

corridor racks can be prefabricated. Fortunately, the project is only two stories and there are plenty of 

areas where an opening can be left for the racks to be brought in. The easiest location to bring in the 

racks would be from the centrally located terraces in each floor of each wing as shown in Figure 3.9 

below.  

  

Figure 3.9 – Terrace location for West Wing (left) and East Wing (right) 

 

The terraces (shown in green above) are a perfect location for any large component to be brought into 

the building after or during the exterior of the building is being completed. The three bay window 

opening highlighted in red allows for anything with a width of 10 feet to be brought in. The corridors 

have a width of 6 feet, thus the maximum width that the corridor racks can be are 6 feet. The MEP 

corridor racks will easily fit through into the large open lobby space during construction. They will be 

able to be wheeled to the necessary location in the corridor and then jacked up and installed in place 

when the time is necessary. 
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MEP Corridor Rack Design 

When considering the design of the interior, ceiling height is important. Throughout the corridors there 

are areas that have varying arched ceilings which will make it difficult for designing MEP corridor racks. 

Since these varying ceiling heights will make it the design a challenge, these areas will not implement 

MEP corridor racks and will be stick-built prior to the MEP racks being installed. Tolerances will be left so 

that once the racks are installed; easy connections between the stick-built construction and 

prefabricated construction can be made. The typical corridor ceiling height above the finished floor is 

8’6” leaving approximately three feet above the ceiling for all MEP and other building system work. 

These areas are marked in green on Figure 3.10 on the following page. Areas marked in red represent 

the arched ceiling areas where a corridor rack will not be feasible. 

 

 

 

Figure 3.10 – Ceiling Heights West Wing (left) and East Wing (right) 

 

The following design constraints are then developed for the rack design. 

Design Basis for Corridor Rack: 

 Width = 6’ (max width of corridor) 

 Height = 2.5’ (11’6” – 8’6” = 3’ – 6” for extra clearance AFF) 

 Length = 10’* 

* Lengths can be adjusted to different lengths if necessary (under professional design) 
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In order to design the placement of MEP components for the rack design, coordination drawings that 

were developed during the Design Build phase of the project. As stated earlier, clash detection allowed 

many of the MEP systems to be worked around each other. Analyzing the corridor components was 

important to determine if there was too much variation of the systems. If there was, then implementing 

a prefabricated MEP corridor rack would have proven to be more difficult. However, this proved not to 

be the case and much of the MEP system components were designed identical throughout each corridor 

and floor. The only differences that were noticed included small variations of duct sizes, amount of 

electrical raceway conduit running along parts of the corridor, and areas where supply air ducts 

extended into the resident units. After taking all the necessary items into consideration, a sample 

corridor rack was designed as shown in Figure 3.11 and Figure 3.12. 

 
 

 Supply Air Duct 

 Return Air Duct 

 Outside Air Duct 

 Domestic Cold Water Supply 

 Domestic Hot Water Supply 

 Domestic Hot Water Recirculate 

 Sprinkler Piping 

 Electrical Conduit Raceway 

 Cable Tray 

 Acoustical Ceiling Grid 
 

Figure 3.11 – Sample MEP Corridor Rack Design – 3D View 
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Figure 3.12 – Sample MEP Corridor Rack Design – Front View 

 

As can be seen in the above figures, the sample corridor rack designed contains plenty of clearance 

where stick-built mechanical ductwork, piping, cabling, etc. can be installed and connected to the 

corridor. A great advantage of this design is that much of the ductwork connections that do extend out 

into the resident units are flexible ducts and those can be simply attached to the corridor rack. Although 

the project did not utilize a cabling rack like the one shown in the design above, it was built into this 

design to provide more visual on the amount of space that will be available in each rack. Having the 

large area of space for above ceiling work for the MEP and interior finish trades greatly increases the 

success of implementing MEP corridor racks for this project.  
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Results 

-- Schedule Savings -- 

The primary reason to use prefabricated MEP corridor racks is to attempt to reduce the overall project 

schedule by achieving a higher quality of construction and doing so in a safer environment. Due to the 

schedule delays seen on the project, the MEP trades were forced to employ extra laborers to meet the 

project schedule demands. Implementing prefabrication would definitely not allow for the extra labor 

demand. From all the MEP work performed on the project, the corridors account for about 30% of it. 

Due to the repetitious nature of the corridor racks and each floor for this project, it is safe to assume 

that the prefabrication installation rates can reduce the labor durations for this area of work by at least 

25%. Table 3.1 below shows the breakdown of the schedule reductions that are a result of the 

implementation of prefabricated MEP corridor racks. 

Activity 
Original Total 

Work (d) 
Original Corridor 

Work Duration (d) 
Prefab Corridor Rack 

Duration (d) 
Total Corridor 
Reduction (d) 

Mechanical 20 6 4.5 1.5 

Electrical 20 6 4.5 1.5 

Plumbing 25 8 6 2 

Fire Protection 15 5 3.75 1.25 

TOTAL 
 

25 18.75 6.25 

Table 3.1 – Schedule Duration Summary for MEP Corridor Work per floor 

As can be seen, by providing prefabricated MEP corridor racks on this project, an average of 1.5 days 

was saved for each trade per floor. Being on the critical path of the project, this allows for each floor to 

reduce their total construction duration by 6.25 days and allowing for the total project schedule to be 

reduced by this much as well.  

-- Cost Savings -- 

To determine the total cost savings that can be achieved by implementing a prefabricated MEP corridor 

rack, analysis of labor costs and general conditions costs will be performed. One of the major benefits 

associated with prefabrication as stated many times above is the availability of using an off-site facility 

to complete work. Labor costs associated with on-site and off-site construction efforts can provide 

significant savings. By providing only 5 laborers for each trade to complete work off-site for the 

prefabrication of the MEP corridor racks, the average daily savings per day is $3,340. With the 6.25 day 

reduction summarized above, this results in a total of $20,875 in labor savings for one week. Table 3.2 

on the following page outlines the total potential labor savings mentioned. 
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Labor Rates On-Site vs Off-Site (Prefabrication) 

Trade 

Hourly Wages 

# of Laborers 

Daily Costs 

On-Site 
($/hr) 

Off-Site 
($/hr) 

On-Site 
($/hr) 

Off-Site ($/hr) 

Mechanical $83.55 $62.66 5 $3,342.00 $2,506.50 

Electrical $79.85 $59.89 5 $3,194.00 $2,395.50 

Plumbing $86.90 $65.18 5 $3,476.00 $2,607.00 

Fire Protection $83.70 $62.78 5 $3,348.00 $2,511.00 

Total Daily Labor Costs $13,360.00 $10,020.00 

Total Labor Savings / Day $3,340.00 

Total Labor Savings (6.25 days) $20,875.00 

Table 3.2 – Total Potential Labor Savings (On-Site vs Off-Site) (6.25 days result) 

This analysis proved to be successful in reducing the project schedule by one week. Had the project 

team and owner implemented prefabrication techniques such as MEP corridor racks on this project, the 

general conditions cost savings are outlined in Table 3.3 below. 

General Conditions – Potential Cost Savings 

  Description Quantity Unit Cost/Unit Amount 

  Project Management Team       $13,238 

    Project Executive (10%) .25 Mo. $2,050.00 $513 

    Field Operations Manager (10%) .25 Mo. $1,700.00 $425 

    Project Manager  .25 Mo. $16,000.00 $4,000 

    Superintendent .25 Mo. $15,500.00 $3,875 

    Project Engineer .25 Mo. $11,200.00 $2,800 

    Project Assistant (50%) .25 Mo. $4,000.00 $1,000 

    Laborer (50%) .25 Mo. $2,500.00 $625 

  Site Conditions       $1,000 

    Temporary Phone .25 Mo. $750.00 $188 

    Temporary Toilets (4) .25 Mo. $600.00 $150 

    Drinking Water .25 Mo. $150.00 $38 

    Dumpsters (2) .25 Mo. $2,500.00 $625 

  Field Operations       $19 

    Field Office/Trailer - use existing facilities 0 Mo. $0.00 $0 

    Storage Trailers - use existing facilities 0 Mo. $0.00 $0 

    Job Office Supplies .25 Mo. $77.40 $19 

TOTAL $14,257 

       Table 3.3 –  Total Potential General Conditions Cost Savings (1 week results) 

Implementing the prefabricated MEP racks resulted in providing $14,257 in cost savings to general 

conditions due to the one week reduction in schedule. If the $57,027 cost savings from the improved 

project schedule from Analysis #1 is also implemented, these two analyses would have provided the 

owner with $71,284 in general conditions cost savings in total. 
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Conclusion 

In conclusion of this analysis, it is recommended that the project team and owner should have 

considered using prefabrication techniques to improve the overall quality of the project while reducing 

cost control and schedule. Not only does prefabrication reduce the overall cost and time of the project, 

but also allows for the simplification of complex MEP work. Critical path items tend to be some of the 

most complex components of a building project, and by simplifying them; prefabrication reduces risk in 

safety by reducing site congestion and overhead work. The implementation of prefabricated MEP 

Corridor Racks resulted in reducing the overall project schedule by 1 week. This then results in a $14,257 

cost savings in general conditions and $20,875 in labor costs based on work being performed on-site or 

off-site. 
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Problem Identification 

Although many value engineering efforts were made to benefit the owner, very few sustainable 

techniques were considered that could have provided more financial benefit to the owner over the life 

cycle of the facility. Many of the value engineering decisions were made based on lowering initial capital 

cost without much consideration into future economic advantages. 

Background Information 

The value engineering item that brought this analysis to consideration was the elimination of the 

concrete roof deck. Instead an EPDM roofing system was proposed and approved to be used. The 

implementation of an EPDM roofing system did allow for a significant cost savings to the owner, but the 

sole reason this was accepted was just to reduce the initial capital cost of the project. 

This project is not achieving any LEED accreditation and not many sustainable features were employed. 

Incorporating a green roof into the project however not only benefits the owner, but also benefits the 

building occupants as well and the environment. Green roofs have become increasingly popular in 

building design because of their exceptional performance in reducing energy use, reducing air pollution 

and greenhouse gas emi0ssions, improving human health and comfort, and enhancing storm-water 

management and water quality. Since the occupants of this facility will house elderly persons, potential 

noise reduction would be another great advantage for the green roof system. This is especially beneficial 

since Belmont Avenue is a highly traveled road throughout the entire day. 

Analysis Goals 

The main goal of this analysis is to complete an in-depth study of green roofing systems and the possible 

implementation on the Mary J. Drexel project. Background information will be provided on the types of 

green roofing systems and the advantages and disadvantages between EPDM roofs and green roofs will 

be outlined as well. Ultimately, a recommendation will be given to the owner whether or not the facility 

could have benefited from the implementation of a green roof. 

Furthermore, an analysis of the additional load that the green rood system will add to the existing 

structure will be performed to determine if this additional load can be supported. Additionally, an 

acoustical analysis will be conducted to determine the impact the green roof system might have on the 

elderly residents occupying the facility and if any noise reduction will follow this implementation. From 

here, costs associated with the green roof system will be calculated along with a lifecycle cost analysis to 

determine the feasibility of the implementation.  

Upon completion of this analysis, it is expected that the Mary J. Drexel Home will benefit from 

incorporating a green roof system in lieu of the value engineered EPDM roof system. Although the start-

up costs may be expensive, the lifecycle costs will outweigh that of the EPDM roof.  
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Green Roof System Information 

In order to ensure the success of this analysis, background research on green roofing systems was 

completed. There are two major types of green roof systems; intensive and extensive. The main 

difference between the two types, as shown in Figure 4.1 below, is in the amount of vegetation and 

growing medium. 

  
Figure 4.1 –  Intensive vs. Extensive green roof systems – Image from University of Maryland SO GREEN Team 

Intensive Green Roof Systems 

As can be seen from Figure 4.1 above, intensive green roof systems incorporate all sizes and types of 

plants. These planting mediums do have a greater depth than extensive roofing systems with a starting 

depth of 6”. The deep soil allows for the larger vegetation to be accommodated. These types of roofs 

also may include paths and walkways to allow travel between the spaces for occupants depending on 

the building. When this type of roof is installed and the vegetation is moist, the typical added weight to 

a structure can range from 80-150 pounds per square foot (psf). The advantages of this system include 

better storm-water management, increased insulation properties, and greater plant diversity. 
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Extensive Green Roof Systems 

On the other hand, extensive green roofs are often used on inaccessible roofs that are only accessible by 

maintenance personnel. The planting mediums associated with this type of roof have shallow depths of 

3- 6” and support very lightweight plants and grass. Therefore, the design of this system is important to 

provide increased insulation properties and storm-water management, but not to the same extent as 

intensive systems. The benefit of using this system not only provides better thermal ratings and water 

usage, but keeps the overall weight of the roof system low with a range of 15-50 psf when fully 

saturated depending on medium depth. They also are less expensive than intensive systems and provide 

a better return on investment.  

In addition to these two types of green roof systems, there are two construction methods that can be 

used when installing them. One way is the conventional way which involves the laying down of every 

layer of the system one by one. The other is a pre-manufactured system which allows for an increase in 

installation time. These pre-manufactured systems come in modular trays, as shown in Figure 4.2 below, 

which contain most of the layers except for the waterproofing membrane and protection fabric.  

 

 
 

Figure 4.2 –  Typical Modular Green Roof Tray – Image from EHS Journal 
 

 

 

 

http://ehsjournal.org/http:/ehsjournal.org/barbara-denson/introduction-to-green-roofs-2/2010/
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Advantages and Disadvantages of Green Roofs 

-- Advantages -- 

 Energy Efficiency 

o Offers greater insulation properties, thus reducing amount of energy needed to control 

temperature of a building. 

o Traditional roofs are where most of the heat loss comes from in the winter and have the 

hottest temperatures in the summer. 

 Storm-water Management 

o Water is stored by the substrate and absorbed by the plants.  

o Reduces amount of storm-water runoff, resulting in decreased stress on storm-water 

system. 

 Increased Roofing Membrane Durability (Life-Cycle) 

o Reduces the amount of temperature fluctuation faced by the membrane. 

o Traditional roofs need to be replaced every 15-20 years due to direct sunlight exposure 

and temperature fluctuations. 

 Fire Retardation 

 Noise Reduction 

-- Disadvantages -- 

 Initial Cost 

o Higher initial cost to build than traditional roofs 

 Stronger structural system (if necessary) 

 Maintenance required (depending on type of system used) 

As described, green roofs have numerous advantages compared to disadvantages. However, please note 

that many of these advantages and disadvantages listed will vary by region, climate, and building type as 

each installation is unique. 

Although green roof systems usually inquire a higher initial cost, the longer life-span compared to 

traditional roofs offsets this cost. Also, reduction in engineering costs for systems such as storm-water 

reduction, energy systems, and others are incentives to utilize a green roof system. 
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Green Roof System Design 

For this analysis, an extensive green roof system will be utilized when comparing to the value 

engineering EPDM roof system. The proposed design of the green roof is located on both the East & 

West Wing of the project. The proposed green roof design will be implemented over the residential unit 

areas and not over the lobby areas due to the mechanical equipment in that area. Since there needs to 

be at least three feet of walking space for maintenance crews and the mechanical equipment on the 

rooftop take up area, it will not be reasonable to place a small amount of green roof pods in this area. 

Due to their similar size and shape a structural analysis will be performed on one of the wings to 

determine the feasibility of implementing such a system. 

Figure 4.3 below outlines the areas of the West and East wing that will have the green roof system 

implemented. The proposed design will cover approximately 9,500 square feet. 

 

 
 

Figure 4.3 – West Wing (above) - 4,500 SF & East Wing (below) - 5,000 SF – Image from SFCS 
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The green roof system chosen will also be a pre-manufactured system, specifically from Hydrotech 

USA®. The Garden Tray GT15® modular tray allows for quicker installation over conventional systems 

and can be installed directly on metal roof decks due their lightweight construction. Looking at the 

product data sheet provided by Hydrotech®, the Garden Tray GT15® is loose laid over the roofing 

membrane insulation and protection fabric. The following technical data is also given: 

 Dimensions:  18 in. X 22 in. 

 Coverage:  2.75 ft2 

 Height/Depth: 4 in. 

 Weight:  approx. 29 psf (filled,wet) 

* Product Data taken from Hydrotech USA Resource Center 

To perform a structural analysis, a saturated weight of 29 psf will be used.    

 Structural Analysis (Breadth #1) 

With the implementation of the green roof system, a structural analysis must be performed to 

determine if the additional load can be supported by the existing structure. The roof currently consists 

of tapered rigid insulation averaging a depth of 10” on a 4-½” metal deck topped with a ½” insulation 

board. The majority of the building is composed of load-bearing metal stud wall panels. The additional 

loads on the metal stud panels will need to be analyzed to determine the feasibility of the green roof 

system. Figure 4.4 below outlines a section of the EPDM roof system. 

 

 

 

Figure 4.4 –  EPDM Roof Section – Image from SFCS 

 

 

Note: All calculations and sizing methods used in this breadth study were learned in Architectural Engineering (AE) 

404: Building Structural Systems in Steel and Concrete & Civil Engineering (CE) 397A: Geotechnical Engineering. 

Outside advice was asked from advisors and structural students for any calculations and questions not learned in 

the courses mentioned above. 

Flexible Sheet Membrane 

Rigid Insulation 

4-1/2” Metal Deck 

Fireproofing 
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-- Design Loads -- 

The structural drawings provided by the architect and structural engineer dictated the loads that the 

load-bearing panel walls would provide throughout both buildings. These loads were used by the metal 

stud panel designer to size and design the prefabricated panels. Prior to analyzing the impact the green 

roof system may have on the wall panels, calculations were made to determine the average roof loading 

based on the loads given by the structural engineer on the drawings. Figure 4.5 below shows some of 

the given loads that were used to determine the average roof load.  

Note: Dimensions shown in red are not exact but approximates that were used for calculations. 

 
Figure 4.5 – 2

nd
 Floor loads given on structural drawings for panel design – Image from project drawings 

 

When determining the average roof load, each load given was divided by its respective tributary area as 

follows: 
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Understanding that the average roof load was 90 psf, Table 4.1 was developed to outline all the 

assumed roof loads of the current roof deck compared to the Hydrotech® green roof system. All design 

loads were obtained either from the structural drawings, product data sheets, or 2009 International 

Building Code.  

*See Appendix E for the data sheets used to obtain design loads. 

 

Description EPDM Roof Hydrotech® GT15TM Module 

4-½” 18 GA Metal Deck 5 psf 5 psf 

Avg. 10” Rigid Insulation 5 psf 5 psf 

MEP + Fire Protection  15 psf 15 psf 

Ceiling 4 psf 4 psf 

Miscellaneous 10 psf 10 psf 

4” Garden Tray GT15TM - 29 psf 

Total Dead Load 39 psf 68 psf 

Total Roof Live Load 20 psf 20 psf 

Total Snow Load 23.1 psf 23.1 psf 

Table 4.1 – Assumed Dead and Live Loading of EPDM Roof and Hydrotech® Green Roof 

As mentioned prior, the HydroTech® system increases the load by 29 psf which makes the total dead 

load on the roof increase form 39 psf to 68 psf.  

-- Total Load -- 

Using Equation 16-2 in Section 1605 – Load Combinations of the 2009 International Building Code, the 

total load combination of dead and live loads can be calculated. 

 Factored Distributed Load: 

o WTOTAL = 1.2D + 1.6L + 0.5S (Equation 16-2) 

 WTOTAL = (1.2)(68)+(1.6)(20)+(0.5)(23.1) = 125 psf 
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-- Roof Deck Calculation Check -- 

After calculating the total load the existing roof structure is experiencing due to the addition of the 

green roof system, the current roof deck will be analyzed to ensure it is feasible for this application. The 

existing roof deck as mentioned before is composed of a 4-½” 18 gage metal deck. After searching for 

the product load tables from Epic Metals, it was realized that the load tables are based on ASD Design. 

All calculations and sizing methods that were learned in AE 404 were based on LRFD Design. Thus, a 

similar roof deck from Metal Dek Group® was found that used LRFD.  

Using the total factored load of 125 psf and the data from the manufactures roof deck product sheet, 

the roof deck can be analyzed. 

Deck Conditions: Double Span @ 16’-0” | 18 Gage | Weight = 4.20 psf 

Strength and Deflection are the two conditions must be met in order for the current deck to be 

substantial enough for the additional load by the green roof system. 

 Strength (Max superimposed factored LRFD dead + live load): 

o Allowable total (psf) ≥ WTOTAL (factored) (psf) 

 Allowable total = 138 psf 

 WTOTAL = 125 psf (calculated earlier in total load) 

 138 psf ≥ 125 psf.  

Therefore, the addition of the green roof meets the strength limitation of the current roof deck. 

 Deflection (Max. superimposed unfactored LRFD dead + live load): 

o Load causing deflection (psf) ≥ WTOTAL (unfactored) 

 Load causing deflection = 138 psf 

 WTOTAL = 68 psf + 20 psf + 23.1 psf = 111.1 psf 

 138 psf ≥ 111.1 psf.  

Therefore, the addition of the green roof meets the deflection limitation of the current roof deck. 

 

After checking the conditions, the existing Epic Metal 4-½”18 gage metal deck is acceptable to 

accommodate the Hydrotech® GT15TM module green roof system. 

 

 

*See Appendix E for the data sheets used to obtain design loads. 
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-- Metal Stud Wall Panel Calculation Check -- 

After determining the green roof system’s impact on the metal roof deck, the next logical step is to 

analyze how it affects the main structure composed of load-bearing metal stud wall panels. Although 

stud calculations were not learned in AE 404, extra research and guidance from structural students and 

advisors was necessary for this part of the structural analysis. 

 

To start, a typical bay of a single residential unit was outlined to identify the wall panel layout 

throughout the areas that will be affected. This is shown in Figure 4.6 below. 

 

 

 
 

Figure 4.6 – 2
nd

 Floor panel layout (2000 series) – Image from project shop drawings 
 

 

The red dashed line outlines a typical residential unit and the blue lines highlight the panels affected in 

an individual room. The first floor panel layout (1000 series) is identical on the second floor (2000 series) 

as shown; the only difference is the numbering of panels, which help the erectors when installing them. 

In order for these wall panels to be designed, the structural engineer provides the load data to the metal 

fabricator who then performs their own structural calculations to determine the sizing and spacing of 

the metal studs in the panels. Each panel is given a wall type label that helps give a better understanding 

of the exact loads a certain panel will be experiencing. Table 4.2 on the following page outlines the wall 

loads that each wall panel type will experience between the roof to second floor and from the second 

floor to the ground floor. 

 

 



 

 
 

April 09, 2014 Final Report  

The Mary J. Drexel Home Assisted Living Addition | Gjon Tomaj     44 

 

Gravity Wall Loads 

Wall 
Type 

Interior / 
Exterior  

Roof to 2nd Floor 2nd to Ground Floor 

Total Load (plf) Total Load (plf) 

W1 Interior 3050 1050 

W2 Interior 3590 1290 

W3 Exterior 2010 720 

W4 Exterior 1440 540 

W5 Interior 4300 1350 

W6 Exterior 2350 720 

W7 Interior 1380 440 

Table 4.2 – Total Gravity Wall Loads 

Using these given gravity loads, calculations were performed to determine the typical stud load for each 

type of wall panel (W1-W7). In order for these calculations to be performed, the wall panel designer 

used ClarkDietrich cold-formed structural framing products and the allowable axial & lateral load tables 

were necessary. Using these load tables to identify the axial load that can be supported by each metal 

stud member under the given wall lateral load conditions from Table 4.2, the stud capacity can be 

determined. 

 

Stud Capacity 

 

Design Criteria: 

 Exterior Wall Panel Wind Pressure = 25 psf 

 Interior Wall Panel Wind Pressure = 5 psf 

 Overall Panel Height = 11’ 

 Spacing = 16” o.c. 

 All loads are unfactored 

 

The structural members that were used per each wall panel type are outlined in Table 4.3 below: 

 

Metal Studs Used for Design 

Wall Type Roof to 2nd Floor 2nd to Ground Floor 

W1 600-S-162-43 600-S-162-54 

W2 600-S-162-43 600-S-162-54 

W3 600-S-162-43 600-S-162-54 

W4 600-S-162-43 600-S-250-43 

W5 600-S-162-43 600-S-200-54 

W6 600-S-162-43 600-S-162-54 

W7 600-S-162-43 600-S-162-43 

Table 4.3 – ClarkDietrich Structural Members used in wall panel design 
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The coding of the products used consists of four parts: 

Depth = 600 = 6.00” 

Structural Stud = S 

Flange Width = 162 = 1.625” 

Thickness = 54 mils 

 

Since the load tables provide stud lengths in two foot intervals, in order to find the capacity for an 11’ 

length interpolation was needed. After interpolating for each wall panel type and given stud members, 

the following Table 4.4 and Table 4.5 give the maximum capacity a single metal stud member can 

support. 

 

2000 Series (2nd Floor Panels) 

Wall 
Type 

Total Load 
(plf) 

Stud 
Spacing (in) 

Interior / 
Exterior 

Capacity 
(lbs) 

W1 1050 16 Interior 3145 

W2 1290 16 Interior 3145 

W3 720 16 Exterior 1885 

W4 540 16 Exterior 1885 

W5 1350 16 Interior 3145 

W6 720 16 Exterior 1885 

W7 440 16 Interior 3145 

Table 4.4 –Second floor panel load capacities 

1000 Series (1st Floor Panels) 

Wall 
Type 

Total 
Load (plf) 

Stud 
Spacing (in) 

Interior / 
Exterior 

Capacity 
(lbs) 

W1 3050 16 Interior 5355 

W2 3590 16 Interior 5355 

W3 2010 16 Exterior 4105 

W4 1440 16 Exterior 2730 

W5 4300 16 Interior 6800 

W6 2350 16 Exterior 4105 

W7 1380 16 Interior 3145 

Table 4.5 – First floor panel load capacities 

 

 

 

*See Appendix F for load tables from the Technical Design Guide for Cold-Formed Structural Framing 
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Metal Wall Panel Calculation Check 

With the capacity for each wall type calculated, the next step is to determine the impact the green roof 

load has on the existing wall panels. The best way to approach the additional load of the green roof is to 

add the 29 psf additional load to each wall type and check if the capacities of the metal studs originally 

designed are sufficient enough to support the new roof system. Note, the loads used are unfactored, so 

the 29 psf green roof load does not need to be factored when performing the calculations.  

The green roof load is then multiplied by the respective tributary area that affects each wall panel type 

to find the additional load in pounds per linear foot. Referencing back to Figure 4.5, the tributary area 

that will be used for interior panels will be 16 feet and for exterior panels will be 8 feet. Panel 2247 in 

Figure 4.5 is a W2 type wall panel and these panels will use a tributary width of 13 feet. 

Wall panel type W2 on the first floor will be used as an example calculation: 

Design Criteria: 

 Original Total Load (TL) = 3590 plf 

 Green Roof Load (GL) = 29 psf 

 Tributary Width (Tw) = 8’ + 5’ = 13’  

 Spacing (s) = 16” = 1.33’ 

 

Typical Stud Load (lbs): 

o P = [ TL + (GL)(Tw) ] (s) 

 P = [ 3590 plf + (29 psf)(13’) ](1.33’) 

 P = [ 3590 plf + 377 plf ] (1.33’) 

 P = (3967 plf)(1.33’) = 5289 lbs 

 5289 lbs < 5535 lbs  

Comparing the 5289 lbs just calculated to the original design capacity of 5355 lbs, the additional green 

roof load checks out for this wall panel type. The same calculation was repeated for each wall panel type 

with their respective tributary areas and Table 4.6 and Table 4.7 below and on the following page show 

the results for each floor. 

 

2000 Series (2nd Floor Panels) 

Wall Type TL (plf) 
New TL 

(plf) 
Stud Spacing 

(in) 
Interior / 
Exterior 

Typ Stud 
Load (lbs) 

Capacity (lbs) 

W1 1050 1514 16 Interior 2019 3145 

W2 1290 1522 16 Interior 2029 3145 

W3 720 952 16 Exterior 1269 1885 

W4 540 772 16 Exterior 1029 1885 

W5 1350 1814 16 Interior 2419 3145 

W6 720 952 16 Exterior 1269 1885 

W7 440 904 16 Interior 1205 3145 

Table 4.6 – Second floor panel load capacity calculation results 
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1000 Series (1st Floor Panels) 

Wall Type TL (plf) 
New TL 

(plf) 
Stud Spacing 

(in) 
Interior / 
Exterior 

Typ Stud 
Load (lbs) 

Capacity (lbs) 

W1 3050 3514 16 Interior 4685 5355 

W2 3590 3967 16 Interior 5289 5355 

W3 2010 2242 16 Exterior 2989 4105 

W4 1440 1672 16 Exterior 2229 2730 

W5 4300 4764 16 Interior 6352 6800 

W6 2350 2582 16 Exterior 3443 4105 

W7 1380 1844 16 Interior 2459 3145 

Table 4.7 – First floor panel load capacity calculation results 

After performing the calculations and checking the loading conditions for the existing metal panels, the 

addition of the green roof system will not impact the structural integrity that was originally designed. 

Since the roof deck and structural system have been analyzed, the next aspect of the system will be the 

foundation footing/depressed slab condition. 

-- Foundation Calculation Check -- 

It is important to check if the existing foundation slab will be able to support the additional load the 

green roof system added. The bearing capacity of the foundation and rebar sizing will be check with 

techniques learned from CE 209. The ultimate bearing capacity, qu, is the load per unit area in which any 

increase in load will cause an increase in foundation settlement, leading to failure of the soil. Figure 4.7 

below represents the thickened slab detail for the load bearing metal studs. 

 
Figure 4.7 – Thickened Slab Detail – Image from project drawings 
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Design Criteria: 

 Maximum Foundation Net Soil Bearing Pressure, qa = 4000 psf  

 Maximum Panel Load, P = 6,500 lbs (4800 plf)  

o Taken from max panel load at wall type W5 

 Concrete: 4,000 psi, Fs = 60 ksi 

Bearing 

        

             

                                             

      

                    (  )(  ) 

                               

With the maximum bearing load equaling 8,000 lbs and a max panel load of 6,500 lbs, the bearing 

checks out for the existing foundation. 
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Existing #5’s used are acceptable for the depressed slab condition. 

 

After performing a structural analysis, the current structural systems consisting of the metal roof deck, 

load-bearing metal panels, and depressed slab condition are all adequate enough to support the 

additional load of the green roof. 
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Acoustical Analysis (Breadth #2) 

Now with the structural design checked and accepted, the next analysis to be completed is an acoustical 

analysis. Any construction “barrier” or wall/floor system will be able to provide some sort of sound 

isolation depending on the materials and objects used. Analyzing whether or not a green roof system 

will improve the sound isolation of the roofing system is important as it may prove to be beneficial for 

the elderly occupants of the building. It is believed that green roofs have great potential to providing 

excellent sound isolation. This is mainly due to their high mass and their surface absorption 

characteristics.  

In analyzing sound reduction of partitions, the Sound Transmission Class (STC) is the most common 

measurement used. In order to understand STC furthermore, Transmission Loss (TL) is a measure of how 

much sound is reduced as it passes through a partition assembly. Transmission Loss data is report in 

decibels (dB), which is a simple measurement of how load a noise is. STC is measured by taking the TL 

data of a certain partition assembly and plotted on a Frequency vs TL plot. These TL data values are 

tested at 16 standard third-octave band frequencies over the range of 125 Hz to 4000 Hz. Typically; the 

STC value is the data point at the 500 Hz frequency level.  The greater the STC value the greater, the 

more insulating the assembly is. 

After performing some preliminary research on acoustical data for the current roof system and green 

roof system proposed, it seemed as if there was little to no actual data that could be found on the 

specific systems used on this project. In order to continue with this analysis, assumptions and 

typical/similar roof structures will have to be used to determine the impact of sound isolation. Since 

most STC values are given as one number and not much TL data is provided unless an actual acoustical 

experiment is performed, a general rule of a best fit curve formula that has been widely accepted by 

many acoustical researchers can be used for this analysis. Figure 4.8 shows a standard STC contour1 and 

the best fit curve formula. 

 
 

Figure 4.8 – Standard STC contour – Image from Architectural Acoustics by Madan Mehta, 2010 
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The best fit curve formula states the following: (1) The curve increases 3 dB every third-octave from 125 

Hz to 400 Hz, (2) Increases 1 dB from 500 Hz to 1125 Hz, (3) Increases by 0 dB after 1125 Hz. 

STC is not the only sound isolation value to be considered when calculating TL values. The Impact 

Insulation Class (IIC) is also used for predicting that amount of transmission loss. IIC measures the ability 

to block impact sounds such as people walking on the floor above, objects dropped, etc. For this project 

and current rood system, there will not be much structural impact noise where an IIC test would be 

needed. The rooftop air-handling units provide sound noise through the air and not much of a structural 

noise impact. It was decided that since the roof assembly does not have much impact noise that could 

be measured, analyzing the IIC would have a small impact or even how negligible data. 

-- Transmission Loss -- 

EPDM Roof System 

As mentioned earlier, with the lack of data that can be obtained on the current roof system and green 

roof system, similar structure assemblies have will have to be used. In regards to the current EPDM 

roofing system, the closest assembly that could be found was from SECUREROCK ®, the roof board 

manufacturer. A blog post on the website provided an overview of the STC for the typical EPDM roof 

assembly shown in Figure 4.9 below. This roof assembly was tested and achieved an STC rating of 415. 

 

 
 

Figure 4.9 – Typical EPDM Roof Assembly – Image from SECUREROCK® 

 

Although the current roof system has an average of 10” rigid insulation (that was used for the structural 

analysis) and an 18 gage steel deck, this system utilizes and extra piece of 5/8” SECUREROCK® roof 

board which increases the STC value. Overall this system seemed best to be used for this analysis as the 

minimum amount of insulation used on the current EPDM roof was 3.5” anyway. 
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Green Roof System 

The best approach in approximating the STC of the green roof system is by using a proxy scale based 

loosely on the “mass law” of acoustics2. The mass law states the sound insulation increases with the 

surface density (pounds per cubic foot, pcf). Theoretically, doubling the density increases the sound 

isolation by 6dB.    

"Actual growing media density and other variables such as the nature of the vegetation and the 

characteristics of the filter, drainage and protective layers obviously have an effect on the surface mass 

of a green roof system taken as a whole. Since the growing medium is typically the heaviest component 

of green roof systems, the density of the system is, for the sake of simplicity, defined here as its weight 

divided by the thickness of the growing medium layer. To compare green roof systems of various 

thickness, the weight of green roof systems in pounds per square foot must be divided by their thickness 

to yield density in pounds per cubic foot. Two materials with the same density and the same thickness 

will have the same mass for a given surface area2.” 

Using the 29 psf green roof load and the 4” planting medium thickness the density of the green roof is: 

                    
      

(
  
  

)
        

Since the mass law is based on the surface mass of materials, a comparison of the density of green roof 

to other materials will be able to identify whether or not the STC ratings of the material may be used as 

a proxy for the expected STC ratings of green roof systems. The material that was studied in Elizabeth 

Grant’s dissertation, "A Decision-Making Framework for Vegetated Roofing System Selection”, to have a 

similar density to green roof systems was that of lightweight concrete masonry unit (CMU) blocks. 

A 4” x 8” x 16” solid CMU block weighs 24.5 lbs. Calculating the density of the CMU block yields: 

                
        

[(
  
  ) (

  
  ) (

   
  )]

        

Comparing the two densities of the green roof medium and the CMU, it is apparent that the densities of 

these two components are similar. Thus, permitting the use of STC ratings of CMU as a close 

approximation for the green roof system proposed in this analysis. According to “Sound Transmission 

Class Ratings for Masonry Walls” by the National Concrete Masonry Association, the STC value for a 4” 

solid CMU block is 45.4 Adding one piece of 2” insulation further increases the STC rating by 3 dB for a 

total STC rating of 48 for the green roof system. This is assuming a 1/2" gypsum board provides the 

same STC value for the rigid insulation. 
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Referencing back to the best fit curve rule in Figure 4.8, the next step will be to plot the STC contour 

lines for the EPDM roof system and the green roof system. However, the 48 STC rating being used for 

the green roof system is only for the green roof and does not include the rest of the roof structure. 

Below Figure 4.10 shows each roof system’s STC contour individually. 

 
 

Figure 4.10 – STC Contour of EPDM and Green Roof 

Since the STC values are logarithmic values, they cannot simply be added. For example, since the green 

roof has an STC rating of 48 and the EPDM a rating of 41, the complete roof system STC rating is not 

equal to 89. In order for the complete roof system STC rating to be calculated, the STC contours of both 

the EPDM and green roof systems need to be plotted and the TL values will be used to find the intensity 

transmission coefficient, τ using the equation below.  

            ( ) 

     
(

  
   

)
 

Once the transmission coefficient is found for each roof system, new TL values for the complete roof 

structure will be calculated using the composite transmission loss equation below.  

     
         

  
 

τeff = effective transmission coefficient 

A1 = EPDM Roof Area |  τ1 = EPDM Transmission Coefficient 

A2 = Green Roof Area |  τ2 = Green Roof Transmission Coefficient 
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The new TL values will then be calculated by using the TL equation with the new effective transmission 

coefficient found. These values will then be plotted and the STC value of the complete green roof 

system and EPDM roof combined will be determined. Figure 4.11 depicts the results obtained from 

performing the calculations mentioned and shows the STC Contour of the complete roof system. 

 
 

Figure 4.11 – STC Contour of EPDM and Green Roof and Complete System 

As shown above, the complete STC system of the roof increases from the original STC rating of 41 to 44 

after the green roof is placed over the resident units throughout the East and West wings. Any change in 

STC level will cause a change in apparent loudness that can be heard. As a general rule of thumb, the 

Changes in STC/Changes in Apparent Loudness table below outlines how much loudness can be heard. 

Changes in STC Rating Changes in Apparent Loudness 

+/- 1 dB Almost imperceptible 

+/- 3 dB Just Imperceptible 

+/- 5 dB Clearly noticeable 

+/- 10 dB Twice (or half) as loud 

Clearly the green roof system with an STC rating of 48 compared to the EPDM STC rating of 41 has a 

noticeable sound reduction. Thus, providing a quieter atmosphere for the elderly occupant’s inside their 

units by 7 dB. 

 

*See Appendix G for all calculation tables and pages referenced in acoustical analysis. 
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Results 

-- Cost Impact -- 

A lifecycle cost analysis of green roof system being proposed should be conducted to determine the 

financial feasibility. Since the original concrete roof deck system was value engineered out and replaced 

with an EPDM roofing system, the green roof system may prove to be a better value engineering 

alternative system. 

Initial Up-Front Costs 

When comparing the Hydrotech® Green Roof system to the EPDM system, the initial cost of each system 

is a key factor that will be discussed when considering implementing the systems. Originally quoted in 

2012 the cost for the EPDM membrane system was $274,700. Utilizing the CPI Inflation Calculator on the 

United States Department of Labor webpage, the 2014 value is equivalent to $279,870. This value will 

be used to compare it to the 2014 cost data received for the green roof system. With the roof area equal 

to approximately 17,000 square feet, the EPDM roof system has a cost of $16.46 per square foot.  

After speaking to a Hydrotech® representative the average cost of the modular green roof tray system 

ranges from $26-$32 per square foot depending on the project and location. For this analysis an average 

of $29 per square foot will be used. Applying this figure to the 9,500 square feet proposed green roof 

system design will yield an initial cost of $275,500. With 7,500 square feet left over of the EPDM roof 

system, the complete cost for the proposed green roof design combined with the EPDM system will be 

$398,972. Table 4.8 briefly outlines the costs noted above. 

Initial Roof System Cost 

  EPDM Green Roof Total New System 

  17,000 SF 9,500 SF (Green Roof=9500 SF) + (EPDM=7500 SF) 

Total $279,870 $275,500 $398,972 

$ / SF $16.46 $29.00 $23.47 

Cost Difference $119,102 

Table 4.8 – Initial Costs of EPDM roof system and Green roof system 

The initial cost difference in implement the new green roof design is $119,102. All the costs mentioned 

include all equipment and labor costs as well. 

 Longevity & Incentives 

Green roof systems are said to last almost twice as long as any other conventional roofing system 

available. Implementing a green roof system thus results in the owner saving costs by not having to 

replace the entire roofing system periodically. The factor that must be considered most in the lifespan of 

a roof is the roofing membrane that is used. A fully adhered EDPM membrane has a lifespan of about 18 

years while the membrane that Hydrotech® uses for their green roof system has a life span of 39+ years. 
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Thus, making an investment in a green roof implementation will result in cost savings since the owner 

does not have to replace the roof as often. 

Currently proposed in the state of Pennsylvania is legislation that will provide tax credit for green roofs 

in the amount of 25% of the costs for six years6. This would mean that approximately, prior to taxes, 

$69,000 would be saved in the first year alone. After taxes, assuming a 30 percent tax rate, the incentive 

will provide $20,700 a year for a total of $124,200 in tax savings over six years.  

Cost Analysis 

The Hydrotech® green roof system is expected to have a life span of 39+ years. The cost analysis will 

calculate how much, if any, cost savings will be provided over the first 18 years (EPDM lifespan) of the 

building. After applying the $20,700 tax credit savings to the initial costs of the green roof system for the 

first six years and assuming no cost difference in maintenance between the systems, Table 4.9 below 

outlines the total amount the two roof systems will cost the owner.  

Note: monetary value is in current (2014) values. Inflation was not considered. 

Years EPDM New Roof 
0 $279,870 $378,272 

1 $0 -$20,700 

2 $0 -$20,700 

3 $0 -$20,700 

4 $0 -$20,700 

5 $0 -$20,700 

6-17 $0 $0 

18 $279,870 $123,143 

Total $559,740 $397,915 

Cost Difference $161,825 

Initial Cost Diff. $119,102 

TOTAL SAVINGS $42,723 

Table 4.9 – Cost analysis over 18 year period of each roof system 

As shown in Table 4.9, the owner will see a cost savings of approximately $43,000 when time comes to 

replace the original EPDM roof system after 18 years.   

References 
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-- Schedule Impact -- 

The reason for the implementation of a modular green roof system was the increased installation time 

compared to conventional. Since roofing activities are on the critical path, any duration change will 

impact the completion date for the project. For this analysis, schedule impacts will be considered for the 

original project schedule and the improved project schedule from Analysis #1. Both schedules show 

durations of 15 days for each wing for the EPDM system being installed. Any duration over 15 days will 

impact the completion date and necessary changes and general conditions savings/extra costs will be 

calculated.  

After speaking with a Hydrotech® representative, a typical modular installation for 9,500 square feet will 

take 3-4 days for the trays to be placed. However, this does not include the waterproofing membrane 

that must be placed prior. Approximately 900 square feet of waterproofing membrane can be installed 

in one day. Therefore, for the modular green roof system the total duration of installation time will take 

15 days for 9,500 square feet. This leaves another 7,500 square feet for the rest of the EPDM to be 

installed. Since this is about half of the original roof design, the duration for the EPDM would be 7 days. 

These two activities can be completed simultaneously, thus concluding that the modular green roof 

system will be able to be installed in the same amount of time as the EPDM system was originally 

scheduled. Therefore, no general condition cost data will be impacted since the completion date will not 

be affected by the installation of the green roof system. 

*See Appendix B & Appendix D for original project schedule and revised project schedule. 

Conclusion 

In conclusion of this analysis, it is recommended that the project team and owner should have 

considered implementing a green roof system when value engineering discussions took place. After 

deciding that an extensive modular green roof system was best for this project, structural and acoustical 

analyses were performed to determine the feasibility of the system.  

Although, the green roof applied an increased load to the existing structure, it was calculated that the 

existing roof deck, metal panel walls, and foundation were able to withstand that additional load. 

Considering the fact that the majority of the building occupants will be senior citizens, an acoustical 

analysis seemed best to be performed when considering the green roof. Although the green roof was 

not applied to the lobby area and only to the residential units, the STC rating increased from 41 to 48. 

An increase in 7dB is a clearly noticeable difference in reducing noise levels, especially for elderly 

persons. The initial cost of the green roof was initially higher by $119,102. But when considering the life 

span of the two roofing systems, after 18 years the EPDM roof would need to be replaced while the 

green roof can handle another 21 year after. When the 18 year period arrives, the owner would see a 

$161,825 in cost difference and see a $42,723 savings between the initial cost and the replacement 

costs. There are many advantages when implementing a green roof system on any project and this 

project could have benefited if it was considered during the value engineering process.  
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Problem Identification 

This project had an interesting approach to the delivery method used. It can be describes as some sort 

of hybrid method where two delivery methods were used. The owner had an architect designing most of 

the project except for the MEP aspects. A general contractor, in this case Wohlsen Construction, was 

brought in to Design-Build the MEP systems. However, during the process Wohlsen was offered to 

complete the rest of the project using a Design-Bid-Build delivery method. This was an interesting way 

to approach the project; however, the only way it could have worked is with no design changes going 

forward. Of course there were design changes that took place and this caused delays as well as 

coordination and communication issues.  

Background Information 

As stated many times throughout all the reports written this semester, Liberty Lutheran’s main priorities 

in the new construction of the Mary J. Drexel project consisted of cost and quality. By using the Design-

Bid-Build project delivery system they focused their greatest amount of time to work on the design with 

their contracted Architect, SFCS, Inc. and the Lower Merion Township Historical Commission. Wohlsen 

Construction was appointed with a GMP Contract to provide construction management services due to 

their prior success in Assisted Living Projects. The major MEP Systems were contracted in the GMP 

Contract as Design/Build services at first and then Wohlsen was asked to manage the construction of the 

MEP trades as well.  

Analysis Goals 

The goal if this analysis is to determine a better project delivery approach that could have been taken 

for this project. By reformatting the way in which subcontractors were chosen and possibly having one 

or two more trades involved earlier in the project, constructability issues and schedule concerns could 

have been avoided. Ultimately, a recommendation will be given to the owner whether or not the project 

could have been delivered differently and the impacts that a different method may have had. 

Furthermore, in order for this analysis to be performed a few aspects need to be considered. One of 

which involves interviewing the project management team to determine which single delivery method 

would have been more feasible on the project; whether it be Design-Bid-Build, Design-Build, or an 

Integrated Project Delivery approach. This chosen project delivery approach will be researched to 

understand advantages and disadvantages between them and process maps will be created to compare 

the necessary steps that need to be taken from start to finish of the project. 

Upon completion of this analysis, it is expected that by further integrating work processes and choosing 

a single delivery method, it would have been more beneficial and efficient than the path that was 

chosen. Also, it would show how the project players would be able to resolve problems more efficiently 

and easily. A recommendation will be made based on the findings of this analysis. 
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Process 

-- Choosing a Delivery System -- 

When choosing delivery system to be utilized for a project, there are many factors that need to be 

considered. These factors include: budget, design, schedule, risk assessment and owner’s level of 

expertise. Being the owner, this can be a tough decision to make as the ultimate decision can be both 

good and bad. 

-- Current Delivery Approach -- 

The delivery system used for this project, as stated before, is somewhat of a hybrid approach. The 

majority of the project was Design-Bid-Build (DBB) with a GMP contract and the MEP systems were 

Design-Build (DB). Liberty Lutheran holds a contract with a variety of parties such as the architect, site 

contractor, civil engineer, and the general contractor/construction manager. Wohlsen Construction held 

Lump Sum contracts with all their subcontractors. Figure 5.1 below outlines the hybrid project delivery 

system utilized for this project. 

 
Figure 5.1 – Project Delivery w/Contract Types 

This figure depicts all the different trades involved in the project and how easily any coordination issue 

could have caused problems. However, there was extreme confidence that there would not be many 

changes to the original bid documents once the contracts were awarded. The approach of using two 

delivery methods did end up causing coordination issues amongst the project members that could have 

been avoided.  
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The DBB delivery method is the most standard delivery method used throughout many projects. The 

largest advantage the owner has utilizing this method is reliable price information before construction 

starts. This allowed the owner to be in control of the design and utilize proper budgeting necessary for 

the project. The DB aspect arrived when it was necessary to complete the MEP systems for the project 

and the owner contracted Wohlsen to complete it with their MEP subcontractors as the designers. 

Although this may seem as a very simple combination of two delivery methods, problems begin when 

design changes start occurring and each project party attempts to transfer risk to one another.  

Advantages and Disadvantages (Design-Bid-Build)1  

Advantages 

 Most common approach used and many understand it. 

 Owner has significant amount of control over the end product. 

 DBB is well-established and has defined roles for all the parties involved. 

Disadvantages  

 Owner must accept cost changes and change orders due to design changes and constructability 

issues that may come up. 

 Adversarial relationships may develop among the contractor, designer, and owner. 

 The absence of construction expertise in the design of the project will limit the effectiveness and 

constructability of the design. 

 The designer may have limited ability to assess scheduling and cost ramifications as the design is 

developed, which can lead to a more costly final product. 

 No contractual relationship between the contractor and designer which can lead to no 

collaboration between them. 

Advantages and Disadvantages (Design-Build)1  

Advantages 

 Owner essentially has no risk since there is a single point of accountability for the design and 

construction of the project. 

 Earlier interaction/collaboration allows for increased efficiency and prevents future conflicts. 

 Greater cost control since the contractor and designers are working together throughout the 

entire process. 

Disadvantages  

 Less design control by owner. 

 No balance of the checks and balances that exist when a designer and contractor have separate 

contracts. 

 May be problematic when there is a requirement for multiple agency design approvals. 
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Figure 5.2 – Hybrid Project Delivery (DBB + DB) Process Map for MJD 

Project 

The largest problem this project faced is the last item mentioned: May be problematic when there is a 

requirement for multiple agency design approvals. This is not only a disadvantage for DB methods but 

also for DBB. Many delays arise due to this and any communication issues can lead to more problems. 

Figure 5.2 below shows a process map that closely represents the hybrid delivery method used when 

combining the DBB and DB approach on this project. 

 

As can be seen, the owner has the greatest responsibility in ensuring that communication between the 

architect, site contractor, and GC/CM is effectively accomplished. In order for this hybrid approach to 

have effectively worked, any communication or changes made from the owner should be evenly 

disbursed to all parties so everyone is on the same page and can take their respective action to 
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complete it in a timely manner. This delivery method combination definitely may have had some impact 

on the success on the project due to all the phases and steps that must be taken in order for something 

to go through. In discussing the project delivery approach with GC/CM, it was advised that a single 

approach such as Design-Build be utilized. However, due to the relationship between the architect and 

owner, utilizing an Integrated Delivery Approach should provide more advantages and be more 

beneficial for this project. 

-- Alternate Delivery Approach: Integrated Project Delivery -- 

After interviewing members on the construction management team, it was concluded that utilizing a 

single delivery method for the entire project would have been more beneficial. Since the MEP systems 

were Design Build, it seemed reasonable that having the entire project be Design Build would have been 

the best choice. However, as stated before, due to the relationship between the owner and architect, 

this may not be as reasonable. An alternate delivery method approach that could be used would be 

Integrated Project Delivery (IPD). 

IPD is a relatively new idea in the construction industry and is gaining more and more popularity quickly. 

In a contractual sense, “Pure IPD” requires an agreement amongst all the prime members in the entire 

design and construction process. Typically, this includes the owner, architect, and builder. However, 

many major subcontractors and consultants may be in the agreement as well. This allows for a team 

approach in which incentives and goals are agreed to by the entire team and can only be met when 

effective communication is used. Figure 5.3 below outlines the contract setup that this project could 

have developed if an Integrated Project Delivery approach was used.  

Figure 5.3 – Integrated Project Delivery Contract Setup 

Owner 

Liberty Lutheran 

Design 

Architect, SFCS 

Strucutral Engineer 
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The most common contracting method used in IPD is a joint agreement between all major parties. The 

typical contract is a cost-plus-incentive based arrangement. In this arrangement the owner agrees to pay 

the actual costs of construction of the project plus a predetermined fee or incentive. This would be 

suitable for both parties as the contractor can provide services such as estimating and value engineering 

to help the owner. The guaranteed maximum price contract is essential the same as the cost-plus 

contract but has a cap on the total amount of construction costs that the owner will pay. With incentive 

clauses written in, using the IPD delivery method with a GMP contract can also be feasible.  

The struggle with IPD is that the owner must have an entire project team established in the very 

beginning of the project before everything starts so that the multiparty agreements can be established. 

This allows for the entire team’s interests to be aligned with those of the owner which greatly increases 

project success. 

Advantages and Disadvantages (IPD)1  

Advantages 

 Chance of project success is very high due to entire team’s interests aligned with the project 

goals. 

 Owner gains the same advantages as Design-Build 

 Owner gains advantages of Construction Management at Risk delivery method as well: 

o Owner has input from the contractor’s perspective and input in planning and design 

decisions. 

o The ability to “fast-track” early components of construction prior to the full completion 

of design. 

Disadvantages 

 Actual agreement on the criteria and final contract may be difficult and take increased time and 

effort. 

 Chance of failure is most dependent on the behavior of individuals within the team and 

damaging behavior is very hard to control which could breakdown the collaborative process. 

 IPD contracts have not yet been tested in law, so the result of a failure within the team is 

unpredictable. 

Successful IPD projects require a leader to keep the entire team on track and focused on the project 

goals. Typically the owner would have the CM be this leader but in the case of this project, Liberty 

Lutheran utilized their own representative for managing the construction process and gave input to each 

party. The owner’s representative can still be utilized using the IPD approach as well. Communication 

between parties would greatly increase as all parties are seeking to achieve the same exact goals and 

allows parties to go out their ways to help each other.  Figure 5.4 on the following page represents a 

process map that would be used when utilizing an IPD approach for this project. 
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Figure 5.4 is a great representative in showing how less 

complex the delivery process can be when using an IPD 

approach. Not only does the process seem less complex, but 

this approach provides positive propositions for the major 

stakeholders in the project. These stakeholders include the 

owner, builders, and designers. Liberty Lutheran would 

benefit as this approach strengthens the entire project 

team’s understanding of their desired outcomes which 

improves the team’s ability then to control costs and 

manage the budget. All this in turn increases the success 

rate of all aspects of the project. Wohlsen and their 

subcontractors provide their expertise in the early stages 

which enables for a strong pre-construction plan with 

greater understanding of the design and any issues that may 

arise during the project. Again, this in turn increases the 

success that the project will have. SFCS and their engineers 

are able to understand how their design impacts budget 

estimate with the help of the builders and will increase the 

level of effort taken in the early design phases. This results 

in improved cost control and reduced documentation time. 

And again, all of which increase the likelihood of success. 

Collaboration and effective communication is the key factor 

in the success of this delivery approach. In order for this to 

be promoted and successfully utilized, a collaboratively set 

schedule is necessary. Not only does this require more 

regularly set meetings, but also a greater amount of sharing 

information than is customary under traditional methods. This entire method is built on collaboration, 

which in turn is built on trust. With the strong relationship between the major stakeholders in the 

project, this delivery approach promises a better outcome. 

References 

1CMAA, "An Owner's Guide To Project Delivery Methods." The Construction Management Association of  

  America , 2012. Web. 11 Mar 2014. 

 

 

 

 

Figure 5.4 – IPD Project Delivery Process Map 
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Results 

This project is definitely not a common type of project when considering the delivery approach utilized, 

thus schedule and budget impacts may be hard to quantify as there is no similar project to compare it 

to. However, using an IPD approach provides quite a substantial amount of fundamental improvements 

when compared to the hybrid approach used for this project. Figure 5.5 below outlines some of these 

fundamental improvements over a traditional project delivery method. 

 
Figure 5.5 – Traditional Delivery vs. IPD – Image from Building Information Management 

The major phase of the project where the benefits of IPD are realized most is during the construction 

phase. Because of the greater effort that is put in the design phases, the construction phase under IPD is 

much more efficient. The owner is given the power to make their own decision and build a project team 

where everyone’s interest is aligned and ideas can flow freely and the amount of stress in making 

decisions is reduced. This leads to reduced design and construction costs.  

The amounts of change orders and RFI’s throughout the project are also reduced due to the well-

informed and effective decision making that was accomplished in the beginning stages of the project. 

Not only does this allow for quality improvements for the project, risk is mitigated among all parties due 

to the greater amount of information available so less mistakes occur.  

Although IPD is a new approach to the design and construction of buildings, “Integrated Project 

Delivery: A Guide” by The American Institute of Architects outlines steps of what can be done to 

improve the popularity and common necessities needed to accomplish a complete IPD project. These 

steps are outline on the following page.  

https://buildinginformationmanagement.wordpress.com/category/facility-management-bim-high-performance-building-management/
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Improving IPD Steps2 

 Develop confidence in information sharing. 

 Break down traditional barriers or silos of effort. 

 Actively participate in discussion groups that push toward an effective, collaborative approach 

to information sharing. 

 Require the project team to utilize BIM technology. 

 Propose new approached to team compensation based on value and long term outcomes. 

 Seek resources. 

 Talk. Share. Collaborate. Experiment. 

References 

2AIA, “Integrated Project Delivery: A Guide.” The American Institute of Architects, 2007. Web. 13 Mar  

  2014. <http://info.aia.org/siteobjects/files/ipd_guide_2007.pdf> 

Conclusion 

IPD principles can be applied to a variety of contractual arrangements and teams can include 

stakeholders well beyond the basic owner, designer, and builder. The success of IPD is ultimately 

distinguished by the highly effective collaboration between the project members, commencing at early 

design and continuing through project turnover. It is very important that all stakeholders not only agree 

on the contract, but also believe in the IPD process as well. This entire method is built on collaboration, 

which in turn is built on trust. IPD is definitely a cultural shift because of the much different than 

conventional project experience and with the strong relationship between the major stakeholders in the 

project, this delivery approach promises a better outcome. Although IPD is a new approach to the 

design and construction of buildings, lower cost and lower risk are the greatest result of this approach. 

Integrating working relationships and sharing risk and reward among all members improves the 

exchange of information, thus leading to shorter design and construction schedules and overall 

improvement in the productivity and efficiency of the project.  
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Over the course of the 2013/2014 academic calendar year, The Mary J. Drexel Assisted Living Additions 

Project was analyzed and studied to identify areas in which alternate means and methods could have 

resolved any challenges or problems that may have affected the efficiency of the project. After careful 

investigation, four areas that could have improved the project include; re-sequencing the project 

schedule, implementing a green roof to improve value engineering efforts, utilizing MEP prefabrication, 

and altering the project delivery method. This final report presents the four analyses performed by 

including details of the challenge presented, suggesting solutions, and analyzing the solutions on the 

project. This report is not meant to critique the already effective project team but to study their project 

for educational purposes. 

Analysis #1: Project Sequencing 

The first analyses focused on reducing the overall project schedule duration by altering the original 

schedule sequencing. Significant emphasis was placed on the cost and quality of the project with less on 

the overall project schedule. The general conditions estimate originally had a total cost of $1,596,477. 

The monthly paid line items that would be affected by reducing the schedule account for $798,384, or 

50% of the total general conditions estimate at a 14 month project duration. Thus, any reduction in the 

project schedule will result in decreasing costs for the owner. 

The goal of the analysis was to improve the schedule by two weeks; however the proposed project 

schedule resulted in a savings of four weeks. This was done without altering manpower and activity 

durations and resulting in savings of $57,000.  

Analysis 2: MEP Prefabrication 

The second analysis focused on implementing prefabricated MEP corridor racks. The MEP trades were 

brought onto the project at an early stage under the design-build contract. Due to schedule delays, the 

MEP trades were forced to employ extra crews during the week and start overtime work on the 

weekends in order to meet the schedule. Implementing prefabrication techniques would have avoided 

this situation.  

After performing research, it proved that this is a more efficient method of construction given the 

project conditions. Some of these benefits include improved productivity, lower costs, reduced 

schedules, and increased safety. This method of construction was feasible given project conditions and 

resulted in expediting the project schedule by one week and providing cost savings of $14,257 for 

general conditions and $20,875 in labor costs.  
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Analysis 3: Green Roof Implementation 

The third analysis focused on implementing a green roof system design. A value engineering effort was 

made to reduce initial costs and not much consideration was taken into other factors such as lifecycle 

costs. Before any conclusions can be made from this analysis, structural load calculations were 

completed to ensure the feasibility of the new green roof. The proposed system did result in being 

feasible with the current structure. Although green roof systems usually inquire a higher initial cost, the 

longer life-span compared to traditional roofs offsets this cost. The chosen system provided $41,723 in 

costs savings over 18 years and did not increase the project schedule duration. 

Analysis 4: Alternate Delivery Method 

The final analysis focused on providing an alternate delivery method that could have been used. A 

hybrid approach was used with a combination of Design-Bid-Build and Design-Build for the MEP 

systems. Due to many design changes throughout the construction of the buildings, many issues arose 

regarding the stakeholders communicating amongst each other.  

This analysis provided new information for the owner on an approach such as Integrated Project 

Delivery (IPD) that could have been used and the advantages and disadvantages associated with it. 

Although IPD is a new approach to the design and construction of buildings, lower cost and lower risk 

are the greatest result of this approach. Integrating working relationships and sharing risk and reward 

among all members improves the exchange of information, thus leading to shorter design and 

construction schedules and overall improvement in the productivity and efficiency of the project. 

Final Recommendation 

In conclusion, it is recommended that all four of the proposed analyses be adopted for the Mary J. 

Drexel project. By spending a little extra time and improving the project schedule along with providing 

some prefabrication techniques, a total of $71,284 in just general conditions costs could have been 

saved. Although the project was not pursuing LEED accreditation, implementing a green roof system 

proved to be beneficial to both the owner and occupants. When time would come for the original roof 

system to be replaced, the owner would see $42,723 in savings between the initial cost of the new 

system and the replacement costs of the old system. The senior residents would greatly benefit with the 

increase in STC levels as an increase in 7dB is clearly noticeable in reducing noise levels. Using an IPD 

delivery approach would have provided highly effective collaboration between the project members, 

commencing at early design and continuing through project turnover. With this delivery approach, many 

of the proposed analyses could have been noticed by the project team instead and the already effective 

project could have further improved the productivity and efficiency of the project. 
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Project Duration - 14 Months - 56 Weeks

Quantity Unit Cost Amount

$776,250

Project Executive (10%) 14 Mo. $2,050.00 $28,700

Field Operations Manager (10%) 14 Mo. $1,700.00 $23,800

Project Manager 14 Mo. $16,000.00 $224,000

Superintendent 14 Mo. $15,500.00 $217,000

Project Engineer 14 Mo. $11,200.00 $156,800

Project Assistant (50%) 14 Mo. $4,000.00 $56,000

Accountant 250 Hr. $55.00 $13,750

Contract Administrator 100 Hr. $80.00 $8,000

Safety Manager 165 Hr. $80.00 $13,200

Laborer (50%) 14 Mo. $2,500.00 $35,000

$95,455

Temporary Power 1 LS $7,500.00 $7,500

Temporary Fence 500 LF $10.00 $5,000

Temporary Phone 14 Mo. $750.00 $10,500

Temporary Toilets (4) 14 Mo. $600.00 $8,400

Drinking Water 14 Mo. $150.00 $2,100

Temporary Stair & Rails 1500 LF $10.00 $15,000

Dumpsters (2) 14 Mo. $2,500.00 $35,000

Signage 100 SF $26.50 $2,650

Small Tools & Equip 14609579 LS 0.05% $7,305

Job Photos 4 Set $500.00 $2,000

$200,151

Builder's Risk 14609579 ($) 0.15% $21,914

General Liability 14609579 ($) 0.75% $109,572

MEP Liability Insurance (based on GMP) 14609579 ($) 0.47% $68,665

$86,334

Field Office/Trailer - use existing facilities 0 Mo. $0.00 $0

Storage Trailers - use existing facilities 0 Mo. $0.00 $0

Final Cleaning 76,000 SF $0.50 $38,000

Computer Equipment 1 LS $3,500.00 $3,500

Job Office Supplies 14 Mo. $77.40 $1,084

Drawings & Blueprints 65 Ea. $150.00 $9,750

Safety Equipment 1 LS $3,000.00 $3,000

Protect New Work 76,000 SF $0.25 $19,000

Layout (Own Forces) 3 Wk $4,000.00 $12,000

14609579 ($) 3.00% $438,287

$1,596,477

Field Operations

Contingency 

TOTAL

General Conditions Estimate

Description

Project Management Team

Site Conditions

Insurance
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Quantity Unit Cost Amount

$741,300

Project Executive (10%) 14 Mo. $2,050.00 $28,700

Field Operations Manager (10%) 14 Mo. $1,700.00 $23,800

Project Manager 14 Mo. $16,000.00 $224,000

Superintendent 14 Mo. $15,500.00 $217,000

Project Engineer 14 Mo. $11,200.00 $156,800

Project Assistant (50%) 14 Mo. $4,000.00 $56,000

Laborer (50%) 14 Mo. $2,500.00 $35,000

$56,000

Temporary Phone 14 Mo. $750.00 $10,500

Temporary Toilets (4) 14 Mo. $600.00 $8,400

Drinking Water 14 Mo. $150.00 $2,100

Dumpsters (2) 14 Mo. $2,500.00 $35,000

$1,084

Field Office/Trailer - use existing facilities 0 Mo. $0.00 $0

Storage Trailers - use existing facilities 0 Mo. $0.00 $0

Job Office Supplies 14 Mo. $77.40 $1,084

$798,384TOTAL

Project Duration - 14 Months - 56 Weeks

General Conditions Estimate - Monthly Paid Line Items

Description

Project Management Team

Site Conditions

Field Operations
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EPDM Roof 

Frequency (Hz) 
TL 

(dB) 
τ 

125 25 0.00316 

160 28 0.00158 

200 31 0.00079 

250 34 0.00040 

315 37 0.00020 

400 40 0.00010 

500 41 0.00008 

630 42 0.00006 

800 43 0.00005 

1000 44 0.00004 

1250 45 0.00003 

1600 45 0.00003 

2000 45 0.00003 

2500 45 0.00003 

3150 45 0.00003 

4000 45 0.00003 

STC =  41 
 

Green Roof 

Frequency (Hz) 
TL 

(dB) 
τ 

125 32 0.00063 

160 32 0.00032 

200 38 0.00016 

250 41 0.00008 

315 44 0.00004 

400 47 0.00002 

500 48 0.00001 

630 49 0.00001 

800 50 0.00001 

1000 51 0.00001 

1250 52 0.00001 

1600 52 0.00001 

2000 52 0.00001 

2500 52 0.00001 

3150 52 0.00001 

4000 52 0.00001 

STC =  48 
 Complete Roof System 

Frequency 
(Hz) 

  EPMD τ 
Green Roof 

τ 
τeff TL 

125 
 

0.00316 0.00063 0.00175 28 

160 
 

0.00158 0.00032 0.00088 31 

200 
 

0.00079 0.00016 0.00044 34 

250 
 

0.00040 0.00008 0.00022 37 

315 
 

0.00020 0.00004 0.00011 40 

400 
 

0.00010 0.00002 0.00006 43 

500 
 

0.00008 0.00002 0.00004 44 

630 
 

0.00006 0.00001 0.00003 45 

800 
 

0.00005 0.00001 0.00003 46 

1000 
 

0.00004 0.00001 0.00002 47 

1250 
 

0.00003 0.00001 0.00002 48 

1600 
 

0.00003 0.00001 0.00002 48 

2000 
 

0.00003 0.00001 0.00002 48 

2500 
 

0.00003 0.00001 0.00002 48 

3150 
 

0.00003 0.00001 0.00002 48 

4000 
 

0.00003 0.00001 0.00002 48 

   STC = 44   
EPDM Area = 7500 SF | Green Roof Area = 9500 SF | Total = 17000 SF 


