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EXECUTIVE SUMMARY 

In every construction project there are many problematic areas that can be addressed 

and analyzed to help the project succeed. The Housing and Food Services Warehouse 

and Bakery expansion is like most projects and has several areas that need to be better 

analyzed. With extensive research performed in the Fall Semester, I found four analyses 

that focus on problematic features of The Housing and Food Services Warehouse and 

Bakery expansion. They are based on areas of schedule and cost reduction using SIPs, 

implementation of BIM, site safety and occupancy plan, and acquiring a LEED 

certification. 

ANALYSIS 1: SIP ANALYSIS 

This analysis focuses on reducing the time to renovate the office space in the Housing 

and Food Services building.   The area of investigation would be to see if implementing a 

SIP schedule to the renovation of the office space would accelerate the schedule and 

reduce office downtime.  

ANALYSIS 2: BIM UTILIZATION  

This analysis focuses on the use of BIM to improve the project.  BIM was not used at all on 

this project but could have been used to improve the project in several ways.  BIM could 

have been used from the start to turn the original building drawings into electronic files. 

Having an electronic model of the HFS building could be used to show the problems with 

the as-built.  The electronic model will also allow for the use of clash detection software.  

Both reasons explained above should help to greatly reduce the total amount of RFI’s 

and ASI’s.  BIM has many more uses, but for this project I recommend implementing BIM 

at a small scale. 

ANALYSIS 3: INDOOR AIR QUALITY 

Indoor Air Quality (IAQ) is an important design criteria in today’s industry. It is especially 

important in a facility such as The Housing and Food Service Warehouse and Bakery. 

Analysis 3 focuses on determining the IAQ of the current system and determining an 

alternate system through a mechanical breadth. After completing the analysis it was 

determined that the current system fell somewhat short and a 100% outdoor air system 

was chosen. 

ANALYSIS 4: LEED CERTIFICATION 

LEED Certification is the evaluation and qualification of a sustainable project. By taking 

measures to increase LEED credits, the Housing and Food Services Warehouse and Bakery 

expansion will benefit in terms of energy efficiency life cycle costs as well as building and 

user performance. 
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1.0 PROJECT BACKGROUND 

The project for my senior thesis is the Housing and Food Services Warehouse and Bakery 

Expansion for The Pennsylvania State University in University Park, Pennsylvania. 

Scheduled for completion in March 2016, the project includes increasing freezer, cooler, 

and dry storage capacity, expanding the bakery, and improving building systems.  The 

current plan will be funded through many sources such as, operational reserves, state 

funding, self-supporting units, capital investments, and borrowing and debt services. At 

University Park, its buildings are in need of major renovation and significant changes with 

65% of the buildings older than 25 years. 

Penn State has hired Architect LSC Design Inc. to design the addition and renovation of 

the Housing Food and Services Warehouse and Bakery Expansion. LSC Design Inc. was 

founded in 1980 as Land Survey Consultants, and has since grown to include 

architecture, interior design, civil engineering, survey management and landscape 

architecture.  They are now known for their ability to listen and advocate for their clients, 

like Penn State, and to effectively marry design with constructability within a budget and 

schedule. 

The 94,000 square foot existing HFS building will undergo approximately 44,500 square 

feet of renovations during the three phases of construction.  The warehouse will be 

expanded on the north side by about 25,000 square feet.  Starting with phase 1A, the 

addition to the warehouse will be erected. The renovation of the south side will make the 

start of phase 1B.  Phase 2 marks the start of the existing cooler and freezer renovation, 

and construction of new racking within the cooler and freezer. Phase 3 starts with the 

existing freezer.  This will be renovated into more dry storage.  The first part of phase 3 will 

start with the southern part of the dry storage area and the offices.  As the offices 

continue to be renovated, the northern part of the dry storage area will start renovations. 

This expansion will allow Penn State Housing and Food Services to increase the variety 

and scope of product offerings to meet the culinary needs of students, faculty, staff and 

visitors. This project also will provide opportunities to capitalize on additional direct 

manufacturer relationships that will reduce overall food costs.  

The goal of this renovation is to increase the capacity of freezer, cooler and dry goods 

storage, improve workflow and provide more effective use of space. The project will 

reorganize and expand the warehouse and bakery and replace aging and inefficient 

building systems. 
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1.1 CLIENT INFORMATION 

Penn State expects to receive quality work from the contractor that is seamless and neat 

with a minimal loss of services.  Another expectation of Penn State is to obtain a crew 

that strives to be cost-effective, timely, and be a dependable resource to meet the 

expectations of the project.  Safety is one of the upmost concerns when dealing with 

campus construction.  When possible, there will be zero impact to vehicular traffic, and 

parking.  Site fencing will be used to keep pedestrians from entering the construction site.  

Posting directional, hazard, and caution signs as well as making public notifications is a 

standard for Penn State OPP.  Penn State also ensures the safety of employees by setting 

mandatory safety training, implementing and enforcing all safety practices and 

standards, inspecting and repairing equipment, and utilizing appropriate PPE.  Penn State 

conducts a Contractor Performance Evaluation throughout the entire project to ensure 

the quality of the building. Firms receiving an unsatisfactory mark will be considered for 

removal from the Pre-qualified Bidders List for a period of no less than six months. 

1.2 PROJECT DELIVERY AND STAFFING PLAN 

The Housing and Food Services Warehouse and Bakery Expansion is a design build 

contract between Kinsley Construction and Penn State University.  This is chosen because 

both design and construction is in the hands of a single entity.  This creates cost savings 

and time savings.  It also reduces the administrative burden.  This means the owner, Penn 

State, is not required to invest time and money in coordinating between separate design 

and construction contracts. 

 

Figure 1 - Delivery Method 
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The staff of Kinsley Construction for this project is a team from York, Pennsylvania.  Project 

Manager, Kevin Finke, is the main contact for Kinsley Construction on this project.  Below 

are the details of the staffing plan.  

 

 

1.3 EXISTING SITE CONDITIONS 

On the site for The Housing and Food Services Warehouse and Bakery expansion is set 

back off Park Ave.  To the west of the HFS Warehouse and Bakery is Penn State’s 

Arboretum, and to the east is the Hostetter Business Services building.  Directly to the 

south is the Lewis Katz Law building.  North of the HFS Warehouse and Bakery is a 

parking lot that will be utilized as a material laydown area.  The surrounding buildings 

are not close enough to effect the construction of the Warehouse and Bakery.  For the 

duration of the project, the northern parking lot will be fenced off to store materials and 

prevent pedestrians from entering the construction site.   

Figure 2 - Staffing Plan 
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Figure 3 – Aerial View of HFS Warehouse and Bakery 
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2.0 DESIGN AND CONSTRUCTION OVERVIEW 

2.1 BUILDING SUMMARY 

The 94,000 square foot existing HFS building will undergo approximately 44,500 square 

feet of renovations during the three phases of construction.  The warehouse will be 

expanded on the north side by about 25,000 square feet. This expansion will allow Penn 

State Housing and Food Services to increase the variety and scope of product offerings 

to meet the culinary needs of students, faculty, staff and visitors. This project also will 

provide opportunities to capitalize on additional direct manufacturer relationships that 

will reduce overall food costs.   

The goal of this renovation is to increase the capacity of freezer, cooler and dry goods 

storage, improve workflow and provide more effective use of space. The project will 

reorganize and expand the warehouse and bakery and replace aging and inefficient 

building systems. Early Suppression Fast Response (ESFR) and 75 hp fire pump will be 

installed in the ambient storage and cooler/freezer addition.   

The structural design of the existing building is primarily structural steel.  The addition will 

continue using structural steel, creating a uniform and continuous building.  The design 

of the electrical system has two power distributions of 208Y/120V, as well as a two 

megawatt emergency generator for backup power.   The HFS building will be in 

compliance with the ASHRAE 62.1 requirements, and all demolished material will be 

recycled wherever possible.  Hazardous materials will be disposed of in the correct safe 

manner.  

2.2 SCHEDULE OVERVIEW 

The existing HFS Warehouse and Bakery Expansion will undergo three phases from the 

construction start date, March 2nd, 2015, and will be completed for owner occupancy 

one year later, March 2016.   The design phase started in November of 2013.  Phase one 

starts with the excavation and foundation of the warehouse addition located on the 

north side.  The freezer construction is also a part of phase one starting on March 16th, 

2015 and continuing for 146 days until October 5th, 2015.  New freezer and refrigeration 

units will be installed to replace the aging and inefficient system currently in place.  The 

office and rear improvements will undergo MEP rough-in for ten days from June 6th, 2015 

to June 23rd, 2015.  The MEP trim-outs will take about 5 days starting July 27th, 2015.  The 

MEP for the freezer and cooler in the bakery will take 28 days and will start on August 28th, 

2015. Renovations of the existing ambient storage area will be included in the third phase 

starting on December 16th, 2015.  The final MEP installation will be located in the new 

office and consulting room.  This will start October 1st, 2015 and end in March 10th, 2016. 

Some of these phases along with additional scheduled events can be seen in Table 1.  
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Table 1 - Project Schedule Overview 

Project Schedule Overview 

Phase Duration Start Date End Date 

Phase 1 - Storm water Management 65 2-Mar-15 29-May-15 

Phase 1 - Freezer Construction 146 16-Mar-15 5-Oct-15 

Phase 1A - Office & Rear Improvements 158 8-Apr-15 13-Nov-15 

Phase 1B - Fire Pump Room & Bakery Area 134 12-May-15 13-Nov-15 

Phase 2 - Exterior Improvements 46 15-Jul-15 16-Sep-15 

Phase 2 - Renovate Existing Freezer & Cooler 56 29-Sep-15 15-Dec-15 

Phase 3A - New Office & Consult Room 116 1-Oct-15 10-Mar-16 

Phase 3 - Renovate Existing Ambient 55 16-Dec-15 1-Mar-16 

 

 

2.3 COST OVERVIEW 

The actual cost of construction for the 69,500 GSF addition and renovation for The 

Housing and Food Service Warehouse and Bakery in State College, Pennsylvania was 

$9,756,248 or $103.79/SF. This cost takes into account the cost of material, labor, and 

equipment that is needed to construct the building. When including additional costs like 

furnishings and equipment, the total project costs rises to $13,209,528 or $140.53/SF. A cost 

breakdown of the different building systems, including the actual costs, cost per square 

foot and the percentage of the total cost can be seen below in Table 2. 
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Table 2 - Cost Summary 

 

 

 

2.4 GENERAL CONDITIONS ESTIMATE 

The general conditions estimate performed for The HFS Warehouse and Bakery Addition 

and Renovation represents the operational costs of the jobsite for the general contractor 

Kinsley Construction. The estimate was broken down into six different sections which 

includes supervision/project management, field engineering, administrative, safety, 

cleanup, and miscellaneous. 

 

Table 3 - General Conditions Summary 

General Conditions Summary 

Section Cost per Month Total Cost 

Project Management $27,784  $333,412.00 

Field Engineering $2,069  $24,830.00 

Administrative $5,933  $71,195.00 

Safety $79  $950.00 

Cleanup $7,442  $89,300.00 

Miscellaneous $548  $6,580.00 

Total $43,856  $526,267.00 

Cost Summary 

Building System Actual Cost Cost/SF % Cost 

Site Work $954,161 $10.15 9.78% 

Demolition $512,203 $5.45 5.25% 

Concrete $606,839 $6.46 6.22% 

Masonry $563,911 $6.00 5.78% 

Metals $1,330,752 $14.16 13.64% 

Doors, Frames, & Hardware $378,542 $4.03 3.88% 

Windows $1,102,456 $11.73 11.30% 

Flooring $459,519 $4.89 4.71% 

Plumbing $1,021,479 $10.87 10.47% 

HVAC $1,420,510 $15.11 14.56% 

Electrical $1,405,875 $14.96 14.41% 

Total Construction Cost $9,756,248 $103.79 100% 

Overall Project Cost $13,209,528 $140.53 135.40% 
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The table above shows the general conditions estimate summary for the six main 

sections as noted above. The total cost of the project general conditions is $526,267.00 

which is 4.05% of the design build contract value for the project at $13,209,528. With the 

general conditions estimate taking place over a 12 month period I divided the total by 

each month and found that general conditions cost around $43,856 per month. The 

prices were found by using a combination of 2013 RS Means Construction Cost Data 

and actual known costs from previous projects. The most expensive out of the six 

sections was for project management. This section was 6.3% of the total cost, followed 

by cleanup at about 17%, administrative at 13.5%, field engineering 4.7%, miscellaneous 

1.2% and finally safety at less than 1%. 

 

3.0 SIP ANALYSIS 

3.1 PROBLEM IDENTIFICATION 

The Housing Food and Services building is undergoing an addition and renovations to the 

warehouse, bakery and office space. The northern office renovations start from April and 

end in May 2015, and the southern office renovations take place from December 2015 

to January 2016. This makes the office space unusable during these months.  The 

downtime causes congestion and inefficiency within the employees of the HFS Building. 

There are multiple options to speed the construction up such as increased manpower or 

working extra days. These options are limited by the size of the site and the owner’s 

requirement that the site only be under construction for a certain period of the day due 

to the proximity of the campus. Another option could be to change the schedule by 

focusing on areas in which the project could be optimized. The office renovations have 

an opportunity to compare and contrast the possible benefits of implementing SIPS.  

Penn State will want to know if SIPS is beneficial for this project and future construction.  

3.2 PROPOSED SOLUTIONS 

SIPS will be used to reschedule certain tasks. Initially, the floor plan of the building will be 

analyzed to determine which spaces to group together. The north and south offices will 

be renovated at the same time instead of months apart.  Next, interior systems will be 

broken into major construction sequences and attributed certain durations. By involving 

multiple trades in the schedule, work teams can follow one another throughout the 

space and minimize unproductive time on site. These offices are relatively small, so it is 

critical to clear workers out as efficiently as possible. The renovations will take place 

between the months of April to June. 
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3.3 BACKGROUND RESEARCH 

The Short Interval Project Schedule (SIPS) is a method of scheduling that involves a level 

of detail not commonly found in a project schedule. Short Interval Project Schedule or 

SIPS is taught as part of the construction management curriculum. The data on the 

project is provided by the involved parties and allows for an analysis of the building and 

room layout. There is data showing the effects of detailed schedules, prefabrication, and 

forward thinking construction methods in the construction industry. It has been shown 

through the class work on SIPS and the presentations by industry members that SIPS work 

is better focused on repetitive sections of work, thus the options presented would be the 

offices, bathrooms, and conference rooms. 

3.4 ANALYSIS PROCEDURE  

The first step in completing the SIPS analysis is creating a matrix schedule to determine if 

it is logistically possible to complete the interior finishes. There were a total of 15 different 

items included in the finishing stage ranging from hanging drywall to final cleanup. 

Drawing from personal experience and using the CPM schedule for the project the matrix 

schedule seen in Figure 4 was produced. The matrix schedule will enable the project 

team to keep track of the work flow through the building and easily determine whether 

or not progress was on track or not.  The room order will follow the path of Figures 5 and 

6. 

The matrix schedule shows two important things, the flow of work from the first room 

through the building to the last room and how the work is split up to develop the workday. 

The different zones are shown in Figure 5 and 6 below. When deciding which trades were 

to be used during the work shift the main factor was which trades would benefit most 

from the extra space available during this time. It was decided that the drywall crew, 

flooring contractors and painters would benefit most in this situation. Each of these 

subcontractors require a substantial amount of their own space when completing their 

tasks, and they could work much more efficiently.  
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Figure 4 - Parade of Trades 

1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2

Block 1 1 2 2 3 3 4 4 5 5 6 6 7 7 8 8 9 9 10 10 11 11 12 12 13 14 15 15

1 1 1 2 2 3 3 4 4 5 5 6 6 7 7 8 8 9 9 10 10 11 11 12 12 13 14 15 15

2 1 1 2 2 3 3 4 4 5 5 6 6 7 7 8 8 9 9 10 10 11 11 12 12 13 14 15 15

3 1 1 2 2 3 3 4 4 5 5 6 6 7 7 8 8 9 9 10 10 11 11 12 12 13 14 15 15

4 1 1 2 2 3 3 4 4 5 5 6 6 7 7 8 8 9 9 10 10 11 11 12 12 13 14 15 15

5 1 1 2 2 3 3 4 4 5 5 6 6 7 7 8 8 9 9 10 10 11 11 12 12 13 14 15 15

6 1 1 2 2 3 3 4 4 5 5 6 6 7 7 8 8 9 9 10 10 11 11 12 12 13 14 15 15

7 1 1 2 2 3 3 4 4 5 5 6 6 7 7 8 8 9 9 10 10 11 11 12 12 13 14 15 15

8 1 1 2 2 3 3 4 4 5 5 6 6 7 7 8 8 9 9 10 10 11 11 12 12 13 14 15 15

9 1 1 2 2 3 3 4 4 5 5 6 6 7 7 8 8 9 9 10 10 11 11 12 12 13 14 15 15

10 1 1 2 2 3 3 4 4 5 5 6 6 7 7 8 8 9 9 10 10 11 11 12 12 13 14 15 15

11 1 1 2 2 3 3 4 4 5 5 6 6 7 7 8 8 9 9 10 10 11 11 12 12 13 14 15 15

12 1 1 2 2 3 3 4 4 5 5 6 6 7 7 8 8 9 9 10 10 11 11 12 12 13 14 15 15

13 1 1 2 2 3 3 4 4 5 5 6 6 7 7 8 8 9 9 10 10 11 11 12 12 13 14 15 15

14 1 1 2 2 3 3 4 4 5 5 6 6 7 7 8 8 9 9 10 10 11 11 12 12 13 14 15 15

15 1 1 2 2 3 3 4 4 5 5 6 6 7 7 8 8 9 9 10 10 11 11 12 12 13 14 15 15

16 1 1 2 2 3 3 4 4 5 5 6 6 7 7 8 8 9 9 10 10 11 11 12 12 13 14 15 15

17 1 1 2 2 3 3 4 4 5 5 6 6 7 7 8 8 9 9 10 10 11 11 12 12 13 14 15 15

18 1 1 2 2 3 3 4 4 5 5 6 6 7 7 8 8 9 9 10 10 11 11 12 12 13 14 15 15

19 1 1 2 2 3 3 4 4 5 5 6 6 7 7 8 8 9 9 10 10 11 11 12 12 13 14 15 15

20 1 1 2 2 3 3 4 4 5 5 6 6 7 7 8 8 9 9 10 10 11 11 12 12 13 14 15 15

21 1 1 2 2 3 3 4 4 5 5 6 6 7 7 8 8 9 9 10 10 11 11 12 12 13 14 15 15

22 1 1 2 2 3 3 4 4 5 5 6 6 7 7 8 8 9 9 10 10 11 11 12 12 13 14 15 15

23 1 1 2 2 3 3 4 4 5 5 6 6 7 7 8 8 9 9 10 10 11 11 12 12 13 14 15 15

24 1 1 2 2 3 3 4 4 5 5 6 6 7 7 8 8 9 9 10 10 11 11 12 12 13 14 15 15

W8 W9 W10

April May June

W11W3 W4 W5 W6 W7W1 W2

ID Activity

1 Hang Drywall

2 Spackle/Finish Drywall

3 Prep, Prime and Paint Walls

4 Prep, Prime and Paint Ceilings

5 Install Casework

6 Install Lighting Fixtures

7 Install Countertops

8 Install Hard Wood Flooring

9 Install Plumbing Fixtures

10 Final Paint

11 Install Door Hardware

12 Final Finish Carpentry

13 Install Carpet

14 Final Electric

15 Cleanup

Office Renovation Activities
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Figure 5 - Order of Renovation 
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Figure 6 - Order of Renovation cont. 
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The matrix schedule resulted in an 11 week duration for the interior finishes of the HFS 

Offices, finishing 5 weeks ahead of the original 16 week schedule and allowing the 

employees to move back into their office sooner. In order for this schedule to be 

accelerated enough and for it to be logistically possible to operate, it was necessary to 

increase manpower for particular trades involved in the finishing process. 

3.5 RECOMMENDATIONS 

By investigation and applying a SIP Schedule for the interior renovation of the Housing 

and Food Services office space, the project schedule should be accelerated to alleviate 

office downtime by about five weeks.  A small increase in man power for particular trades 

was necessary.  

 

4.0 BIM UTILIZATION 

4.1 PROBLEM IDENTIFICATION 

The schedule is a main concern for the owner. The project needs to finish on time so 

regular production and storage can occur. One main issue that has held the project up 

is that there was no as-built drawing for the original warehouse and bakery. There was a 

lot of wasted time when the project team and the architect were trying to communicate 

and collaborate. A large contingency was held in case any problems occurred during 

construction. Many RFI’s and ASI’s were submitted and take time to get answers, which 

can cause major schedule delays. The implementation of BIM will also help the owner 

with operation and maintenance after the building is turned over.  

4.2 PROPOSED SOLUTIONS 

A possible solution to help with the large contingency and to help with future 

maintenance could be the use of Building Information Modeling (BIM). It could be used 

to create 3D models earlier in the project. This will allow for any issues to be corrected 

before construction starts. A 4D model could also be used to display to the project team 

the delivery and installation of many aspects of construction. A 4D model will be useful 

and help demonstrate the procedure to the project team and subcontractors. After 

completing the analysis there are several potential solutions that could occur.  

 The cost of creating the 3D and 4D model is too high and outweighs the costs 

saved from the use of BIM. If this is the case, BIM will not be utilized.  

  The amount of time saved by limiting RFI’s is substantial and therefore BIM should 

be utilized.  

 The amount of time added by the creation of the 3D and 4D model is more than 

the time saved and therefore BIM should not be utilized. 
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4.3 BACKGROUND RESEARCH 

BIM has many uses in the construction industry. BIM can be used for 3D coordination, site 

utilization planning and analysis, structural analysis, digital fabrication, and facilities 

management. Since the drawings were never put into 3D format, clash detection could 

not be used and this resulted in the increased amount of RFI’s on the project. My main 

focus will be utilizing 3D and 4D coordination. BIM could assist in the coordination of the 

different systems and would have been able to find a lot earlier for the project. The 

application of BIM could have benefited the overall project costs and schedule. The 

Pennsylvania State University BIM Execution Planning Guide will be used to facilitate the 

analysis. 

4.4 ANALYSIS PROCEDURE 

The following procedure should be completed to successful analysis the use of BIM on 

The Housing and Food Service Warehouse and Bakery Addition and Renovation.  

 Determine the different uses of 3D models for coordination.  

 Look into reasons the owner decided to not use BIM initially.  

 Evaluate the costs of a 3D and 4D model.  

 Look into the estimated costs associated with change orders.  

 Evaluate the duration of creating the 3D and 4D model.  

 Determine possible schedule savings by limiting the number of RFI’s.  

 Research facility maintenance scenarios. 

 

4.5 PREDICTED OUTCOME 

With the use of 3D coordination the predicted outcome for this analysis is that BIM will be 

very useful. A 3D model of the existing building will help substantially by preventing RFI’s 

and change orders. With the 3D model complete, clash detection software could be 

used which will again limit the amount of RFI’s and will save time for the project. The use 

of a 4D model for construction of the warehouse bays is expected to be useful in 

displaying the procedure and benefits. 
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4.6 BIM UTILIZATION 

When looking at BIM for this project, several areas could have been improved with the 

use of BIM. These areas include 3D coordination, 4D modeling and facility maintenance. 

Some typical BIM programs used could be programs such as AutoCAD Revit for 3D 

modeling or a program such as Navisworks could be used for 4D modeling and facility 

maintenance.  

Before implementing BIM on a project, the project team, workers, and owner will need 

to be able to use the programs to take full advantage of BIM’s capabilities. Training 

sessions can be used on site for the project team and workers, which will allow them to 

fully understand and use BIM to its fullest extent. This training will not necessarily teach the 

workers how to draw and model in Revit or Navisworks, but will show them how to properly 

navigate through the model to find whatever they need. These training programs are 

extremely beneficial when implementing BIM on a project.  

BIM for The HFS Warehouse and Bakery Addition and Renovation was not utilized at all. 

This does not mean that it could not have been beneficial.  These analyzes would benefit 

from BIM in many ways. Three of the main benefits would be displaying a 3D model to 

help find the issues with an as-built drawings earlier on in the project and a 4D model to 

help with the phase planning and the future maintenance required.  

If a 3D model was created, the issues with the as-built drawings would have been found 

much earlier on. When the designer using Revit was comparing the as-built to the actual 

building when he was making the model, he would have found the issue. The 3D model 

would have been created before the project even started, so all the issues would have 

Table 4 - BIM Use 
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been found before and construction took place. Finding these issues would have limited 

the amount of RFI’s and ASI’s greatly. 

 

A 4D model could have been used to effectively show the construction sequence and 

the different phases of construction. This would identify space and workspace conflicts 

and would be able to resolve these issues ahead of the construction process.  

A 4D model is a great way to show how the new construction activity will work. 

Implementing the use of large equipment, new delivery tactics, and installation 

techniques will improve the overall schedule of the project. This equipment and new 

delivery method can be displayed accurately and to scale with the use of BIM.  

In a 4D model, the equipment needed can clearly be displayed in its exact location and 

its uses. BIM can be used to show the basic aspects of construction while still explaining 

how the phase will flow with the rest of the construction activities.  

Figure 7 - BIM Use Process Map 
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The 4D model can clearly display how construction around the addition proceeds with 

the use of different colors. The model can also show the locations of the delivery trucks, 

the equipment needed, the construction trailers and the laydown area for the materials.  

The use of a 4D model can also help create maps for each phase of construction that 

can be set up around the site on the inside of the building and or the exterior of the 

building. These maps will allow for workers and pedestrians to see which activity is going 

on and the current traffic plan around the site. This will be beneficial when traffic needs 

to be closed off for the delivery. These maps can also help keep pedestrians out of 

danger zones during the entire construction process.  

With facilities management the owner has different ways of approaching issues to the 

building. One option known as Space/Real Estate Management is where all the space is 

clearly defined and anyone looking at the model can tell exactly what goes in the space 

and what goes on in the space. The second option is Project Management, which helps 

future contractors do any renovations that may occur. The last option is Asset 

Management which helps with the equipment maintenance in the building. 

4.7 RECOMMENDATIONS 

In conclusion the implementation of BIM has many potential benefits to help with 

coordination, phasing and facility maintenance. Using BIM can be very useful in limiting 

the amount of time wasted with RFI’s, can help with the phasing and construction 

activities, and can aid with future maintenance. 

 

5.0 INDOOR AIR QUALITY 

5.1 PROBLEM IDENTIFICATION 

Kinsley Construction did not seeking any LEED accreditation for The HFS Warehouse and 

Bakery Expansion. A significant portion of the LEED credits come from the interior space 

of the building to ensure that there are efficient systems, recycled materials, and what 

could be most important, a healthy environment for the building occupants. In today’s 

industry, indoor air quality (IAQ) is an important issue dealing with mechanical systems 

that supply fresh air and the occupants’ health. IAQ is known to effect occupant health 

in that contaminant concentrations in the environment are an important contributor to 

the total air pollutant intake that an individual experiences.  

The HFS facility’s indoor air quality is as especially important issue. When the mechanical 

ducts were redesigned, it is uncertain that the same amount of outside air to recirculated 

air fraction was kept consistent. 
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5.2 PROPOSED SOLUTIONS 

For this analysis an IAQ calculation for a single unit will be performed in order to determine 

how the system performs compared to the IAQ standard. The analysis will be performed 

in accordance to the ASHRAE Standard 62.1-2013. A definitive standard for this type of 

facility was not able to be located so the performance of the current system will be 

compared to the IAQ standard that one must reach in order to achieve the LEED credit 

using Option 2 for Minimum Indoor Air Quality Performance. After it is determined as to 

whether or not the current system performed to the standard, a Mechanical Breadth will 

determine the correct size or system that will meet the standard. 

 

 

 

Figure 8 - ASHRAE Standard 62.1 - 2013 
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5.3 ANALYSIS PROCEDURE 

To begin this analysis a single unit was chosen to analyze. The unit chosen is the largest 

unit, Unit H, the office space at 3,015 square feet. Each room was broken down into its 

own zone ASHRAE 62.1 (see Appendix E). The next step in determining the IAQ for this 

unit was to calculate the zone floor area for each room along with the zone 

population. With these variables you can calculate the Breathing Zone Outdoor Airflow 

(Vbz) using equation 6.2.2.1 below. 

𝑉𝑏𝑧 = 𝑅𝑝 × 𝑃𝑧 + 𝑅𝑎 × 𝐴𝑧  (6.2.2.1) 

Where  

𝐴𝑧 = Zone floor area, the net occupiable floor area of the ventilation zone, ft2 

𝑃𝑧 = Zone population, the number of people in the ventilation zone during typical 

usage  

𝑅𝑝 = Outdoor airflow rate required per person as determined from Table 6.2.2.1  

𝑅𝑎 = Outdoor airflow rate required per unit area as determined from Table 6.2.2.1 

The next step is to determine the Zone Air Distribution Effectiveness (Ez) (see Appendix 

E). For this type of air distribution configuration the distribution effectiveness is 1.0. Using 

this value and the values determined using equation 6.2.2.1, you can determine the 

Zone Outdoor Airflow using equation 6.2.2.3 below. 

𝑉𝑜𝑧 = 𝑉𝑏𝑧/𝐸𝑧   (6.2.2.3) 

Using equation 6.2.2.3 above the next step is to calculate the Zone Outdoor Airflow for 

each zone in Unit H. After completing this analysis and adding up the Zone Outdoor 

Airflow for each zone it was determined that an additional 383 CFM of outdoor air 

needs to be added to the system in order to meet the requirements set by the U.S. 

Green Building Council in order to reach the Indoor Air Quality requirement. Table 5 on 

the following page shows the steps taken in this portion of the analysis. 
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5.4 RECOMMENDATIONS 

Indoor Air Quality (IAQ) is an important design criteria in today’s industry. It is especially 

important in a facility such as The HFS Warehouse and Bakery. Analysis 3 focuses on 

determining the IAQ of the current system and determining an alternate system through 

a mechanical breadth. After completing the analysis it was determined that the current 

system fell somewhat short and a 100% outdoor air system was chosen. It is 

recommended to use the 100% outdoor air system for The Housing and Food Service 

Warehouse and Bakery. 

 

 

 

 

 

 

 

 

 

Table 5 - Indoor Air Quality Analysis 
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6.0 MECHANICAL BREADTH 

The main contributor to indoor air quality is the ratio of outside air to recycled air that is 

used in the system, the more outside air the better the IAQ. With that being the case, for 

this mechanical breadth, using the outdoor air requirements from the analysis above, a 

100% outdoor air unit design will be determined for Unit H.  

In order to calculate the cooling and heating loads you first have to determine the 

design parameters for the location of your building. For this case the building is located 

in State College, PA and the design parameters for this area can be seen in Figure 9 

below. The ASHRAE 1% parameters will be used for both the dry and wet bulb variables 

for this analysis. 

 

 

Figure 9 - Design Parameters 
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The first step will be determining the cooling load for Unit H. When calculating the 

cooling load, equation 1 below is used. 

𝑞̇ (𝑏𝑡𝑢) = 4.5 𝐶𝐹𝑀 𝛥ℎ   (Equation 1) 

In the equation above, 4.5 is a constant, the CFM refers to the total outdoor air supply 

from the analysis above and delta h is the difference in enthalpy using a psychrometric 

chart. For the cooling load the design parameters for Summer Design Cooling are used 

from Figure 9 above. Those values are 90.1 for the Dry bulb and 74.5 for the Wet bulb. 

For this analysis a relative humidity of 60% will be used with an indoor temperature of 75° 

F. The psychrometric chart used to determine the enthalpy change, delta h, can be 

seen below. 

 

Figure 10 - ASHRAE Psychrometric Chart for Cooling Load 

From the chart above you can see that h1 = 38.8 btu/lbm and h2 = 30.4 btu/lbm. Using 

these values and our previous outdoor air supply of 383 cfm you are left with the 

equation below. 

𝑞̇ (𝑏𝑡𝑢) = 4.5 (383) (38.8 − 30.4) 

𝑞̇ (𝑏𝑡𝑢) = 14,477.4 𝑏𝑡𝑢ℎ = 𝟏𝟒. 𝟓 𝒎𝒃𝒉 



28 

 

 
JOSEPH RUTT | Construction Management 

The original system for this unit provided 54.9 mbh for cooling, for the 100% outside air 

system the 14.5 mbh calculated will be added to this amount for a total of 69.4 mbh. A 

new 100% outdoor air system will need to be able to support this cooling load in order 

to meet that demand for this unit. 

The next part of this analysis is to determine the heating load for Unit H. This is done by 

finding the sensible load (q ̇sens) and the latent load (q ̇lat) for the space. The sensible 

heat load takes into consideration the difference between the outside temperature 

and the amount of outside air needed. Equation 2 below shows this relationship. 

𝑞̇  𝑠𝑒𝑛𝑠 = 1.08 𝐶𝐹𝑀 𝛥𝑇   (Equation 2) 

Again using the design parameters for the State College, PA area the heating load was 

designed with a Dry bulb temperature of 15.8° F. The calculated 383 cfm from the 

previous analysis is also used along with the indoor temperature of 75° F. This calculation 

is shown below. 

𝑞̇  𝑠𝑒𝑛𝑠 = 1.08 (383) (75 − 15.8) 

𝑞̇  𝑠𝑒𝑛𝑠 = 24,487.5 𝑏𝑡𝑢ℎ = 𝟐𝟒. 𝟓 𝒎𝒃𝒉 

The heating load above is added to the current load of 100 mbh for a total of 124.5 

mbh load for Unit H 

The new 100% outdoor air system will need to be able to supply a cooling load of 69.4 

mbh and a heating load of 124.5 mbh. 

The next step for this mechanical breadth is to determine the cost implications with 

changing the mechanical system from its current system to a 100% outdoor air system. 

Cost information was taken from RS Means 2014 Mechanical Cost Data. 

Using the loads from the first part of the analysis, another unit size was chosen and is 

denoted as the 100% Outdoor Air Cooling/Heating System – Unit H. This system does not 

differ much from the current system other than the increase in MBH for the heating 

system. The cost difference, although more than the current system, is also not very 

substantial at $280.00. This additional price can be offset by the deletion of the return air 

ducts for the current system; these will no longer be needed with a system using 100% 

outside air. This could not be as clearly shown for Unit H. 

6.1 RECOMMENDATIONS 

Following this mechanical breadth and analysis of the indoor air quality it would be 

recommended to go forth with the 100% outdoor air system. The cost of this change 

would not negatively affect the overall budget and it would provide residents with a 

higher quality style of living. 
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7.0 LEED CERTIFICATION 

7.1 PROBLEM IDENTIFICATION 

The original project took no considerations to pursue a LEED certification. After reviewing 

the current design, renovation and addition, it became evident that the project already 

would be capable of acquiring a LEED certification. With only minor changes, the project 

is capable of acquiring at least 40 LEED points deeming it suitable for a LEED Certified 

rating. 

7.2 PROPOSED SOLUTIONS 

The final analysis is the pursuit of a LEED Certification and a more sustainable project. The 

current project plans and methods will be evaluated through the LEED Certification 

process along with rational changes to acquire the most LEED points and highest LEED 

certification. 

Research of the new green buildings systems will evaluate the benefits of a sustainable 

and LEED certified project.  New systems and methods will be researched to maximize 

energy and cost savings along with construction efficiency. 

7.3 BACKGROUND RESEARCH 

With the process of a LEED certification comes many other benefits to the construction 

and lifespan of the project at hand. The process offers rigorous third party commissioning 

to enhance the design and construction in many different ways. The certification of a 

sustainable projects lets the owner as well as the users of the building know that effective 

measures were taken to ensure an environmentally conscientious building was 

produced.  

The decision to pursue a LEED certified and green building can result in many different 

benefits. Lower operating costs and higher asset value, reduced project waste, energy 

conservation, a healthier, safer, and more productive environment for all future users, 

reduced greenhouse gas emissions, and tax rebates are just a few of the incentives to 

choose a green project. 

7.4 ANALYSIS PROCEDURE 

To produce a LEED Certified building there are many requirements, but it starts with the 

LEED Checklist and a targeted level of certification. The LEED Checklist will allow the 

owner and architect to look for certain points they can reasonably with minimum 

changes to obtain, and there are others which they will coordinate the projects design 

to obtain. After analyzing the checklist and even conducting a rough estimate of the 
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cost of the projected points, the owner will then decide on the targeted level of 

certification.  

Through this analysis the targeted LEED points will be evaluated as the owner and 

General Contractor would after the project was completed. The credits will be tallied 

and if the project team succeeds the project will be awarded with one of the four LEED 

Certifications. The LEED Checklist can be found on the USGBC’s LEED website, which will 

provide the guidelines for assessing the degree of sustainability incorporated in the 

project. The credits awarded will be categorized under six LEED categories. 

INTEGRATIVE PROJECT PLANNING AND DESIGN  

Integrative Process – 1 point acquired 

By integrating the project between multiple facets of the project team the project and 

obtain this prerequisite the project will have to be integrated between four of the main 

players in the construction process. This project would most easily be able to integrate 

the architect, general contractor, civil engineer, and landscape architect, as these are 

the most prevalent teams in the project’s completion. 

LOCATION AND TRANSPORTATION 

Sensitive Land Protection – 1 point acquired 

The first LEED credit available is the Sensitive Land Protection credit, which defines any 

development footprint not located on a land defined as Prime Farmland, Floodplains, 

Species, Water Bodies, or Wetlands. These land types are further defined in the LEED v4 

Building Design and Construction Addenda. With this criteria filled they can acquire one 

credit for Sensitive Land Protection. 

High Priority Site – 1 point acquired 

To encourage project location in areas with development constraints and promote the 

health of the surrounding area. 

Surrounding Density and Diverse Uses – 2 points acquired 

Construct or renovate the project on a previously developed site that was used for 

industrial or commercial purposes. 

Access to Quality Transit – 5 points acquired 

Locate any functional entry of the project within a ¼-mile (400-meter) walking distance 

of existing or planned bus, streetcar, or rideshare stops, or within a ½-mile (800-meter) 

walking distance of existing or planned bus rapid transit stops, light or heavy rail stations, 

commuter rail stations, or commuter ferry terminals. Planned stops and stations may 
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count if they are sited, funded, and under construction by the date of the certificate of 

occupancy and are complete within 24 months of that date. 

Bicycle Facilities – 1 point acquired 

Design or locate the project such that a functional entry or bicycle storage is within a 

200-yard (180- meter) walking distance or bicycling distance from a bicycle network that 

connects to at least one of the following:  

 At least 10 diverse uses  

 A school or employment center, if the project total floor area is 50% or more 

residential; or  

 A bus rapid transit stop, light or heavy rail station, commuter rail station, or ferry 

terminal. All destinations must be within a 3-mile (4800-meter) bicycling distance 

of the project boundary. 

SUSTAINABLE SITES 

Site Assessment – 1 point acquired 

Complete and document a site survey or assessment1 that includes the following 

information:  

 Topography. Contour mapping, unique topographic features, slope stability risks. 

 Hydrology. Flood hazard areas, delineated wetlands, lakes, streams, shorelines, 

rainwater collection and reuse opportunities, TR-55 initial water storage capacity 

of the site (or local equivalent for projects outside the U.S.). 

 Climate. Solar exposure, heat island effect potential, seasonal sun angles, 

prevailing winds, monthly precipitation and temperature ranges. 

 Vegetation. Primary vegetation types, greenfield area, significant tree mapping, 

threatened or endangered species, unique habitat, invasive plant species.  

 Soils. Natural Resources Conservation Service soils delineation, U.S. Department of 

Agriculture prime farmland, healthy soils, previous development, disturbed soils 

(local equivalent standards may be used for projects outside the U.S.).  

 Human use. Views, adjacent transportation infrastructure, adjacent properties, 

construction materials with existing recycle or reuse potential.  

 Human health effects. Proximity of vulnerable populations, adjacent physical 

activity opportunities, proximity to major sources of air pollution. The survey or 

assessment should demonstrate the relationships between the site features and 

topics listed above and how these features influenced the project design; give 

the reasons for not addressing any of those topics. 

 

Open Space – 1 point acquired 
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Provide outdoor space greater than or equal to 30% of the total site area (including 

building footprint). A minimum of 25% of that outdoor space must be vegetated (turf 

grass does not count as vegetation) or have overhead vegetated canopy. 

Rainwater Management – 1 point acquired 

In a manner best replicating natural site hydrology processes, manage on site the runoff 

from the developed site for the 95th percentile of regional or local rainfall events using 

low-impact development (LID) and green infrastructure. 

WATER EFFICIENCY 

Indoor Water Use Reduction – 4 points acquired 

All newly installed toilets, urinals, private lavatory faucets, and showerheads that are 

eligible for labeling must be WaterSense labeled (or a local equivalent for projects 

outside the U.S.). 

Further reduce fixture and fitting water use from the calculated baseline in WE 

Prerequisite Indoor Water Use Reduction. Additional potable water savings can be 

earned above the prerequisite level using alternative water sources. Include fixtures and 

fittings necessary to meet the needs of the occupants. Some of these fittings and fixtures 

may be outside the tenant space (for Commercial Interiors) or project boundary (for New 

Construction) 

Water Metering – 1 point acquired 

Install permanent water meters for two or more of the following water subsystems, as 

applicable to the project. 

ENERGY AND ATMOSPHERE 

Optimize Energy Performance – 8 points acquired  

Establish an energy performance target no later than the schematic design phase. The 

target must be established as kBtu per square foot-year (kW per square meter-year) of 

source energy use. 

Enhanced Refrigerant Management – 1 point acquired 

Select refrigerants that are used in heating, ventilating, air-conditioning, and refrigeration 

(HVAC&R) equipment to minimize or eliminate the emission of compounds that 

contribute to ozone depletion and climate change. The combination of all new and 

existing base building and tenant HVAC&R equipment that serve the project. 
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MATERIALS AND RESOURCES 

Construction and Demolition Waste Management – 2 points acquired 

Develop and implement a construction and demolition waste management plan:  

 Establish waste diversion goals for the project by identifying at least five materials 

(both structural and nonstructural) targeted for diversion. Approximate a 

percentage of the overall project waste that these materials represent.  

 Specify whether materials will be separated or comingled and describe the 

diversion strategies planned for the project. Describe where the material will be 

taken and how the recycling facility will process the material. 

INDOOR ENVIRONMENTAL QUALITY 

Enhanced Indoor Air Quality Strategies – 2 points acquired 

Comply with the following requirements, as applicable.  

Mechanically ventilated spaces:  

 entryway systems 

 interior cross-contamination prevention 

 filtration.  

Naturally ventilated spaces:  

 Entryway systems 

 natural ventilation design calculations.  

Mixed-mode systems: 

 Entryway systems 

 interior cross-contamination prevention 

 filtration 

 natural ventilation design calculations 

 mixed-mode design calculations 

Low-Emitting Materials – 3 points acquired 

This credit includes requirements for product manufacturing as well as project teams. It 

covers volatile organic compound (VOC) emissions in the indoor air and the VOC 

content of materials, as well as the testing methods by which indoor VOC emissions are 

determined. Different materials must meet different requirements to be considered 

compliant for this credit. The building interior and exterior are organized in seven 

categories, each with different thresholds of compliance. The building interior is defined 

as everything within the waterproofing membrane. The building exterior is defined as 
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everything outside and inclusive of the primary and secondary weatherproofing system, 

such as waterproofing membranes and air- and water-resistive barrier materials. 

Construction Indoor Air Quality Management Plan – 1 point acquired 

Develop and implement an indoor air quality (IAQ) management plan for the 

construction and preoccupancy phases of the building. The plan must address all of the 

following.  

During construction, meet or exceed all applicable recommended control measures of 

the Sheet Metal and Air Conditioning National Contractors Association (SMACNA) IAQ 

Guidelines for Occupied Buildings under Construction, 2nd edition, 2007, ANSI/SMACNA 

008–2008, Chapter 3.  

Protect absorptive materials stored on-site and installed from moisture damage.  

Do not operate permanently installed air-handling equipment during construction unless 

filtration media with a minimum efficiency reporting value (MERV) of 8, as determined by 

ASHRAE 52.2–2007, with errata (or equivalent filtration media class of F5 or higher, as 

defined by CEN Standard EN 779–2002, Particulate Air Filters for General Ventilation, 

Determination of the Filtration Performance), are installed at each return air grille and 

return or transfer duct inlet opening such that there is no bypass around the filtration 

media. Immediately before occupancy, replace all filtration media with the final design 

filtration media, installed in accordance with the manufacturer’s recommendations.  

Prohibit the use of tobacco products inside the building and within 25 feet (7.5 meters) of 

the building entrance during construction. 

Indoor Air Quality Assessment – 2 points acquired 

After construction ends and before occupancy, but under ventilation conditions typical 

for occupancy, conduct baseline IAQ testing using protocols consistent with the methods 

listed for all occupied spaces. Use current versions of ASTM standard methods, EPA 

compendium methods, or ISO methods, as indicated. Laboratories that conduct the tests 

for chemical analysis of formaldehyde and volatile 126 Updated to reflect the April 5, 

2016 LEED v4 Building Design and Construction Addenda organic compounds must be 

accredited under ISO/IEC 17025 for the test methods they use. Retail projects may 

conduct the testing within 14 days of occupancy. 

Interior Lighting – 1 point acquired 

For all shared multioccupant spaces, meet all of the following requirements. 
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 Have in place multizone control systems that enable occupants to adjust the 

lighting to meet group needs and preferences, with at least three lighting levels or 

scenes (on, off, midlevel). 

 Lighting for any presentation or projection wall must be separately controlled. 

 Switches or manual controls must be located in the same space as the controlled 

luminaires. A person operating the controls must have a direct line of sight to the 

controlled luminaires. 

INNOVATION 

LEED Accredited Professional – 1 point acquired 

At least one principal participant of the project team must be a LEED Accredited 

Professional (AP) with a specialty appropriate for the project. 

 

REGIONAL PRIORITY 

Regional Priority – 2 points acquired 

Earn up to four of the six Regional Priority credits. These credits have been identified by 

the USGBC regional councils and chapters as having additional regional importance for 

the project’s region. A database of Regional Priority credits and their geographic 

applicability is available on the USGBC website 
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Figure 11 - LEED Score Card 

7.5 PREDICTED OUTCOME 

The Housing and Food Services Warehouse and Bakery expansion already has potential 

LEED points, but with the implementation of the proposed systems; there is even more 

prospective points to be gained.  The evaluation of the project after the changes have 

been made should result in a least a LEED Certified accreditation. 

7.6 RECOMMENDATIONS 

In conclusion after implementing all of the previous analyses, it would be almost an 

obvious decision to pursue a LEED Certification. The certification will not only 

commemorate the sustainability considerations of this project, but also interconnect all 

of the sustainable opportunities together. With a LEED score of 42 points, there may be 

some points that the team didn’t intend on achieving and some that they may have 

already planned on acquiring that didn’t work out for them. As a backup there are 22 

possible points, which may or may not be achievable, but four of them are guaranteed 

if the owner is willing to pay for the additions.  

LEED v4 for BD+C: Warehouses and Distribution Centers

Project Checklist Housing and Food Service Warehouse and Bakery

Y ? N

1 Credit 1

10 1 5 16 2 2 6 13
Credit 16 Y Prereq Required

1 Credit 1 Y Prereq Required

1 1 Credit 2 2 Credit 5

2 3 Credit 5 2 Credit 2

5 Credit 5 2 Credit 2

1 Credit 1 2 Credit Building Product Disclosure and Optimization - Material Ingredients 2

1 Credit 1 2 Credit 2

1 Credit Green Vehicles 1

9 1 6 Indoor Environmental Quality 16

3 2 5 10 Y Prereq Required

Y Prereq Required Y Prereq Required

1 Credit 1 2 Credit 2

2 Credit 2 3 Credit 3

1 Credit 1 1 Credit Construction Indoor Air Quality Management Plan 1

1 2 Credit 3 2 Credit 2

2 Credit 2 1 Credit 1

1 Credit 1 1 1 Credit 2

3 Credit 3

5 2 4 11 1 Credit 1

Y Prereq Required 1 Credit 1

Y Prereq Required

Y Prereq Building-Level Water Metering Required 1 2 3 Innovation 6

2 Credit 2 2 3 Credit 5

4 2 Credit 6 1 Credit 1

2 Credit 2

1 Credit Water Metering 1 2 0 2 Regional Priority 4

1 Credit Regional Priority: Specif ic Credit 1

9 12 # 33 1 Credit Regional Priority: Specif ic Credit 1

Y Prereq Required 1 Credit Regional Priority: Specif ic Credit 1

Y Prereq Required 1 Credit Regional Priority: Specif ic Credit 1

Y Prereq Required

Y Prereq Required 42 22 43 TOTALS Possible Points: 110

6 Credit 6 Certified: 40 to 49 points,   Silver: 50 to 59 points,  Gold: 60 to 79 points,  Platinum: 80 to 110 

8 10 Credit 18

1 Credit 1

2 Credit 2

3 Credit 3

1 Credit 1

2 Credit 2

Storage and Collection of Recyclables

Minimum Energy Performance

Enhanced Commissioning

Construction and Demolition Waste Management 

Minimum Indoor Air Quality Performance

Environmental Tobacco Smoke Control

Enhanced Indoor Air Quality Strategies

LEED Accredited Professional

Quality View s

Acoustic Performance

Interior Lighting

Innovation  

Low -Emitting Materials

Thermal Comfort

Indoor Air Quality Assessment

Site Development - Protect or Restore Habitat

Open Space

Rainw ater Management

Green Pow er and Carbon Offsets

Indoor Water Use Reduction

Fundamental Refrigerant Management

Energy and Atmosphere

Optimize Energy Performance

Heat Island Reduction

Daylight

Enhanced Refrigerant Management

Demand Response

High Priority Site

Bicycle Facilities

Indoor Water Use Reduction

Outdoor Water Use Reduction

Light Pollution Reduction

Outdoor Water Use Reduction

Surrounding Density and Diverse Uses

Access to Quality Transit

Cooling Tow er Water Use

Reduced Parking Footprint

Construction Activity Pollution Prevention

Advanced Energy Metering

Fundamental Commissioning and Verif ication

Project Name:

Date: 4/4

Integrative Process

Location and Transportation

Renew able Energy Production

Building-Level Energy Metering

Materials and Resources

Construction and Demolition Waste Management Planning

Building Life-Cycle Impact Reduction

LEED for Neighborhood Development Location

Site Assessment

Sustainable Sites

Building Product Disclosure and Optimization - Sourcing of Raw  Materials

Sensitive Land Protection

Building Product Disclosure and Optimization - Environmental Product

Declarations

Water Efficiency
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Of course the decision to pursue a LEED Certification is predominately up to the owner. 

Although, there are clear reasons why this is a beneficial decision to the owner. 

Sustainable buildings are a great representation of the principles and values the owner 

wants to portray. Sustainable buildings are not only environmentally friendly but also very 

cost saving in the long run 

 

8.0 ELECTRICAL BREADTH 

The existing design of the electrical system have two power distributions of 208Y/120V. 

The breadth will focus on the possibility of updating the electrical system voltage to 

480Y/277V from the existing design of 208Y/120V. For the convenience of comparing 

system efficiency and cost effectiveness, the impact from the proposing LEED Analysis 

will not be counted in this analysis; i.e. the addition power from the rooftop wind turbine 

system will not be included in the LEED analysis. Because the original system is selected 

based on a preliminary estimate, the exact electrical load that can be provide with the 

on-site generator is undefined. Thus, in this analysis, the electric loads will be assumed to 

meet the designed system.  

Theoretically, with the rooftop turbine units and the pole mounted wind turbine, power 

consumption of the building from the main power supply is expect to decrease and thus 

reduce the building operation cost in long run. A life cycle cost analysis of the updated 

system compared to the original design will be done in the Value Engineering Analysis. 
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8.1 EXISTING ELECTRICAL SYSTEM 

The existing electrical design for The HFS Warehouse and Bakery utilizes two parallel 

services entrances connects to the switchgears with incoming service voltage of 

208Y/120V. 

 

The switchboard schedule shown above is used to determine the loads switchboards 

need to feed for different sets of feeders. All the feeders feed to lighting panels are 

assumed to be supplied by 480Y/277V system. The calculations of new feeder sizes are 

demonstrated below. The new proposed sizes exclude the calculation of grounding 

wire. 

Table 6 – Switchboard Schedule 
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New voltage ratings are modified as showed in the previous table. The wire size is much 

smaller when sized with conservative criteria. The feeder size differences are very 

significant after the calculation. 

8.2 CONCLUSION OF ELECTRICAL BREADTH 

Based on the calculations, also given the condition of The HFS Warehouse and Bakery, 

there will be a benefit if the wires are sized up. The payback periods are relatively short. 

Thus the upsizing of the wires are recommended. 

8.3 RECOMMENDATIONS 

Based on the study, cost saving and benefits are reasonable for the improvement of 

Value Engineering by implementing roof-top wind turbine system. The payback periods 

are very short assuming the project can obtain funding from the state and industry. 

 

 

 

 

 

 

Table 7 - Feeder Sizes 
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9.0 FINAL RECOMMENDATIONS 

ANALYSIS 1: SIPS ANALYSIS 

This analysis focuses on reducing the time to renovate the office space in the Housing 

and Food Services building.   The area of investigation would be to see if implementing a 

SIP schedule to the renovation of the office space would accelerate the schedule and 

reduce office downtime.  

By investigation and applying a SIP Schedule for the interior renovation of the Housing 

and Food Services office space, the project schedule should be accelerated to alleviate 

office downtime by about five weeks.  A small increase in man power for particular trades 

was necessary.  

ANALYSIS 2: BIM UTILIZATION 

The schedule is a main concern for the owner. The project needs to finish on time so 

regular production and storage can occur. One main issue that has held the project up 

is that there was no as-built drawing for the original warehouse and bakery. There was a 

lot of wasted time when the project team and the architect were trying to communicate 

and collaborate. A large contingency was held in case any problems occurred during 

construction. Many RFI’s and ASI’s were submitted and take time to get answers, which 

can cause major schedule delays. The implementation of BIM will also help the owner 

with operation and maintenance after the building is turned over.  

In conclusion the implementation of BIM has many potential benefits to help with 

coordination, phasing and facility maintenance. Using BIM can be very useful in limiting 

the amount of time wasted with RFI’s, can help with the phasing and construction 

activities, and can aid with future maintenance. 

ANALYSIS 3: INDOOR AIR QUALITY 

Indoor Air Quality (IAQ) is an important design criteria in today’s industry. It is especially 

important in a facility such as The HFS Warehouse and Bakery. Analysis 3 focuses on 

determining the IAQ of the current system and determining an alternate system through 

a mechanical breadth. After completing the analysis it was determined that the current 

system fell somewhat short and a 100% outdoor air system was chosen. It is 

recommended to use the 100% outdoor air system for The Housing and Food Service 

Warehouse and Bakery. 
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ANALYSIS 4: LEED CERTIFICATION 

In conclusion after implementing all of the previous analyses, it would be almost an 

obvious decision to pursue a LEED Certification. The certification will not only 

commemorate the sustainability considerations of this project, but also interconnect all 

of the sustainable opportunities together. With a LEED score of 42 points, there may be 

some points that the team didn’t intend on achieving and some that they may have 

already planned on acquiring that didn’t work out for them. As a backup there are 22 

possible points, which may or may not be achievable, but four of them are guaranteed 

if the owner is willing to pay for the additions.  

Of course the decision to pursue a LEED Certification is predominately up to the owner. 

Although, there are clear reasons why this is a beneficial decision to the owner. 

Sustainable buildings are a great representation of the principles and values the owner 

wants to portray. Sustainable buildings are not only environmentally friendly but also very 

cost saving in the long run 
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APPENDIX A: PROJECT SCHEDULE 
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APPENDIX B: EXISTING SITE CONDITIONS 
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APPENDIX C: GENERAL CONDITIONS ESTIMATE 

Code Work Description Cost per Unit Quantity UOM Total Estimate

01.21.00 Project Manager Labor $2,415.00 32 Wk $76,656.00

01.21.00 1-Project Laborer $993.00 63 Wk $63,038.00

01.21.00 1-Project Laborer $993.00 32 Wk $31,519.00

01.21.00 Superintendent Labor $1,250.00 63 Wk $79,354.00

01.21.00 Asst. Superintendent Labor $880.00 63 Wk $55,865.00

01.21.00 Administration Clerical Labor $425.00 63 Wk $26,980.00

Subtotal $333,412.00

01.32.23 Survey $850.00 2 EA $1,700.00

01.43.39 Mockups $800.00 1 LS $800.00

01.45.23 Testing & Allowances (Soils) $1,200.00 16 LS $20,069.00

01.45.29 Concrete Testing $402.00 6 LS $2,261.00

Subtotal $24,830.00

01.32.33 Photographic Documentation $25.00 12 MO $300.00

01.51.13 Trailer Electric Service Install $965.00 1 LS $965.00

01.51.13 Trailer Electric Monthly Cost $550.00 12 MO $6,600.00

01.51.13 Temp. Power Installaton $200.00 2 LS $400.00

01.51.13 Temp. Power Usage $300.00 12 MO $3,600.00

01.51.23 Temp. Heat - Equipment $120.00 2 Bldg. $240.00

01.51.29 Temp. Heat Fuel $3,575.00 2 Bldg. $7,150.00

01.51.33 Trailer Telephone Monthly Costs $400.00 12 MO $4,800.00

01.51.36 Drinking Water & Cups $50.00 12 MO $600.00

01.51.36 Temp. Water Installation $600.00 1 LS $600.00

01.51.36 Temp. Water Usage $30.00 12 MO $360.00

01.52.13 Site Trailer Set-up & Tear-down $780.00 1 LS $780.00

01.52.13 Trailer Field Office Rental $500.00 12 MO $6,000.00

01.52.13 Storage Containers/Trailers $250.00 12 MO $3,000.00

01.52.19 Temp. Toilets (cost per based upon 5 toilets) $500.00 12 MO $6,000.00

01.54.19 Rental Equipment $3,600.00 6 EA $21,600.00

01.56.26 Temp. Fencing (6mo-1yr rental with RR) $4.50 1600 LF $7,200.00

01.58.13 Temp. Project Signage $1,000.00 1 LS $1,000.00

Subtotal $71,195.00

01.51.16 Fire Protection (fire extinguisers) $65.00 10 EA $650.00

01.52.16 First Aid/Safety Supplies $150.00 2 LS $300.00

Subtotal $950.00

01.74.13 Final Clean Building $0.35 94000 SF $32,900.00

01.74.19 Dumpsters $600.00 94000 SF $56,400.00

Subtotal $89,300.00

01.78.53 Drawing Reprodction $0.07 94000 SF $6,580.00

Subtotal $6,580.00

General Requirements Total $526,267.00

Miscellaeous

Supervision/Proect Management

Field Engineering

Administrative

Safety

Cleanup
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APPENDIX D: SIPS MATRIX 
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ID Activity

1 Hang Drywall

2 Spackle/Finish Drywall

3 Prep, Prime and Paint Walls

4 Prep, Prime and Paint Ceilings

5 Install Casework

6 Install Lighting Fixtures

7 Install Countertops

8 Install Hard Wood Flooring

9 Install Plumbing Fixtures

10 Final Paint

11 Install Door Hardware

12 Final Finish Carpentry

13 Install Carpet

14 Final Electric

15 Cleanup

Office Renovation Activities
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APPENDIX E: DUCT WORK TABLES 
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APPENDIX F: LEED SCORE CARD 

 

 

 

 

 

 

 

LEED v4 for BD+C: Warehouses and Distribution Centers

Project Checklist Housing and Food Service Warehouse and Bakery

Y ? N

1 Credit 1

10 1 5 16 2 2 6 13
Credit 16 Y Prereq Required

1 Credit 1 Y Prereq Required

1 1 Credit 2 2 Credit 5

2 3 Credit 5 2 Credit 2

5 Credit 5 2 Credit 2

1 Credit 1 2 Credit Building Product Disclosure and Optimization - Material Ingredients 2

1 Credit 1 2 Credit 2

1 Credit Green Vehicles 1

9 1 6 Indoor Environmental Quality 16

3 2 5 10 Y Prereq Required

Y Prereq Required Y Prereq Required

1 Credit 1 2 Credit 2

2 Credit 2 3 Credit 3

1 Credit 1 1 Credit Construction Indoor Air Quality Management Plan 1

1 2 Credit 3 2 Credit 2

2 Credit 2 1 Credit 1

1 Credit 1 1 1 Credit 2

3 Credit 3

5 2 4 11 1 Credit 1

Y Prereq Required 1 Credit 1

Y Prereq Required

Y Prereq Building-Level Water Metering Required 1 2 3 Innovation 6

2 Credit 2 2 3 Credit 5

4 2 Credit 6 1 Credit 1

2 Credit 2

1 Credit Water Metering 1 2 0 2 Regional Priority 4

1 Credit Regional Priority: Specif ic Credit 1

9 12 # 33 1 Credit Regional Priority: Specif ic Credit 1

Y Prereq Required 1 Credit Regional Priority: Specif ic Credit 1

Y Prereq Required 1 Credit Regional Priority: Specif ic Credit 1

Y Prereq Required

Y Prereq Required 42 22 43 TOTALS Possible Points: 110

6 Credit 6 Certified: 40 to 49 points,   Silver: 50 to 59 points,  Gold: 60 to 79 points,  Platinum: 80 to 110 

8 10 Credit 18

1 Credit 1

2 Credit 2

3 Credit 3

1 Credit 1

2 Credit 2

Storage and Collection of Recyclables

Minimum Energy Performance

Enhanced Commissioning

Construction and Demolition Waste Management 

Minimum Indoor Air Quality Performance

Environmental Tobacco Smoke Control

Enhanced Indoor Air Quality Strategies

LEED Accredited Professional

Quality View s

Acoustic Performance

Interior Lighting

Innovation  

Low -Emitting Materials

Thermal Comfort

Indoor Air Quality Assessment

Site Development - Protect or Restore Habitat

Open Space

Rainw ater Management

Green Pow er and Carbon Offsets

Indoor Water Use Reduction

Fundamental Refrigerant Management

Energy and Atmosphere

Optimize Energy Performance

Heat Island Reduction

Daylight

Enhanced Refrigerant Management

Demand Response

High Priority Site

Bicycle Facilities

Indoor Water Use Reduction

Outdoor Water Use Reduction

Light Pollution Reduction

Outdoor Water Use Reduction

Surrounding Density and Diverse Uses

Access to Quality Transit

Cooling Tow er Water Use

Reduced Parking Footprint

Construction Activity Pollution Prevention

Advanced Energy Metering

Fundamental Commissioning and Verif ication

Project Name:

Date: 4/4

Integrative Process

Location and Transportation

Renew able Energy Production

Building-Level Energy Metering

Materials and Resources

Construction and Demolition Waste Management Planning

Building Life-Cycle Impact Reduction

LEED for Neighborhood Development Location

Site Assessment

Sustainable Sites

Building Product Disclosure and Optimization - Sourcing of Raw  Materials

Sensitive Land Protection

Building Product Disclosure and Optimization - Environmental Product

Declarations

Water Efficiency
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APPENDIX G: EXISTING ELECTRICAL SYSTEM 
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