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Abstract 
Designers are using Building Information Modeling (BIM) to model their buildings and to 
document their designs. BIM promotes better communication and collaboration through 3D digital 
tools and allows for automated quantification of work. However, the construction industry still 
uses traditional methods of estimating from 2D drawings. This study compares BIM based 
estimates with traditional methods used at the early stages of design using information for the WPI 
Foisie Innovation Studio. BIM-based estimates take less time with similar results to the traditional 
cost estimating.  
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Capstone Design Statement 
Designers are using Building Information Modeling (BIM) to model their buildings and to 
document their designs. BIM promotes better communication through 3D digital tools and allows 
for early collaboration on projects. BIM also allows for automated quantification of work and 
specification for material quality, since this information, that is necessary, to prepare cost estimates 
is already contained in the BIM model. By using a BIM models instead of drawings, the takeoffs, 
counts, and measurements can be generated directly from the model. 
 
The purpose of this study was to analyze the impact that BIM-based estimating has on assisting 
the design process at the early stages of design by comparing against cost estimates generated by 
traditional estimating processes. The documentation from the early design stages of the Foisie 
Innovation Studio was used to prepare these estimates. This project then discussed how 
incrementing the Level of Development (LOD) in the design model improves the scope definition 
and the accuracy of the cost estimates. The proposed suggestion considers constraints, including 
social, economic, and constructability. 
 

Social 
The acceleration of the models LOD will require the Design and Construction teams to work 
collaboratively during the early stages of preconstruction. This environment of collaboration leads 
to a positive social experience between the teams and a better project outcome.  
 

Economic 
The acceleration of the Model’s LOD will require the Design and Construction teams to make 
early design decision that impact cost and maintain budgets. This ultimately leads to more accurate 
bids, buyout, project estimating limiting variability.  
 

Constructability 
The acceleration of the Model’s LOD will require the Design and Construction teams to provide 
constructability comments earlier reducing field delays in non-constructible details. 
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Professional Licensure Statement 
A Professional Engineering License gives an engineer the authority to prepare, sign and seal 
construction drawings. An engineer’s stamp certifies an engineer’s professional work and ensures 
that the design adheres to the standards of care and practices of civil engineering, as well as 
adhering to federal, state and local government codes.  
 
To obtain a Professional Engineering License, an individual must get a Civil Engineering degree 
from a university with an accredited engineering academic program and pass the Fundamentals of 
Engineering exam (FE). The exam includes questions from all disciplines of civil engineering. 
After passing the FE an engineer becomes an Engineer in Training (EIT). To become a 
Professional Engineer (PE), an EIT works under the supervision of a Professional Engineer for 
four years depending on the state and then takes the PE exam. After successfully completing the 
PE exam, engineers then become a Professional Engineer and can officially stamp drawings hereby 
becoming responsible for the design.   
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1 Introduction 
The estimating process has always been an area surrounded by uncertainty for the construction 
industry. The level of accuracy of cost estimates depends greatly on the level of scope definition 
in the design. The accuracy also depends on other factors such as variable calculations, design 
changes, design errors and omissions in design, labor and materials market price variability and 
other issues. Many clients are skeptical of an estimator forecast, especially if empirical studies 
show that construction is characterized by uncertainties that are inevitable and difficult predict. 
 
Designers are using Building Information Modeling (BIM) to model their buildings and to 
document their designs. BIM promotes better communication through 3D digital tools and allows 
for early collaboration on projects. BIM also allows for automated quantification of work and 
specification for material quality, since this information, that is necessary, to prepare cost estimates 
is already contained in the BIM model. By using a BIM models instead of drawings, the takeoffs, 
counts, and measurements can be generated directly from the model. 
  
The purpose of this study was to analyze the impact that BIM-based estimating has on project 
estimates at the early stages of design by comparing with cost estimates generated by traditional 
estimating processes. The documentation from the early design stages of the Foisie Innovation 
Studio was used to prepare these estimates. 
 
Foisie Innovation Studio (FIS) is located on the main campus of Worcester Polytechnic Institute, 
between Higgins Laboratories and Harrington Auditorium. Foisie opened its doors in fall 2018, 
after breaking ground in May 2016. Design started in the fall of 2015. The first and second floors 
of the 78,000-square-foot residential and classroom facility include a teaching laboratory a 
makerspace, high-tech classrooms, the Center for Innovation and Entrepreneurship, and a cafe. A 
three-floor residence hall occupies levels three through six and supports one hundred forty 
students. The building total installed cost for WPI was around $49 million. 
 
The study created four estimates using different methods and compared the results of each 
estimate. The first estimate was generated using traditional cost per square foot based on RSMeans 
online software. The second, also a traditional estimate, was generated using On Screen Take-Off, 
hereafter referred to as OST and unit cost data from RSMeans online software. The third estimate 
utilized the BIM model created by Gensler the project’s architectural firm and used unit costs from 
RSMeans. The final estimate was provided by the construction managers for this project, Shawmut 
Design and Construction (Hereafter referred to as SDC). This was a schematic design estimate 
based on SDC’s quantifications of work and their own cost database. The first three cost estimates 
were then compared against the SDC for relative differential in cost prediction.  
 
The Cost Estimates for this study are limited to several systems or work packages on the Foisie 
Innovation Studio and each work package estimate is based on the scope as defined on the available 
project documentation (2D or 3D). These systems of work include the Structure, Enclosure, 
Interior Finishes, Mechanical, Electrical and Plumbing (MEP) Systems, Site work, and 
Construction Management (CM) Cost. The Site work ($1,736,500) million and CM Costs 
($10,801,902) are taken from SDC Design and Construction’s Allowances built in the estimate. 
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The total value of Traditional OST estimate equaled $31,915,257.22 The RSMeans total cost 
estimate was $31,452,192.89.  The total cost estimation of the BIM models was $30,104,859.27. 
The total construction cost from SDC schematic design estimate was $31,484,182.  
 
When the cost of the structure generated by OST was compared against the SDC cost for the 
structural system, the estimates were separated by $772,497.18. This represents a two percent 
variance from the total schematic design estimate from SDC. The enclosure cost differed by 
$310,476.20 favoring the SDC. This represents a one percent variance from the total bid cost from 
SDC. The total estimates when the excluded systems of work were supplemented by SDC cost 
estimate varied by two percent. 
 

The RSMeans estimating tool matched the SDC total design cost estimate with a variance of 
$31,989.11. This is less than one percent below the SDC estimate. The structure estimate from 
RSMeans was $1,366,603.70 while SDC’s estimate was around $3,397,500.00. This represents a 
variance of six percent. Even with this discrepancy, the total estimates matched showing that 
conceptual estimates can be used as a reliable tool for estimating but refined estimates are needed 
to actualize the cost. 
 
The total cost estimation of the BIM models was $30,102,859.27. This estimate shows minimum 
variances for individual systems of work but lacked the detail needed to provide a comprehensive 
estimate for all systems.  
 
This study shows that OST can provide specific and detailed quantities based on the needs of 
estimators and the quality of the 2D drawings but is dependent on the skill of the estimator. 
RSMeans allows a for accurate conceptual estimates but does not accurately estimate individual 
scopes of work. Revit allows estimator to keep pace with constant design changes but requires an 
updated design model to reflect the construction documents.  
 
Given the wide range of variability, typical of early cost estimates, this study showed that BIM 
based estimating methods produce results that are within 5 percent to the ones that were generated 
by the construction managers for this project. BIM-based estimates are also close to the ones 
produced using cost per square foot approaches, which is the method typically used when the 
design scope is broadly defined. 
   
BIM-based cost estimates take less time than the traditional estimating process used by 
construction managers but require specific information defined at an LOD of 300 or higher  to be 
effective. Models produced at the early stages of design typically have a lower LOD and do not 
have the information required to create refined estimates. More time needs to be invested earlier 
to create models with higher LOD. 
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2 Backgroun 
The purpose of this chapter is to define how a project is designed and delivered and the impact on 
the cost of the project during different phases of design. The phases of Design and how they impact 
the cost estimating process as shown by the MacLeamy Curve is included, as well as the different 
project delivery methods, cost accuracy at different stages of design, and how Building 
Information Modeling (BIM) effects the process. 
 

 Design and Cost Estimating 

Design is the realization of a concept, idea or theory into a drawing, plan, specification, and model 
that ultimately allows a series of objectives to be achieved or resolved. In terms of construction, 
design is the process of creating a solution to a problem and then preparing instructions allowing 
a solution to be constructed. (Strate – School of Design) 
 
Cost estimating is the practice of forecasting the cost of completing a project within a defined 
scope. It is the primary element of project cost management. Knowledge in this that involves 
planning, monitoring, and controlling a project’s monetary costs. (Smart Sheet) The total cost 
estimate is used to approve a project’s budget and manage its costs. The accuracy of the estimate 
depends heavily on the level of project scope. As the design and conditions of the project become 
better defined, so do the estimated cost values. 
 
Building design is a separated into multiple phases: conceptual, schematic, design development, 
construction documents, and construction. (See figure below for graph of design phases and how 
much design control is available at each phase) This allows for gradual development of design. 
 

Figure 1: Degree of Project Control at Each Design Phase 
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Architectural programming is the research and decision-making process that identifies the scope 
of work to be designed. This is the first phase of design and provides the architect a basis of intent 
for design. 
 
Conceptual Design is an early phase of the design process. Broad outlines of function and form of 
the building are involved in this phase. Estimates at this phase function as broad guidelines and 
are not intended for project budgets. They are used to guide the owner and design team to define 
the project scope and budget. Designs at this phase are malleable and while changes have 
significant impacts on the cost of the project. Adding square footage or adding additional floors, 
are low cost adjustments. This encourages the designers to make changes early frequently in the 
project. This fluctuation adds range of variability to the cost estimating process. 
 
Schematic design translates the project into the first iteration of physical drawings. This most often 
includes spatial relationships as well as basic. Teams determine the area physical requirements 
(Total square footage and the total project budget are associated to overall physical dimensions 
and are accompanied by a schedule). Schematic design includes a general description of building 
system parameters (structural, mechanical, HVAC, plumbing and electrical), interior and exterior 
finishes and the building site. Estimates at this phase are the basis of the project budget but still 
need to be developed along with the design. 
 
The Design Development Phase improves upon the Schematic design phase. The drawings go from 
general to specific definition of dimensions, type of materials and equipment. The primary purpose 
is to define and describe all important aspects of the project. All that remains is the formal 
documentation step of construction contract documents. These formal documents are used by 
construction managers to make project estimates that predict the total cost of the project. The cost 
to adjust design at this phase is significantly more expensive than the previous two phases. The 
goal of this phase is to finalize the design. 
 
The Construction Documents phase the architect and engineers will finalize all the technical 
drawing and engineering including detailing. Heating and air conditioning and ventilation systems, 
plumbing, electrical, gas, energy calculations, and all products and materials are selected, included 
and scheduled. The architect produces multiple drawing sets, including a filing set for approval 
from the Building Department and a separate set of Construction Drawings for the General 
Contractor (This includes documents for general conditions). Cost estimates as this phase are 
refined from the design development phase and locked into contracts that bind subcontractors. 
Estimates at this phase are complete and do not change.  
 
The Construction phase is the implementation of the design and follows the project budget and 
estimate. The project is managed to maintain budget and building design intent. Changes to design 
at this stage increase project cost significantly and required a change in the contract value called 
changed orders. 
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 Early Design Decisions and Cost Impact  

Given the nature of the design process of constructed facilities, early decisions have a major impact 
on the ultimate cost. The MacLeamy Curve (Shown below in Figure 2) shows the impact of the 
Traditional Design process vs Preferred design process along with the Ability to impact cost and 
cost of design changes curves.  

 
Figure 2: MacLeamy Curve 

 

The ability to impact cost is shown by the red curve. Early in the design stages (shown on the x-
axis), the cost to impact design is low and increases exponentially as the design progresses. The 
inverse is true for the ability to impact cost of design. Early in the design phases, the ability to 
impact the scope of the project and consequently its final cost is high and decreases exponentially 
as the design progresses. The traditional design process (Shown in black) shows that design scope 
changes gradually throughout the early stages up to the point in which Construction 
Documentation is produced. At that time, builders are invited to present bids for the construction 
of the project. Once construction bids are accepted any design change will be more costly to 
implement. On the preferred design process (shown in brown) a Construction Manager comes on 
board before construction begins and a final construction estimate is produced and includes 
constructability changes in the design to ensure the project can be built. It is under the Preferred 
Design Process (Shown in Brown) when implementation of a BIM based design approach 
produces its greater benefits. It facilitates earlier design decisions and shifts the effort of the design 
in that direction. This decreases costs to change in design and provides better designs earlier in the 
design stages. This in turns helps the estimating process get more accurate estimates. 
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 Project Delivery Methods and Cost Estimating 

Project delivery for construction is the means by which a building, a bridge or any type of project 
is designed, constructed, and delivered to an owner. The method by which a project is delivered is 
an important consideration prior to beginning a project, as it has a significant impact on cost, risk 
and the overall schedule. 
 
Projects are delivered in the way the owner chooses. To limit the number of project delivery 
methods to the three most common methods, the Associated General Contractors of America 
(Hereby referred to as AGC) defines three project delivery styles. They are Design-Bid-Build 
(Traditional), CM-At-Risk, and Design-Build. The AGC goes on to acknowledge the existence of 
other project delivery methods but relegates them to the category of “hybrids” which are some 
combination of the three primary project delivery methods as shown in figure 3 below. 
 

 
Figure 3: Design and Cost Estimating Sequence 

 

Design-Bid-Build also known as hard bid or the low bid method is considered the traditional 
project delivery method for design and construction. In this project delivery method, the design 
precedes the construction and the contract provides either a lump sum or unit price bid to obtain 
the work. Typically, the lowest responsible and responsive bidder wins the contract and performs 
the construction. The quality, price, and completion date of the contract are all established by the 
contract requirements and there is little to no ability to impact design once the contract is signed. 
As seen on the MacLeamy Curve, as the design is moved further along in the design stages, the 
cost to change the design increases, making any design changes in this form of project delivery 
expensive the ability to impact the cost is difficult. In summary, this system requires a completed 
design before the project is sent to the potential builders and any changes to the design once 
construction begins will have larger cost impacts. 
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Construction-Management-at-Risk (CMAR) has some characteristics similar to the design-bid-
build method in that the owner contracts separately with both a designer and a construction 
manager with pre-construction services. The construction manager is brought into the design 
process early to provide input into the design and provides cost estimating services throughout the 
design. During the construction phase the construction manager will assist the owner in finding 
and managing the activities of the subcontractors brought in to perform the work. The construction 
manager can assist in creating cost effective designs and limiting the scope of work to fit the 
owners budget. Involving the construction manager and designers early allows for a project to be 
more efficient and gives the estimators more involvement in the project design. This early access 
makes the project estimates more accurate. 
 
Design-Build (DB) method is where the owner contracts with a single entity (typically a combined 
design and construction firm or a joint venture) to provide the design and construction services for 
a project. This method has the advantage that the construction can begin prior to the completion 
of the design allow for an overlap of the design and construction phases. Because the design-
builder is provided integrated services, the owner can take advantage of the contractor’s expertise 
during the design phase of the project and the architect/engineer’s expertise during the construction 
phase. Having the design integrated with the construction managers input allows for the most 
impact on design for the project at the lowest cost creating better and more accurate estimates. 
 

 Design Scope and Cost Estimating Accuracy 

Cost estimating is an essential task for budgeting and bid preparation for any construction project. 
A good estimate depends on many factors including time given to the estimator, scope/design 
definition, estimator’s experience, and a wide range of assumptions regarding the project (Jrade 
and Alkass, 2007). Construction cost estimating involves collecting, analyzing, and summarizing 
all available data for a project.  
 
In traditional cost estimation the estimator divides the project into individual work items and 
estimates the quantities of materials for each work item based on 2D drawings. This is also known 
as quantity takeoff. Labor, equipment, and material needed for executing a work item are then 
determined based on the specification and the construction method. 
 
Project scope definition drives the accuracy of the estimate. As the design includes more definition 
throughout the phases of design the more accurate the cost estimate will be. At each phase of 
design there will be a level of uncertainty and where there is uncertainty the owner will apply 
contingencies. Contingencies are costs to handle unforeseen circumstances, usually based on the 
type of estimate and design stage (See Figure 4 below). 
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Figure 4: Construction Cost Estimates Accuracy for Stages of Design 

 

 

2.4.1 RSMeans Cost Data Book 

Most Contractors and designers create and maintain their own cost databases that are developed 
over the course of a firm. However, these are proprietary as they provide a competitive advantage. 
For this project RSMeans is used for the cost data base. RSMeans is a resource for construction 
project managers and is used by construction professionals to create budgets, estimate projects and 
validate their own cost data. RSMeans contains construction costs that are comprised of material, 
labor and equipment prices and can be referenced at the unit, assembly or square foot level of 
detail (RSMeans). The data is updated and published annually. This resource has been adopted as 
the only source of cost information for this project. 
 
RSMeans can generate a Cost Per SF Estimate for any project. By imputing the design constraints 
such as number of floors, type of structural material, and design intent (such as lab space, dorm, 
industrial building, etc.) total square footage, and other data, RSMeans will generate a conceptual 
estimate for the defined parameters. 
 
A Cost per SF cost estimate for the project that included Foundations, Structure, Interiors, Systems 
(Services), and Equipment. Contractor fees and Architectural Fees were included in this estimate 
to be compared to the SDC Cost estimate. This functions as the traditional conceptual Estimate. 
 

2.4.2 On-Screen Takeoff Software (OST) 

On-Screen Takeoff (OST) is a construction estimating and takeoff solutions for contractors and 
construction professionals utilizing 2D drawings. It accelerates the traditional cost estimation 
process for an estimator through computer aided functions such as Auto-Count Object, Multi-
condition Takeoff, Overlay, and Intelligent Paste Logic (On Center Software 2018). The quantities 
can be automatically accumulated and processed to be view in Excel spreadsheets. This allows for 
quicker cost estimates of 2D drawings. This approach was used to show the traditional Estimating 
method. 
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 Building Information Modeling and Cost estimating 

BIM is an acronym for Building Information Modeling. A highly collaborative process, BIM, 
allows multiple stakeholders and AEC (architecture, engineering, construction) professionals to 
collaborate on the planning, design, and construction of a building within one 3D model. This data 
allows owners and stakeholders to make decisions based on pertinent information derived from 
the model— even after the building is constructed. 
 
BIM objects, the components that make up a BIM model, are intelligent, have geometry, and store 
data. If any element is changed, BIM software updates the model to reflect that change. This allows 
the model to remain consistent and coordinated throughout the entire process so that structural 
engineers, architects, MEP engineers, designers, project managers, and contractors can work in a 
more collaborative environment. 
 
BIM technology can automatically extract information from defined models. Due to this 
automation, Building Information Modeling (BIM) offers great advantages over traditional cost 
estimating procedures while exerting significantly less effort. Cost engineers and estimators can 
use BIM technology to calculate the quantity of the model and use standard measurement methods 
to automate cost estimation processes. (Jamin Wood, Kreingsak Panuwtwnich, Jeung-Hwan Doh 
2017).  
 
Using BIM to supplement the estimating process provides greater accuracy for the estimate earlier 
in the design as shown by the MacLeamy Curve. This increases the level of accuracy in an estimate 
earlier in the project and reduces the amount of contingency needed at all stages of design as shown 
below.  

 
Figure 5: Contingency/Reliability as a Function of Project Phase (Eastman et al. 2008) 

 

The Level of Development (LOD) is a critical aspect of 3D BIM cost estimating. The Level of 
Design is a measure of how well defined a BIM model is based on the architect’s intent. The lower 
the LOD the less defined the model is. 
 
As the LOD increase the accuracy of the estimate and the effort required to model that system 
increases as well. Designers optimized their efforts by focusing on system of work that require 
higher levels of development and allowing some systems of work to have a lower level of 
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development. For example, Civil work and underground utilities have little interaction with other 
areas of work in the project while systems of work such as the steel structured and mechanical 
equipment interact with almost all systems of work. The systems of work that have a higher impact 
and generally require a higher of LOD and systems that have less of an impact have a lower LOD. 
This additional effort by the design team to have a higher LOD allows for BIM based tools to be 
used to create an accurate Estimate. 
 
Levels of accuracy required for construction management estimates ranges from 250-350 bases on 
the system of work. Below is description of each LOD. 
 
 LOD 100 - Conceptual - Here there are no geometric info in the model elements, only symbols 
with attached approximate info. 
 
LOD 200 - Design development - Now the elements are generic placeholders for elements and 
equipment to be - They may be recognizable objects or space allocations for coordination between 
the disciplines. 
 
LOD 300 - Documentation - This level should be suitable for design intent to support processes 
like costing and bidding. These models will be used to generate construction documents and shop 
drawings. You should now be able to take measurements from the models and drawings and 
locations should be accurate. 
 
LOD 350 – Model Coordination - This level defines proper cross trade coordination and will 
include connections and interfaces between disciplines. 
 
LOD 400 - Construction - This level supports detailing, fabrication and installation/ assembly. The 
contractor will be able to split construction requirements and assign to sub-contractors. 
 
LOD 500 - Facilities Management - This level will have suitable geometry and information to 
support operations and maintenance. Geometry and data should be as-built and field verified. 
 
Building information modeling (BIM) software is widely used by many construction businesses 
and are driving building work and construction management of today to more efficiency and 
transparency. The function of BIM systems goes beyond just a computer-aided design (CAD). 
When you utilize its features properly, it can help you reduce costs, spot and fix errors before they 
happen in the actual construction and accelerate construction schedules. You can see in the visual 
below the many advantages and benefits you gain from using a BIM solution. The most common 
BIM software that we will be using for this project are Revit and Navisworks. 
 

2.5.1 Autodesk Revit Software 

Revit is a software for Building Information Modeling (BIM) that creates smart 3D models of 
buildings which can then be used at all points of the design and construction process. An important 
feature in the construction process is the integration of multiple designs simultaneously. This 
allows for faster coordination of design (Autodesk 2018). Revit can help the cost estimation 
process by using the material quantity takeoff function. The limitation with accuracy of the 
quantities derived from Revit are only limited by level of development (LOD). The model used 



 

14 

 

for this project contains high level of development (above 350) that it can provide a reasonable 
and precise quantity for estimators to evaluate the cost of FIS. (BIM Forum) 
 

2.5.2 Autodesk Navisworks Software 

Navisworks is a 3D design review software that allows for coordination and review of several 
models to create a Federated Model. Within a project, multiple disciplines such as construction 
managers, architects, engineers, and subcontractors can review integrated models ensure a 
coordinated a project. This project used the material calculation process.  
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3 Methodology 
The purpose of this study is to analyze the impact that BIM based estimating has on the accuracy 
of a projects estimate and compare it to the traditional estimating processes. This study uses a 
traditional based estimate via On Screen Take-Off with RSMeans for cost data on the Foisie 
Innovation Studio. Another estimate is taken using the conceptual estimation feature from 
RSMeans. A BIM based estimate is then be generated using tools such as Revit and Navisworks 
combined with RSMeans for cost data to create a BIM based estimate for the Foisie Innovation 
Studio. These estimates is then be compared against each other and to the actual costs for the Foisie 
Innovation Studio provided by the construction manager firm SDC Design & Construction. 
 
Foisie Innovation Studio (FIS) is located on the main campus of Worcester Polytechnic Institute, 
between Higgins Laboratories and Harrington Auditorium. Foisie opened its doors in fall 2018, 
after breaking ground in May 2016. Design started in the fall of 2015. The first and second floors 
of the 78,000-square-foot residential and classroom facility include a teaching laboratory a 
makerspace, high-tech classrooms, the Center for Innovation and Entrepreneurship, and a cafe. A 
three-floor residence hall occupies levels three through six and supports one hundred forty 
students. The building total installed cost for WPI was around $49 million. 
 
The Cost Estimates for this study are limited to several systems or work packages on the Foisie 
Innovation Studio and each work package estimate is based on the scope as defined on the available 
project documentation (2D or 3D). These systems of work include the Structure, Enclosure, 
Interior Finishes, Mechanical, Electrical and Plumbing (MEP) Systems, Site work, and 
Construction Management (CM) Cost. The Site work ($1,736,500) million and CM Costs 
($10,801,902) are taken from SDC Design and Construction’s allowances listed in appendix 9.5.3 
Foisie Innovation Studio (FIS). 
 
BIM software such as Revit and Navisworks were utilized in this study to establish the cost 
estimate for the Foisie Innovation Studio (FIS). Revit was used by the designer of the Foisie 
Innovation Studio, Gensler. The CM used Navisworks. 
 

 Cost Per SF Using RSMeans Process. 

A conceptual cost estimate was created using the per square foot estimation tool of the RSMeans 
online resource. Two separate estimates were made based on the two main types of building used:  
The Laboratory/Classroom space and the dormitory space. The estimates were located and sized 
according to the total area of each function used (33,000 SF Lab space, 45,000 SF Dorm space). 
These estimates were then combined to create the total cost estimate of the project. These estimates 
were then organized to match the systems of work. This estimate came out to $31,452,193. (See 
Diagrams in Appendix 9.5.4) 
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 Quantity Calculation from On-Screen Takeoff 

On-Screen Takeoff is a quantity takeoff software that allows the user to take counts and 
measurements off 2D drawings in order to determine scope of each element in the project. From 
the 2D drawings, conditions are created to quantify the totals. A Condition is a measurable object 
such as a floor, wall, window, etc. A Condition includes information about the object such as: 
Name, Dimensions (wall height, for example), Layer, Quantity results, and Appearance settings. 
This information allows the user to create unique conditions for each object in the drawings. There 
are four conditions in OST: Linear, Area, Count, and Attachment. (On Center Software Manuel) 
 
Linear Conditions: These describe objects such as walls, foundations, curbs, piping, wiring, rafters, 
etc. - anything that typically is measured by linear feet, inches, meters, etc. 
 
Area Conditions: These describe objects such as slabs, ceiling tiles, flooring, roofs, and facades 
that require a measurement for total square footage. An Area Condition can calculate volume for 
objects by assigning a thickness. 
 
Count Conditions: These describe takeoff objects best quantified as an each, such as a footing, 
column, or fixture. 
 
Attachment Conditions: These are special count conditions that attach to a parent condition. For 
example, a parent could be a linear condition such as a wall and the attachment could be a window 
or a door that 'attaches' to and affects the linear or square footage results of the parent takeoff 
object (a window or door, for example, would reduce its parent object's square footage, its linear 
footage, or both). Another example is when you have drawn an area, such as an acoustical tile 
ceiling, as the parent, you use attachments for lights or other fixtures to reduce the number of tiles 
or square footage of ceiling material needed. 
 
Each unique object on a drawing must coincide with a separate condition. For example, to quantify 
the various walls in a project, a condition is created for each Type of wall such as 8'00" 1 Hour 
Fire Rated, Exterior Wall, 10' Demising 2 Hr. Wall, etc. Each change in height requires a separate 
Condition. These conditions are then tabulated. 
 
To show how On-Screen Takeoff (OST) is used, a foundation example was used to extract 
quantities (Appendix 9.1). This process was then used on the Foisie Innovation Studio project. 
(Appendix 9.2) 
 

 Quantity Calculations from Revit 

Revit is a database driven 3D modeling software that encompasses information in every element. 
Using this information rich model (BIM) we can leverage the data in these elements to create 
schedules and then to create cost estimates of elements in a building. These schedules show the 
quantities for any system in the Model in tabular form. These schedules quantities can be applied 
to a cost data base and estimate generated for the scheduled system of work. For example, a wall 
schedule can be created in Revit and all wall types, surface area, length, and any other parameter 
can be applied to the schedule. Costs for each wall type are applied through RSMeans and the cost 
for all the walls in a project are then estimated.  
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 Quantity Calculations from Navisworks 

When considering using Navisworks for model quantity takeoff, you are most interested in models 
that are rich in metadata. Navisworks will only take off model geometry when the model has 
metadata associated with it.  This is important to keep in mind when reviewing DWG formatted 
files and other file types that may not have quantity data associated with them. To take off model 
geometry, select the geometry you wish to take off. A sustainable method would be to create a 
search set for model groups.  For example, you might create a search set for footings, foundations, 
walls, doors, and so on.  An alternative method that is often employed is the use of the Select Same 
tool, a great tool to use when taking off a similar object. Similar to Revit, the quantity takeoff can 
be exported to Excel and cost applied through RSMeans. It is important to note that this estimate 
is only effective with well-defined elements. The take-off requires elements to be grouped into 
systems such as floors, walls, foundations, etc. If model elements are not grouped into the correct 
families the take-off will not necessarily be accurate. 
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4 Quantity Take-Off (QTO) Procedures for Foisie Innovation Studio 
The purpose of this chapter to provide the basis for both the traditional estimate and BIM based 
estimate through quantity take offs (QTO). The quantities derived from OST (Traditional 
Estimating Process) and Revit/Navisworks (BIM Based Estimating) are stated here. The final 
section of this chapter applies unit cost data from RSMeans for cost to the QTO. 
 

 QTO Using OST 

On Screen Take-off was used to generate the quantities for each system of work. The 2D drawings 
in PDF Format provided for the Foisie Innovation Studio and presented in detail in Appendix 9.2.1. 
These drawings were uploaded to the OST program and conditions were created for each system 
of work that was being estimated. The systems of work for the OST estimate included structure, 
enclosure, and interior finishes. All quantities listed below were taken from the 2D drawings using 
OST. The detailed process is fully documented in detail in Appendix 9.2.2. 
 

4.1.1 QTO (FIS): Structure  

The QTO of the structural included structural steel, piers, foundation wall, footings, slab on grade, 
and slab on deck. The quantities obtained for steel of beams, columns, and braces were 344.7 tons, 
70.5 tons, and 21.6 tons respectively. The details of the whole structure quantity takeoff (QTO) 
are shown in Appendix 9.2.3. 
 

4.1.2 QTO (FIS): Enclosure 

The enclosure included metal panels, roofing, doors, curtain walls, windows, masonry, and 
insulation. The details of the whole enclosure QTO are shown in Appendix 9.2.4. 
 

4.1.3 QTO (FIS): Interior Finishes 

The interior finishes included interior doors, partition walls, and windows. There were 217 interior 
doors, with a partition wall area of 168,860 square feet. The details of the interior are shown in 
Appendix 9.2.5. 
 

 Quantity Calculations from Revit & Navisworks BIM models 

To create a QTO from Revit, schedules were created for each system of work estimated. These 
systems of work included structure and interior finishes. For the structural QTO, two Revit models 
were used in the cost estimation. One model was created by students of WPI and the other model 
was created by the design company (Gensler) of the FIS project. For the interior finishes QTO, the 
Navisworks model was used in conjunction with the Revit to create an accurate QTO. 
 

4.2.1 The Student Model 

Figure 6 below, shows the model created by the students that was used to calculate the steel 
quantities by using the material takeoff function in Revit. The total steel used in the model was 
395.71 tons. The concrete used was 2916.31 cubic yards. (See quantity details in the Appendix 
9.3.3.) 
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Figure 6: Student Model 

4.2.2 The Gensler Model 

Figure 9 Below shows, the Gensler structure model which was more accurate than the student 
model because it was the final construction document. The total steel in the model was 395.65 
tons. The concrete used was 3294.04 cubic yards. (See quantity details in the Appendix 9.3.4.)  

 
Figure 7: Gensler Model 

 Navisworks 

The Navisworks model was also used to calculate the QTO for interiors in this project. Navisworks 
models are exported from Revit models and can only replicate the information included in the 
original model. The Navisworks Model used for this project was provided by SDC. The Gensler 
REVIT model was originally used to create the SDC Navisworks model. However, SDC updated 
the content of the model as the construction of the project took place. In creating this model, In 
Navisworks, a QTO is done by using the quantification feature. Quantification helps make material 
estimates, measure areas and count building components. This information is summarized and 
shown in Figure 10 below and documented in detail in Appendix 9.4.2. 
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Figure 8: QTO Interior For Navisworks 

 The Unit Cost Data 

The unit cost data from RSMeans Data Gordian 2018 Online was used for all the QTO. For each 
condition in OST or schedule item in Revit/Navisworks a unit price was applied based on the value 
RSMeans had for that item. This unit price was then multiplied by the total amount of that item 
and given a subtotal. Shown below is an example of how the Interior finishes were estimated using 
this process. (Appendix 9.4.1) 
 

 
Figure 9: Comparison of Interior of FIS by Gensler, OST, and Navisworks 
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5 Cost Estimates 
This chapter creates four estimates using methods discussed in section 4.4 and compares the results 
of each estimate. The first estimate was generated using RSMeans cost per square foot data. The 
second estimate was generated using OST and unit cost from RSMeans. The third estimate utilized 
the BIM model and unit cost from RSMeans. The final estimate was provided by SDC. This was 
a schematic design estimate based on SDC’s quantifications of work and their own cost database. 
The first three cost estimates were then compared against the SDC for relative differential in cost 
prediction.  
 
The comparative exercise looks at the cost involving building systems: structure, enclosure, and 
interiors. The values for the other building systems were taken from the SDC schematic design 
estimate are as follows:  

Enclosure      $  3,661,750 
MEP Systems    $  8,116,825 
Equipment & Furnishings $     215,750 
Site Cost    $  1,736,500 
Allocations    $10,801,982 

 
SDC used the allocations to account for the accuracy of drawings at this stage of deign (Schematic: 
-30% to 50% as shown in figure 4). The allocations from SDC cost estimate consisted of 33 percent 
of the total budget. This was assumed to represent contractor fees, architect fees, and project 
contingency. These numbers were carried as constraints in all budgets and represented 66 percent 
of the total construction cost estimate. 
 

 Cost Estimation using the RSMeans Cost per Square Foot Method 

The building systems estimated through RSMeans included structure, enclosure, interior finishes, 
systems cost, and equipment & furnishings. Site Work was the only system of work not estimated 
and the value of $1,736,500 was carried. 
 
The Foisie Innovation Studio is a mixed function building with both a lab/academic space and 
dormitory space. In order to create an accurate estimate from RSMeans, both to these functions 
were separated out into two distinct estimates. RSMeans uses the number of floors a building has, 
the average height of each floor, whether or not a basement in included, and the total square footage 
of the building to generate an estimate. These estimates are then combined to create the total 
estimate for the Foisie building. 
 
The square footage for the dorm space had 45,000 SF with three floors and floor height of 11 feet 
8 inches. The basement was included as a part of this estimate. The lab/academic space was 33,000 
SF with two floors that are 16 feet high. This estimate did not include a basement. Each estimate 
considered Contractors fees and architect fees which are defined as allocations in SDC schematic 
design estimate. The estimate for the dormitory space was $16,506,653. The estimate for the lab 
space was $13,209,039. The total combined cost estimate from RSMeans was $31,452,192 (See 
appendix 9.5.4). See below for breakdown. 
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  RSMeans 
  

Items   Cost 

STRUCTURE 
  

$1,366,603.70 
 

ENCLOSURE 
  

$4,325,101.16 
  

INTERIOR   $3,210,309.40 

SYSTEMS COST   $11,260,314.15 

EQUIPMENT & 

FURNISHINGS 
  

$418,573.08 

SITE COST Assumed from SDC Estimate $1,736,500.00 

      

ALLOCATIONS   $9,134,791.40 

TOTAL CONSTRUCTION 

COST   $31,452,192.89 

Figure 10: Total Cost Using RSMeans 

 
A cost per square foot estimate can be developed based on the gross square footage of the building 
and this takes a day to develop.  (See Figure 14) It is typically used at the conceptual phase of 
design when often little is known about the scope of the project. However, at this stage, floor areas 
per use of the space have been well defined in the scope. 
 

 Cost Estimation Using OST 

OST was used to estimate the structure, enclosure, and interior finishes. The other building systems 
(MEP systems costs, equipment & furnishings, site costs, and allocations) were not estimated using 
OST because the drawings presented did not have enough information to quantify those systems 
of work. However, the designer provided the design intent at that stage which was used by SDC 
to estimate the cost of these components. The values of these systems of work are as follows: 
 

MEP Systems    $  8,116,825 
Equipment & Furnishings $     215,750 
Site Cost    $  1,736,500 
Allocations    $10,801,982 

 
The total value of the cost estimate after the assumed allocations from SDC schematic design 
estimate was $31,915,257. (See details in Appendix 9.5.1.) The figure below shows the total cost 
estimate for OST. 
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  OST 
  

Items   Cost 

STRUCTURE 

  

$4,169,997.18 

ENCLOSURE 

  

$3,351,273.80 

INTERIOR   $3,522,929.24 

SYSTEMS COST Assumed from SDC Estimate $8,116,825.00 

EQUIPMENT & 

FURNISHINGS 
Assumed from SDC Estimate 

$215,750.00 

SITE COST Assumed from SDC Estimate $1,736,500.00 

      

ALLOCATIONS Assumed from SDC Estimate $10,801,982.00 

TOTAL CONSTRUCTION 

COST   $31,915,257.22 

Figure 11: Total Cost of OST QTO 

 

A cost estimate using OST requires 2D drawings. This estimating approach is ideal for schematic 
and design development phases of the design. In this exercise, the estimator spent close to 200 hrs 
for the QTO and 200 hrs to research and apply the unit prices. This is based on the amount of time 
a typical estimator takes using this process. (See Figure 14) 
 

 BIM Cost Estimation of FIS 

The building systems estimated using the BIM Models included structure and interior finishes. 
These systems were estimated off the Gensler model and not the Student model. The student model 
was not used as the model did not match the drawings used in construction. The Gensler model 
was based on the design intent and drawings from the design team and therefore creates a better 
model to estimate from. All the other building systems were taken from the SDC estimate as 
follows: 
 

Enclosure     $  3,661,750 
MEP Systems    $  8,116,825 
Equipment & Furnishings $     215,750 
Site Cost    $  1,736,500 
Allocations    $10,801,982 
 

The total cost estimation of the BIM models was $30,104,859. (See details in Appendix 9.5.2.) 
The figure below shows the total cost estimate of the BIM based systems. 
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   Gensler 
   

Items     Cost 

STRUCTURE     $2,939,725.53 

ENCLOSURE Assumed from SDC Estimate $3,661,750.00 

INTERIOR     
$2,632,326.74 

SYSTEMS COST Assumed from SDC Estimate $8,116,825.00 

EQUIPMENT & FURNISHINGS Assumed from SDC Estimate $215,750.00 

SITE COST Assumed from SDC Estimate $1,736,500.00 

        

ALLOCATIONS Assumed from SDC Estimate $10,801,982.00 

TOTAL CONSTRUCTION COST     $30,104,859.27 

Figure 12: Total Cost of Using Gensler Model 

 

A cost estimate using a BIM models requires a 3D model at LOD 300. Once this model is 
established, quantities can be derived quickly. The LOD of the Gensler Model was separated by 
the building systems estimated. As the Gensler model did not state what LOD it was published at,  
the LOD for the building systems estimated in this process (Structure and Interiors) were evaluated 
to have an LOD above 300. This evaluation was supported by the fact that the drawings were 
generated from the BIM model. In this exercise, the estimator spent 40 hrs for the QTO and 200 
hrs to research and apply the unit prices. This is based on the amount of time a typical estimator 
takes using this process. (See Figure 14) 
 

 Cost Estimation from SDC Design & Construction (SDC) 

The SDC estimate was provided by the general contractor for the project. The total construction 
cost was $31,484,182. (See details in Appendix 9.5.3.) 
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Figure 13: Total Cost of SDC Bid 

 

SDC cost estimate was schematic based on market feedback. The SDC estimator would have spent 
400 hrs for the QTO and 400 hrs to research and secure subcontractor feedback. (See Figure 14) 
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6 Cost Estimates Comparisons  

This chapter compares each estimate using a side by side. Figure 14 shows how each estimate 
system of work compares to the other estimate. The SDC estimates are used as the basis of the 
comparison (Highlighted in yellow). The Estimated hours of QTO and Pricing were derived from 
an interview with the Head Preconstruction Manager from Suffolk Construction (Swaim, T). 
 

 RSMeans OST Gensler SDC 

 Cost/ SF Traditional Bim Based Bid Based 

SYSTEMS OF WORK Cost Cost Cost Cost 

STRUCTURE $1,366,604 $4,169,997 $2,939,726 $3,397,500 

ENCLOSURE $4,325,101 $3,351,274 $3,661,750 $3,661,750 

INTERIOR $3,210,309 $3,522,929 $2,632,327 $3,553,875 

MEP SYSTEMS COST $11,260,314 $8,116,825 $8,116,825 $8,116,825 

EQUIPMENT & FURNISHINGS $418,573 $215,750 $215,750 $215,750 

SITE COST $1,736,500 $1,736,500 $1,736,500 $1,736,500 

ALLOCATIONS $9,134,791 $10,801,982 $10,801,982 $10,801,982 

         

TOTAL CONSTRUCTION COST $31,452,193 $31,915,257 $30,104,859 $31,484,182 

% VARIATION TO SDC ESTIMATE 0.10% -1.37% 4.38% 0.00% 

*ESTIMATED HOURS OF QTO 4 hr 200 hr 40 hr 400 hr 

*ESTIMATED HOURS OF PRICING 4 hr 200 hr 200 hr 400 hr 

     
* Based on Industry Standard Guidelines    

Figure 14: Side By Side Comparison Of Estimates 

 

 RSMeans Cost Per SF Estimate 

The RSMeans estimate when compared to the SDC schematic design estimate had a variance of 
less than one percent below the SDC total schematic design estimate. (See Figure below) 
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RSMeans SDC  

 Cost/ SF Bid Based  
SYSTEMS OF WORK Cost Cost Variance 

STRUCTURE $1,366,604 $3,397,500 -59.78% 

ENCLOSURE $4,325,101 $3,661,750 18.12% 

INTERIOR $3,210,309 $3,553,875 -9.67% 

MEP SYSTEMS COST $11,260,314 $8,116,825 38.73% 

EQUIPMENT & FURNISHINGS $418,573 $215,750 94.01% 

SITE COST $1,736,500 $1,736,500 n/a 

ALLOCATIONS $9,134,791 $10,801,982 -15.43% 

       

TOTAL CONSTRUCTION COST $31,452,193 $31,484,182 -0.10% 

     

*ESTIMATED HOURS OF QTO 4 hr 400 hr   

*ESTIMATED HOURS OF PRICING 4 hr 400 hr   

    
* Based on Industry Standard Guidelines   

Figure 15: Comparison Of RSMeans Estimate 

However, the level of accuracy for building systems varied widely. For example, the building 
system structure varied by 59.78%. Even with this discrepancy, the total estimates matched. The 
disparity in the structural building system was made up by the MEP systems. This is exemplifying 
the inaccuracy of estimates at this stage for individual building systems. RSMeans does not use 
any design intent outside of total square footage and design narratives. As such it pulls information 
based on historical data and creates a “best guess estimate” for each system. This shows that 
conceptual estimates can be used as a reliable tool for estimating the total value of the project, but 
more refined estimates are needed to defined individual building systems. This estimate can be 
done quickly with little effort. This estimate is effective at the conceptual design phase when 
determining overall funding for the project. 
  

 On Screen Takeoff (OST) Estimating Method 

The OST estimate when compared to the SDC schematic design estimate had a variance of less 
than two percent. (See Figure below) 
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OST SDC  

 Traditional Bid Based  
SYSTEMS OF WORK Cost Cost Variance 

STRUCTURE $4,169,997 $3,397,500 22.74% 

ENCLOSURE $3,351,274 $3,661,750 -8.48% 

INTERIOR $3,522,929 $3,553,875 -0.87% 

MEP SYSTEMS COST $8,116,825 $8,116,825 n/a 

EQUIPMENT & FURNISHINGS $215,750 $215,750 n/a 

SITE COST $1,736,500 $1,736,500 n/a 

ALLOCATIONS $10,801,982 $10,801,982 n/a 

      
TOTAL CONSTRUCTION COST $31,915,257 $31,484,182 1.37% 

    

*ESTIMATED HOURS OF QTO 200 hr 400 hr  
*ESTIMATED HOURS OF PRICING 200 hr 400 hr  

    
* Based on Industry Standard Guidelines    

Figure 16: Comparison of OST Estimate 

The level of relative difference for building systems were closer to the SDC estimate. The variance 
for structure was 22.74%, enclosure was 8.48%, and interior was 0.87%. This estimate takes 
several weeks to develop. But the information it generates if more useful for the design team to 
evaluate their design. Design teams, during preconstruction, take these estimates to see how and 
where they can edit the design to most significantly effect cost. For example, if the estimate showed 
that a building system was three million dollars more expensive than they predicted, the design 
team can make changes to reduce the cost of that system and directly affect the cost of project. The 
variance of these numbers can also be due to the cost data base used. SDC either uses and internal 
cost data based or market-based prices to create their estimate and these prices tend to be more 
accurate than the RSMeans cost data base. This provides legitimacy to the SDC cost estimate.  
 
There are advantages and disadvantages to using OST. The software allows the estimate to 
organize information by using conditions to help categorize cost. This makes the estimate 
understandable and believable. However, Revit and other Autodesk software quantifies scope 
faster. In OST estimators still need to calculate quantities manually and supplement the 
information not provided on the drawings. In this study, this issue was highlighted in the 
foundation example. No scale was provided in the foundation sketch. An adjustment had to be 
made outside of the program to correctly estimate the foundation material required. This is time 
consuming. 
 
OST also is limited in how it groups certain scope elements together. Elements such as different 
wall types and unique concrete elements are usually “one off” special items are time consuming 
to develop. For example, if a building has four thousand windows, the cost estimator will need to 
click four thousand unique windows. These windows then need to be compiled outside of the 
program to get a comprehensive estimate of the window scope. Expand this to a full-scale project 
and you are looking at hundreds of hours of work. 
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This estimate is effective at the schematic and design development phase helping the construction 
team understand what individual building systems are worth. 
 

 BIM Based Estimate 

The BIM based estimate when compared to the SDC schematic design estimate had a variance of 
4.38%. (See Figure below) 
 

 
Gensler SDC  

 BIM Based Bid Based  
SYSTEMS OF WORK Cost Cost Variance 

STRUCTURE $2,939,726 $3,397,500 -13.47% 

ENCLOSURE $3,661,750 $3,661,750 n/a 

INTERIOR $2,632,327 $3,553,875 -25.93% 

MEP SYSTEMS COST $8,116,825 $8,116,825 n/a 

EQUIPMENT & FURNISHINGS $215,750 $215,750 n/a 

SITE COST $1,736,500 $1,736,500 n/a 

ALLOCATIONS $10,801,982 $10,801,982 n/a 

       

TOTAL CONSTRUCTION COST $30,104,859 $31,484,182 -4.38% 

     

*ESTIMATED HOURS OF QTO 40 hr 400 hr   

*ESTIMATED HOURS OF PRICING 200 hr 400 hr   

    
* Based on Industry Standard Guidelines   

Figure 17: Comparison of BIM Based Estimate 

The variance for building systems were stronger than the OST cost estimate when the LOD was 
more defined as the drawings were produced from this Model. The variance for structure was 
13.47% and interior was 25.93%. This estimate takes less time than the OST estimate to develop, 
and the information it generates if more useful for the project team. 
 
The variances for OST and BIM based estimates were compared against each other. The LOD of 
for the steel was LOD 250 based on my evaluation of the model and how accurate they were to 
the drawings. However, the interiors were developed in more detail on the drawings than in the 
model and thus had an LOD of 200. 
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OST Gensler 

 Traditional BIM Based 

SYSTEMS OF WORK Variance Variance 

STRUCTURE 22.74% 13.47% 

ENCLOSURE 8.48% n/a 

INTERIOR 0.87% 25.93% 

MEP SYSTEMS COST n/a n/a 

EQUIPMENT & FURNISHINGS n/a n/a 

SITE COST n/a n/a 

ALLOCATIONS n/a n/a 

     

TOTAL CONSTRUCTION COST 1.37% -4.38% 

Figure 18: Comparison of Variance of The BIM Based Estimate to OST Estimate 

The method by which quantities can be extracted from the model requires significantly less time 
than OST. More time may need to be spent enhancing models that are not at LOD 250. If this time, 
if spent early in the design stages, will save cost over the span of the job (As shown in MacLeamy 
curve) and increase the estimate’s accuracy at the schematic and design phase. This did not need 
to be done for the Gensler model in regards to structure.  
 
The Revit model was not developed enough to represent an accurate project estimate as only a few 
systems of work were developed to a high enough LOD (above 250) to be estimated. The 
discrepancy was magnified by the disparity between the model and the drawings. The 2D drawings 
had more detail and allowed for a more holistic estimate of the project. The Revit model was able 
to establish a comprehensive estimate with its limited systems of work that were developed to a 
LOD of 250. 
 
This estimate is effective at the any phase of design when the model can be advanced to LOD 250. 
Usually at the conceptual phase a model is not available. At the schematic phase, the design team 
generally produces a model at LOD 100 and drawings at LOD 200. This causes an OST approach 
to be more accurate than a BIM based approach. At the design development phase, the model is 
usually advanced to LOD 250 making the BIM based approach possible. 
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7 Conclusions and Recommendations 
Designers are using Building Information Modeling (BIM) to model their buildings and to 
document their designs. BIM promotes better communication through 3D digital tools and allows 
for early collaboration on projects. By using a BIM models instead of drawings, the takeoffs, 
counts, and measurements can be generated directly from the model. 
 
The purpose of this study was to analyze the impact that BIM-based estimating has on project 
estimates at the early stages of design by comparing with cost estimates generated by the 
traditional, BIM based, and RSMeans estimating processes. The documentation from the Foisie 
Innovation Studio was used to prepare these estimates. 
 
As shown in figure 4, early cost estimates can vary drastically. This study showed that BIM based 
estimating methods produce results that are within 5 percent to the ones generated by the SDC. 
The BIM-based estimates are also close to the ones produced using the cost per square foot 
approach, which is the method typically used early in the design when the scope lacks definition. 
 
BIM-based cost estimates take less time than the traditional estimating process used by 
construction managers but requires an LOD of 300 to be effective. Models produced at the early 
stages of design have a lower LOD don’t have the information required to create refined estimates. 
More time needs to be invested earlier to create models with higher LOD. 
 
This section summarizes advantages and disadvantages of traditional costs estimates examined in 
this project and discusses the implications for cost estimating of providing a model with LOD 300 
earlier in the project to produce effective estimates and save project money. 
 
The results from comparing the cost estimation methods—On-Screen Takeoff, RSMeans, and 
Revit— used to price the Foisie Innovation Studio are as follows. 

• On-Screen Takeoff (OST) 

OST can assist the estimator in calculating detailed quantities of work based on the needs 
of estimators and the quality of the 2D drawings. However, because of the difference in 
estimating skills and knowledge in the use of the software, different estimators will likely 
obtain different quantity results when calculating the quantities. The OST program used to 
evaluate Foisie Innovation Studio had the most accurate number to the SDC Design & 
Construction bid. The quality of the estimate is based on the amount of time put into the 
program and estimators with high experience levels will be able to create detailed estimates 
with very little variance. 
 

• RSMeans 

RSMeans allows a for conceptual estimates. A total cost of the building and rate at which 
cash is spent throughout the project can be derived using this estimation method but 
individual systems require in-depth investigations in order to actualize. This is shown by 
the variance between the superstructures in SDC’s and RSMeans estimates. RSMeans 
allows for an early estimate that shows total project cost. 
 

• Revit 
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Revit allows estimator to keep pace with constant design changes. As the model changes, 
estimators can program their estimates to change in unison. This save the estimator time 
that they may have spent counting individual elements that Revit counts automatically. This 
process is held up the by the Level of Development (LOD) of the model. If the model is still 
in the conceptual phase quantities pulled from that model will only estimate the value of 
that conceptual design. A cost engineer or estimator would have to the know the deficiencies 
of the model in order to supplement his cost analysis. The quantity takeoff of Revit depends 
on the level of development of a model. 
 
Another issue Revit brings in the inability to track current design documentation and status. 
What this means is, that if a subcontractor bids from a model or quantities from a model on 
day “A” and another contractor bids from the model dated day “B” and there is a difference 
between the two bidder information, this can cause problems with bids or provide one bidder 
with and advantage over the other. This is also true for 2D documentation. Models or 
Drawings need to be updated as design changes take place. 
 
For this project, information in the model was limited and only a structural cost estimate 
could be derived from it. This estimate was more accurate than the OST estimate but, the 
Revit model could not, as a project, provide a more accurate estimate as the information 
was not at the correct LOD. 

 
Based on these observations, the more details provided, the more accurate the cost estimation. As 
the LOD of the 3D model improved, Revit could produce a more accurate cost estimation with 
little time in less time than the OST method. 
 
Revit can be more accurate as it reduces human error and provides quantities that might not have 
been recognized even by the most experienced of estimators. For projects with unprecedented 
designs and distinct surfaces, Revit is the preferred choice. However, this is entirely dependent the 
quality of work produced by the architect and engineer. As of now, the industry has not been able 
to meet the modeling level required to provide estimators with an adequate model early enough in 
the project. Architect and engineers create drawings and pictures for estimators to create bids from 
and don’t consider constructability or workflow when creating the model. In order for the BIM 
based estimating systems to work, the model must be built in collaboration with the construction 
managers, architects, engineers, and owners. This collaboration early reduces cost impacts to the 
project and allows for clear and concise information from all parties to allow for a smother project. 
This is the Design to Cost approach.  
 
Design to Cost will allow models to approach the level of design required for accurate estimates 
to be pulled out of the model. Early input from the construction team not only reduces potential 
design inconsistency but also allows for architects to create models and drawings that work into 
the estimator’s skill sets.  
 

When teams work collaboratively, changes are inevitable and by making the changes earlier you 
can reduce their cost impact to the project. The more collaboration early on, the faster the LOD 
develops. This is key for efficient estimate. Once the LOD of the drawings and the Model reach 
around 350, the model can be used reliably for estimation (BIM Forum). However, the construction 
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industry does not embrace this approach to construction and still prefer to work in silos during 
design. This will impede the speed that the LOD Develops at and keep estimators from fully 
embracing the BIM methods of estimating.  
 
Eventually, BIM will become the industry standard for estimation with proper training and 
experience. The LOD of 300 needs to arrive earlier to the construction team then the industry 
currently provides. This requires more modeling effort earlier in the design. Then the workflow 
for utilizing the live model in construction as well as bidding being developed with legal standards, 
BIM will be used more frequently outside of the architect’s office and used by entry level engineers 
in General contracting companies to subcontractors. Until then, programs like OST and 
Navisworks can help bridge the gap and provide consistent accurate project estimates that owners 
can rely on.  
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9 Appendixes 
 Case 1— Quantity Takeoff of a Foundation 

 
Foundation Example 3D Model 
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2D Drawing Part 1 of the Foundation Example 

 

 
2D Drawing Part 2 of the Foundation Example 
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Plan View of the Foundation Example 

 
Vertical Cross Section of the Foundation Example 
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Reinforcing Steel Plan View of the Foundation Example 

 
Reinforcing Steel Vertical Cross Section 1 

 
Reinforcing Steel Vertical Cross Section 2 
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Foundation Walls, Footings, and Beam QTO by Using OST 

 
Columns QTO by Using OST 
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Rebar in Slab QTO by Using OST 

 
Vertical Rebar QTO by Using OST 
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Results Generated by OST Automatically 

 
Adjusted Results in Excel 
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 Quantity Takeoff of FIS by OST 

9.2.1 QTO Processes of FIS 
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9.2.2 Total QTO of FIS 
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9.2.3 QTO of Structure FIS 
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9.2.4 QTO of Enclosure FIS 
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9.2.5 QTO of Interior of FIS 
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 QTO by using Revit 

9.3.1 QTO of Interior Revit 

 

 



 

101 

 

 

 



 

102 

 

 

 



 

103 

 

 

 



 

104 

 

 

 



 

105 

 

 

 



 

106 

 

 

 

 



 

107 

 

 

 



 

108 

 

 

 



 

109 

 

 

 

 
 



 

110 

 

9.3.2  Structure QTO Comparison of Two Revit Model and OST 

 



 

111 

 

9.3.3 Student Model 
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9.3.4 Gensler Model 
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 QTO of Interior Navisworks  

9.4.1 Interior QTO Comparison of Revit, Navisworks, and OST 

 

9.4.2 QTO of Interior: Navisworks  
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 Cost Estimation of All Methods 

9.5.1 Cost Estimation of OST 

OST Cost Estimate: Foisie Innovation Studio 

Project: MQP 

Location WPI     Estimator: Jacob 

Architect/Engineer     4/11/2019 

    QTO Unit Price Subtotal Total 

Foundations             

  Foundation Excavation           

  Excavation 7,351 CY $7.53 $55,353   

  Backfill 6,432 CY $2.99 $19,232   

  Structural Fill 674 CY $35.00 $23,596   

              

  Spread Footings           

  Formwork erect and strip 2,971 SF $6.48 $19,252   

  Reinforcing Bars at 100#/CY 27,500 # $1.31 $36,025   

  Concrete 275 CY $314.53 $86,496   

              

  Perimeter Foundation Wall           

  Formwork erect and strip 16,956 SF $11.00 $186,516   

  Reinforcing bars at 100#/CY 26 Tons $2,167.20 $56,347   

  Concrete 520 CY $350.21 $182,109   

  Waterproofing 8,478 SF $10.00 $84,780   

              

  Stirp Footings           

  Formwork erect and strip 1,326 SF $7.60 $10,078   

  Reinforcing bars at 100#/CY 7,600 # $1.31 $9,956   

  Concrete 76 CY $383.50 $29,146   

              

  Piers           

  Formwork erect and strip 2,545 SF $7.29 $18,553   

  Reinforcing bars at 100#/CY 4,800 # $1.64 $7,872   

  Concrete 48 CY $288.85 $13,865   

             
  Slab on Grade           

  Edge Forms 581 LF $2.23 $1,296   

  

Welded Wire Fabric (Wire 
Mesh) 19,113 SF $0.84 $16,055   

  Pour/Place Concrete 18,203 SF $15.00 $273,045   

  Finish Slab 18,203 SF $1.11 $20,205   

            $1,149,777 
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Structure             

  Structure Steel           

  Floor and Roof Beams 345 Tons $3,694.94 $1,273,646   

  Columns 71 Tons $3,694.94 $260,493   

  Brace 22 Tons $3,694.94 $79,811   

  Shear Studs 13,130 Each $12.00 $157,557   

  Base Plates 2"x18"x18" 47 SF $43.00 $2,021   

  Metal Floor Deck 2" 18 ga. 78,778 SF $4.42 $348,201   

  Metal Roof Deck 2" 18 ga. 19,876 SF $3.57 $70,956   

  Spray-On Fireproofing 118,385 SF $3.75 $443,943   

  Miscellaneous Steel 42 Tons $3,649.94 $151,473   

              

  Slab on Deck           

  Edge Forms 2,750 LF $2.23 $6,133   

  
Welded Wire Fabric (Wire 
Mesh) 59,665 SF $0.84 $50,119   

  Pour/Place Concrete 28,412 CY $3.97 $112,796   

  Finish Slab 56,824 SF $1.11 $63,075   

           $3,020,220 

Enclosure             

  Exterior Wall            

  Ext CW & Windows          

  GL1-Glass Type: Plain 9,821 SF $39.28 $385,769   

  GL2-Glass Type: Dot 4,338 SF $39.28 $170,397   

  GL6-Glass Type: Strip 3,262 SF $39.28 $128,131   

  Exterior Caulking 1,800 LF $5.00 $9,000   

  Interior Caulking 1,800 LF $2.50 $4,500   

              

  Ext Masonry           

  WT3-Brick 8,451 SF $29.44 $248,797   

  WT4-Brick 2 2,991 SF $29.44 $88,055   

  
WT2-PC1 TYP. Arch Precast 
Concrete 2,204 SF $45.79 $100,921   

  
WT2-PC2 TYP. Arch Precast 
Concrete 2,630 SF $45.79 $120,428   

  WT1-Exterior Stone Cladding 612 SF $58.95 $36,077   

              

  Ext Metal Panel           

  
WT5-Alluminum Composite 
Metal Panel 6,700 SF $5.18 $34,706   

  WT6-Zin Metal Panel 2,330 SF $6.11 $14,236   

  WT8-Aluminum Louver Panel 2,256 Counts $115.76 $261,211   
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  Vertical Metal Louver 9,059 SF $10.16 $92,039   

              

  Gypsum Board           

  
Type X Glass Mat Gypsum 
Board 5/8" 43,144 SF $15.15 $653,632   

  Roof Blocking 1,131 LF $25.00 $28,275   

  Window Blocking 1,800 LF $15.00 $27,000   

              

  Insulation           

  Closed Cell Spray Insulation 4,834 SF $0.93 $4,496   

  Air/Vapor Barrier 18,372 SF $0.92 $16,902   

  
Manufactured Recommended 
Girt Zone 6,930 SF $4.40 $30,492   

  
WT1-Self-Adhering sheet 
Waterproofing 612 SF $32.31 $19,774   

              

  Metal Framing           

  Cold-Formed Metal Framing 1,239 SF $3.68 $4,558   

  
Screen Wall Support Structure-
HSS Steel 265 Each $275.30 $72,977   

  Substation Metal Coping 283 LF $25.72 $7,279   

              

  
Mineral Wool Board 

Insulation           

  
Mineral Wool Semi-Rigid 
Board Insulation 18,984 SF $1.27 $24,110   

              

  Doors           

  
Exterior Doors-Double-
8'2",4'2" 2 Each $470.90 $942   

  
Exterior Doors-Double-
8'2",6'4" 1 Each $941.80 $942   

  Exterior Doors-Single-8'2",4'2" 2 Each $470.90 $942   

  Exterior Doors-Double-9'3",8' 1 Each $470.90 $471   

  Substation Door-Single 1 Each $446.29 $446   

              

  Windows           

  
Operable Windows-Single-
6'3",2'10" 59 Each $861.16 $50,808   

            $2,638,313 

  Roofing             

  Roofing           

  Vapor Retarder 18,929 SF $2.59 $49,026   
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  Polyisocyanurate 18,929 SF $0.82 $15,522   

  
Fiberglass Mat Gypsum Cover 
Board 18,929 SF $1.92 $36,344   

  
Thermoplastic Membrane 
Roofing TPO 18,929 SF $20.00 $378,580   

  6" Green Roof Trays 18,929 SF $1.47 $27,826   

  Parapet Wall 575 LF $340.00 $195,500   

  Parapet Coping Stone 288 SF $35.29 $10,164   

            $712,961 

Interior 

Construction              

  Stairs           

  Stairs 156 Riser $700.59 $109,292   

  Stadium Stairs 1 Each $45,000.00 $45,000   

              

  Partition Walls           

  Doors 217 Each $1,388.00 $301,196   

  Partition Walls Area 47,495 SF $5.34 $253,626   

  
Material - Sheathing - Gypsum 
Wall Board 79,038 SF $6.23 $492,407   

  Material - Stud - Metal 72,342 SF $3.41 $246,686   

  Basic Wall: Stadium Seating 818 SF $6.23 $5,097   

  Continuous Acoustical Sealant 98,312 SF $1.29 $126,822   

  Sound Attenuation Blanket 84,430 SF $4.25 $358,828   

  Wall Finish as Scheduled 73,490 SF $0.55 $40,420   

  Type "X" Gypsum Board 35,810 SF $0.71 $25,425   

  Gypsum Liner Panel 17,028 SF $8.85 $150,698   

              

  Ceilings           

  Ceiling - ACT 24"x24" 11,281 SF $3.80 $42,867   

  Ceiling - ACT 24"x48" 1,999 SF $3.80 $7,594   

  Ceiling - Gypsum Board 11,351 SF $8.12 $92,169   

  Stud - Metal 13,747 SF $3.41 $46,878   

  Aluminum 796 SF $16.64 $13,253   

              

  Floorings           

  Floor 82,513 SF $6.49 $535,874   

              

  Painting           

  Paint Gypsum Walls 174,029 SF $1.50 $261,043   

  Paint Door Frames 217 Each $100.00 $21,700   

  Paint Gypsum Ceilings 11,351 SF $3.00 $34,053   
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  Millwork           

  Allowance 78,000 SF 4 $312,000   

            $3,522,929 

            $11,044,200 

 

FIGURE 12: THE TOTAL COST OF OST 
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9.5.2 Cost Estimation In BIM 

9.5.2.1 Structural Cost Estimate 

 
9.5.2.2 Interior Cost Estimate 
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9.5.3 Cost Estimation of SDC Design & Construction 
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9.5.4 RSMeans Cost Per SF 

9.5.4.1 College Dormitory RSMeans SF Estimate 
 

  

Square Foot Cost Estimate 

Report   Date: 4/9/2019 

Estimate Name: Foisie Innovation Studio - Dorm 

Space         

Worcester , MA , 01609         

Building Type: 

College, Dormitory, 2-3 Story with 

Brick Veneer / Rigid Steel         

Location: WORCESTER, MA 

 

  
 

      

Story Count: 3       

Story Height (L.F.): 11.66       

Floor Area (S.F.): 45000       

Labor Type: STD       

Basement Included: Yes        

Data Release: Year 2018 Quarter 4 

Costs are derived from a building model with basic 

components. 

Cost Per Square Foot: $400.27  

Scope differences and market conditions can cause costs to 

vary significantly. 

Building Cost: $16,506,653.52    

      

      

% of 

Total 

Cost 

Per S.F. Cost 

A Substructure 9.88% 20.71 683,301.85 

A1010 Standard Foundations     5.89 194,298.50 

  

Spread footings, 3000 PSI concrete, load 75K, soil bearing capacity 6 KSF, 4' - 0" 

square x 12" deep 5.89 194,298.50 

A1030 Slab on Grade     5.99 197,560.00 

  Slab on grade, 8" thick, heavy industrial, reinforced 5.99 197,560.00 

A2010 Basement Excavation     3.43 113,190.00 

  

Excavate and fill, 100,000 SF, 16' deep, clay excavation, bank run gravel borrow for 

backfill 3.43 113,190.00 

A2020 Basement Walls     5.4 178,253.35 

  Foundation wall, CIP, 12' wall height, pumped, .444 CY/LF, 21.59 PLF, 12" thick 5.4 178,253.35 

B Shell 31.28% 65.53 2,162,550.58 

B1010 Floor Construction     25.61 845,007.07 

  Steel column, TS14, 500 KIPS, 16' unsupported height, 109 PLF 7.04 232,158.59 

  

Flat slab, concrete, with drop panels, 6" slab/2.5" panel, 12" column, 15'x15' bay, 75 

PSF superimposed load, 153 PSF total load 5.88 194,101.05 

  

Floor, concrete, slab form, open web bar joist @ 2' OC, on W beam and wall, 25'x25' 

bay, 23" deep, 40 PSF superimposed load, 84 PSF total load 9.92 327,460.10 

  

Floor, concrete, slab form, open web bar joist @ 2' OC, on W beam and wall, 25'x25' 

bay, 23" deep, 40 PSF superimposed load, 84 PSF total load, for columns add 0.4 13,047.98 

  

Fireproofing, gypsum board, fire rated, 3 layer, 1.5" thick, 8" steel column, 3 hour 

rating, 23 PLF 2.37 78,239.35 

B1020 Roof Construction     9.89 326,520.04 

  

Roof, steel joists, beams, 1.5" 22 ga metal deck, on columns, 25'x25' bay, 20" deep, 

40 PSF superimposed load, 60 PSF total load 3.26 107,510.04 
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Steel deck, cellular, single span, 20' span, 3" deep, 6 PSF, 30 PSF TL 6.64 219,010.00 

B2010 Exterior Walls     20.3 669,873.60 

 

 
 

Brick veneer wall, engineer face, 16 ga x 3-5/8" LB @ 16" metal stud back-up, english 

bond 20.3 669,873.60 

B2020 Exterior Windows     4.32 142,591.85 

  Windows, aluminum, awning, insulated glass, 4'-5" x 5'-3" 4.32 142,591.85 

B2030 Exterior Doors     2.07 68,290.99 

  

Door, aluminum & glass, without transom, full vision, double door, hardware, 6'-0" x 

7'-0" opening 2.07 68,290.99 

B3010 Roof Coverings     3 99,119.78 

  Roofing, single ply membrane, EPDM, 60 mils, loosely laid, stone ballast 0.62 20,531.94 

  

Insulation, rigid, roof deck, extruded polystyrene, 40 PSI compressive strength, 4" 

thick, R20 1.51 49,943.08 

  Roof edges, aluminum, duranodic, .050" thick, 6" face 0.53 17,431.43 

  Flashing, aluminum, no backing sides, .019" 0.11 3,642.19 

  Gravel stop, aluminum, extruded, 4", mill finish, .050" thick 0.23 7,571.14 

B3020 Roof Openings     0.34 11,147.25 

  Roof hatch, with curb, 1" fiberglass insulation, 2'-6" x 3'-0", galvanized steel, 165 lbs 0.15 5,033.23 

  Smoke hatch, unlabeled, galvanized, 2'-6" x 3', not incl hand winch operator 0.19 6,114.02 

C Interiors 23.22% 48.64 1,605,154.70 

C1010 Partitions     14.63 482,813.48 

  

Wood partition, 5/8"fire rated gypsum board face, 5/8"fire rated gypsum board base, 

2 rows-2x4 framing, same opposite face, 2" fiberglas insulation 13.62 449,533.33 

  Gypsum board, 1 face only, exterior sheathing, fire resistant, 5/8" 0.59 19,362.18 

  Add for the following: taping and finishing 0.42 13,917.97 

C1020 Interior Doors     14.29 471,590.54 

  

Door, single leaf, kd steel frame, hollow metal, commercial quality, flush, 3'-0" x 7'-0" 

x 1-3/8" 14.29 471,590.54 

C1030 Fittings     2.86 94,477.94 

  Toilet partitions, cubicles, ceiling hung, painted metal 2.03 66,910.80 

  Bathroom accessories, stainless steel, mirror, framed, with shelf, 72" x 24" 0.84 27,567.14 

C2010 Stair Construction     5.73 188,963.28 

  Stairs, steel, pan tread for conc in-fill, picket rail,12 risers w/ landing 5.73 188,963.28 

C3010 Wall Finishes     4.95 163,227.83 

  

Painting, interior on plaster and drywall, walls & ceilings, roller work, primer & 2 

coats 2.22 73,425.00 

  

Painting, interior on plaster and drywall, walls & ceilings, roller work, primer & 2 

coats 0.53 17,622.00 

  Ceramic tile, thin set, 4-1/4" x 4-1/4" 2.19 72,180.83 

C3020 Floor Finishes     5.5 181,445.48 

  Carpet tile, nylon, fusion bonded, 18" x 18" or 24" x 24", 24 oz 3.79 124,935.36 

  Vinyl, composition tile, maximum 0.34 11,220.26 

  Tile, ceramic natural clay 1.37 45,289.86 

C3030 Ceiling Finishes     0.69 22,636.15 

  Acoustic ceilings, 3/4" fiberglass board, 24" x 48" tile, tee grid, suspended support 0.69 22,636.15 



 

123 

 

D Services 32.60% 150.95 6,278,964.15 

D1010 Elevators and Lifts     5.28 174,289.90 

  Hydraulic passenger elevator, 4000 lb., 3 floor, 12' story height, 125 FPM 5.28 174,289.90 

D2010 Plumbing Fixtures     17.3 570,817.75 

  Water closet, vitreous china, bowl only with flush valve, wall hung 7.75 255,697.20 

  Lavatory w/trim, wall hung, vitreous china, 19" x 17" 3.47 114,664.44 

  Laundry sink w/trim, plastic, on wall or legs, 36" x 23" double compartment 0.39 12,980.17 

  Service sink w/trim, PE on CI,wall hung w/rim guard, 22" x 18" 0.51 16,950.58 

  Shower, stall, fiberglass 1 piece, three walls, 36" square 4.71 155,551.61 

  Water cooler, electric, wall hung, wheelchair type, 7.5 GPH 0.45 14,973.75 

D2020 Domestic Water Distribution     5.66 186,719.19 

  Electric water heater, commercial, 100< F rise, 500 gal, 240 KW 984 GPH 5.66 186,719.19 

D2040 Rain Water Drainage     1.78 58,886.88 

  Roof drain, CI, soil,single hub, 5" diam, 10' high 0.51 16,849.00 

  Roof drain, CI, soil,single hub, 5" diam, for each additional foot add 1.27 42,037.88 

D3050 Terminal & Package Units     86.5 4,152,000.00 

  Rooftop, multizone, air conditioner, 1,500 SF, 16.62 ton 75.2 3,609,600.00 

  Computer room unit, air cooled, includes remote condenser, 23 ton 11.3 542,400.00 

D4010 Sprinklers     6.16 203,388.95 

  Wet pipe sprinkler systems, steel, light hazard, each additional floor, 10,000 SF 2.07 68,461.85 

  Wet pipe sprinkler systems, copper tubing, type M, extra hazard, 1 floor, 2000 SF 4.09 134,927.10 

D4020 Standpipes     1.12 37,058.95 

  Dry standpipe risers, class III, steel, black, sch 40, 6" diam pipe, 1 floor 0.67 22,130.86 

  Dry standpipe risers, class III, steel, black, sch 40, 6" diam pipe, additional floors 0.45 14,928.09 

D5010 Electrical Service/Distribution     1.9 62,808.25 

  

Underground service installation, includes excavation, backfill, and compaction, 100' 

length, 4' depth, 3 phase, 4 wire, 277/480 volts, 600 A 0.63 20,903.90 

  Feeder installation 600 V, including RGS conduit and XHHW wire, 600 A 0.51 16,856.30 

  Switchgear installation, incl switchboard, panels & circuit breaker, 277/480 V, 600 A 0.76 25,048.05 

D5020 Lighting and Branch Wiring     17.12 564,831.19 

  Receptacles incl plate, box, conduit, wire, 20 per 1000 SF,2.4 watts per SF 4.6 151,928.70 

  Wall switches, 2.5 per 1000 SF 0.94 30,953.21 

  Central air conditioning power, 4 watts 0.69 22,758.45 

  Motor installation, three phase, 200 V, 15 HP motor size 0.12 3,848.90 

  

Motor feeder systems, three phase, feed to 200 V 15 HP, 230 V 15 HP, 460 V 40 HP, 

575 V 50 HP 0.05 1,618.89 

  

Fluorescent fixtures recess mounted in ceiling, 0.8 watt per SF, 20 FC, 5 fixtures @32 

watt per 1000 SF 4.63 152,753.04 

  

Fluorescent fixtures recess mounted in ceiling, 1.6 watt per SF, 40 FC, 10 fixtures 

@32watt per 1000 SF 6.09 200,970.00 

D5030 Communications and Security     8.13 268,163.09 

  Telephone wiring for offices & laboratories, 8 jacks/MSF 1.88 62,132.90 

  

Communication and alarm systems, fire detection, addressable, 25 detectors, 

includes outlets, boxes, conduit and wire 1.12 36,925.42 

  Fire alarm command center, addressable with voice, excl. wire & conduit 0.54 17,789.08 
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Communication and alarm systems, includes outlets, boxes, conduit and wire, 

intercom systems, 25 stations 1.9 62,662.09 

  

Communication and alarm systems, includes outlets, boxes, conduit and wire, master 

TV antenna systems, 12 outlets 0.68 22,480.64 

  Internet wiring, 8 data/voice outlets per 1000 S.F. 2.01 66,172.96 

E Equipment & Furnishings 3.03% 6.34 209,286.54 

E1090 Other Equipment     4.52 149,240.00 

  2.00-Hydraulic, passenger elevator, 2000 lb, 2 floors, 100 FPM 4.52 149,240.00 

E2020 Moveable Furnishings     1.82 60,046.54 

  Furnishings, dormitory furniture, dressing unit, built-in, deluxe 1.82 60,046.54 

F Special Construction 0% 0 0 

G Building Sitework 0% 0 0 

      

      

SubTotal 100% $292.17  $10,939,257.82  

Contractor Fees (General Conditions,Overhead,Profit) 30.00% $87.65  $4,892,483.00  

Architectural Fees 7.00% $20.45  $674,912.70  

User Fees 0.00% $0.00  $0.00  

Total Building Cost $400.27  $16,506,653.52  
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9.5.4.2 Laboratory/Classroom RSMeans SF Estimate 

 

  

Square Foot Cost Estimate 

Report 
  

Date: 4/9/2019 

Estimate Name: Foisie Innovation Studio - Lab 

Space 
        

Worcester , MA , 01609         

Building Type: 

School, Vocational with Face 

Brick & Concrete Block / Bearing 

Walls 
        

Location: WORCESTER, MA 

 
 
 

    

Story Count: 2  
    

Story Height (L.F.): 16 
 

    

Floor Area (S.F.): 45000 
 

    

Labor Type: OPN 
 

    

Basement Included: No   
    

Data Release: Year 2018 Quarter 4 Costs are derived from a building model with basic components. 

Cost Per Square Foot: $400.27  Scope differences and market conditions can cause costs to vary significantly. 

Building Cost: $14,977,528.48    

      

      % of Total 
Cost 

Per S.F. 
Cost 

A Substructure 9.88% 20.71 683,301.85 

A1010 Standard Foundations     5.89 194,298.50 

  
Spread footings, 3000 PSI concrete, load 75K, soil 
bearing capacity 6 KSF, 4' - 0" square x 12" deep 

5.89 194,298.50 

A1030 Slab on Grade     5.99 197,560.00 

  Slab on grade, 8" thick, heavy industrial, reinforced 5.99 197,560.00 

A2010 Basement Excavation     3.43 113,190.00 

  
Excavate and fill, 100,000 SF, 16' deep, clay excavation, 
bank run gravel borrow for backfill 

3.43 113,190.00 

A2020 Basement Walls     5.4 178,253.35 

  
Foundation wall, CIP, 12' wall height, pumped, .444 
CY/LF, 21.59 PLF, 12" thick 

5.4 178,253.35 

B Shell 31.28% 65.53 2,162,550.58 

B1010 Floor Construction     25.61 845,007.07 

  
Steel column, TS14, 500 KIPS, 16' unsupported height, 
109 PLF 

7.04 232,158.59 

  
Flat slab, concrete, with drop panels, 6" slab/2.5" panel, 
12" column, 15'x15' bay, 75 PSF superimposed load, 153 
PSF total load 

5.88 194,101.05 

  
Floor, concrete, slab form, open web bar joist @ 2' OC, 
on W beam and wall, 25'x25' bay, 23" deep, 40 PSF 
superimposed load, 84 PSF total load 

9.92 327,460.10 
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Floor, concrete, slab form, open web bar joist @ 2' OC, 
on W beam and wall, 25'x25' bay, 23" deep, 40 PSF 
superimposed load, 84 PSF total load, for columns add 

0.4 13,047.98 

  
Fireproofing, gypsum board, fire rated, 3 layer, 1.5" 
thick, 8" steel column, 3 hour rating, 23 PLF 

2.37 78,239.35 

B1020 Roof Construction     9.89 326,520.04 

  
Roof, steel joists, beams, 1.5" 22 ga metal deck, on 
columns, 25'x25' bay, 20" deep, 40 PSF superimposed 
load, 60 PSF total load 

3.26 107,510.04 

 

  
 

Steel deck, cellular, single span, 20' span, 3" deep, 6 PSF, 
30 PSF TL 

6.64 219,010.00 

B2010 Exterior Walls     20.3 669,873.60 

 

  
 

Brick veneer wall, engineer face, 16 ga x 3-5/8" LB @ 
16" metal stud back-up, english bond 

20.3 669,873.60 

B2020 Exterior Windows     4.32 142,591.85 

  
Windows, aluminum, awning, insulated glass, 4'-5" x 5'-
3" 

4.32 142,591.85 

B2030 Exterior Doors     2.07 68,290.99 

  
Door, aluminum & glass, without transom, full vision, 
double door, hardware, 6'-0" x 7'-0" opening 

2.07 68,290.99 

B3010 Roof Coverings     3 99,119.78 

  
Roofing, single ply membrane, EPDM, 60 mils, loosely 
laid, stone ballast 

0.62 20,531.94 

  
Insulation, rigid, roof deck, extruded polystyrene, 40 PSI 
compressive strength, 4" thick, R20 

1.51 49,943.08 

  Roof edges, aluminum, duranodic, .050" thick, 6" face 0.53 17,431.43 

  Flashing, aluminum, no backing sides, .019" 0.11 3,642.19 

  
Gravel stop, aluminum, extruded, 4", mill finish, .050" 
thick 

0.23 7,571.14 

B3020 Roof Openings     0.34 11,147.25 

  
Roof hatch, with curb, 1" fiberglass insulation, 2'-6" x 3'-
0", galvanized steel, 165 lbs 

0.15 5,033.23 

  
Smoke hatch, unlabeled, galvanized, 2'-6" x 3', not incl 
hand winch operator 

0.19 6,114.02 

C Interiors 23.22% 48.64 1,605,154.70 

C1010 Partitions     14.63 482,813.48 

  
Wood partition, 5/8"fire rated gypsum board face, 
5/8"fire rated gypsum board base, 2 rows-2x4 framing, 
same opposite face, 2" fiberglas insulation 

13.62 449,533.33 

  
Gypsum board, 1 face only, exterior sheathing, fire 
resistant, 5/8" 

0.59 19,362.18 

  Add for the following: taping and finishing 0.42 13,917.97 

C1020 Interior Doors     14.29 471,590.54 

  
Door, single leaf, kd steel frame, hollow metal, 
commercial quality, flush, 3'-0" x 7'-0" x 1-3/8" 

14.29 471,590.54 

C1030 Fittings     2.86 94,477.94 

  Toilet partitions, cubicles, ceiling hung, painted metal 2.03 66,910.80 
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Bathroom accessories, stainless steel, mirror, framed, 
with shelf, 72" x 24" 

0.84 27,567.14 

C2010 Stair Construction     5.73 188,963.28 

  
Stairs, steel, pan tread for conc in-fill, picket rail,12 risers 
w/ landing 

5.73 188,963.28 

C3010 Wall Finishes     4.95 163,227.83 

  
Painting, interior on plaster and drywall, walls & ceilings, 
roller work, primer & 2 coats 

2.22 73,425.00 

  
Painting, interior on plaster and drywall, walls & ceilings, 
roller work, primer & 2 coats 

0.53 17,622.00 

  Ceramic tile, thin set, 4-1/4" x 4-1/4" 2.19 72,180.83 

C3020 Floor Finishes     5.5 181,445.48 

  
Carpet tile, nylon, fusion bonded, 18" x 18" or 24" x 24", 
24 oz 

3.79 124,935.36 

  Vinyl, composition tile, maximum 0.34 11,220.26 

  Tile, ceramic natural clay 1.37 45,289.86 

C3030 Ceiling Finishes     0.69 22,636.15 

  
Acoustic ceilings, 3/4" fiberglass board, 24" x 48" tile, 
tee grid, suspended support 

0.69 22,636.15 

D Services 32.60% 150.95 6,112,449.16 

D1010 Elevators and Lifts     5.28 174,289.90 

  
Hydraulic passenger elevator, 4000 lb., 3 floor, 12' story 
height, 125 FPM 

5.28 174,289.90 

D2010 Plumbing Fixtures     17.3 570,817.75 

  
Water closet, vitreous china, bowl only with flush valve, 
wall hung 

7.75 255,697.20 

  Lavatory w/trim, wall hung, vitreous china, 19" x 17" 3.47 114,664.44 

  
Laundry sink w/trim, plastic, on wall or legs, 36" x 23" 
double compartment 

0.39 12,980.17 

  
Service sink w/trim, PE on CI,wall hung w/rim guard, 
22" x 18" 

0.51 16,950.58 

  Shower, stall, fiberglass 1 piece, three walls, 36" square 4.71 155,551.61 

  
Water cooler, electric, wall hung, wheelchair type, 7.5 
GPH 

0.45 14,973.75 

D2020 Domestic Water Distribution     5.66 186,719.19 

  
Electric water heater, commercial, 100< F rise, 500 gal, 
240 KW 984 GPH 

5.66 186,719.19 

D2040 Rain Water Drainage     1.78 58,886.88 

  Roof drain, CI, soil,single hub, 5" diam, 10' high 0.51 16,849.00 

  
Roof drain, CI, soil,single hub, 5" diam, for each 
additional foot add 

1.27 42,037.88 

D3050 Terminal & Package Units     86.5 3,985,485.01 

  Rooftop, multizone, air conditioner, 1,500 SF, 16.62 ton 75.2 3,609,600.00 

  
Computer room unit, air cooled, includes remote 
condenser, 23 ton 

11.3 375,885.01 

D4010 Sprinklers     6.16 203,388.95 



 

128 

 

  
Wet pipe sprinkler systems, steel, light hazard, each 
additional floor, 10,000 SF 

2.07 68,461.85 

  
Wet pipe sprinkler systems, copper tubing, type M, extra 
hazard, 1 floor, 2000 SF 

4.09 134,927.10 

D4020 Standpipes     1.12 37,058.95 

  
Dry standpipe risers, class III, steel, black, sch 40, 6" 
diam pipe, 1 floor 

0.67 22,130.86 

  
Dry standpipe risers, class III, steel, black, sch 40, 6" 
diam pipe, additional floors 

0.45 14,928.09 

D5010 Electrical Service/Distribution     1.9 62,808.25 

  
Underground service installation, includes excavation, 
backfill, and compaction, 100' length, 4' depth, 3 phase, 4 
wire, 277/480 volts, 600 A 

0.63 20,903.90 

  
Feeder installation 600 V, including RGS conduit and 
XHHW wire, 600 A 

0.51 16,856.30 

  
Switchgear installation, incl switchboard, panels & circuit 
breaker, 277/480 V, 600 A 

0.76 25,048.05 

D5020 Lighting and Branch Wiring     17.12 564,831.19 

  
Receptacles incl plate, box, conduit, wire, 20 per 1000 
SF,2.4 watts per SF 

4.6 151,928.70 

  Wall switches, 2.5 per 1000 SF 0.94 30,953.21 

  Central air conditioning power, 4 watts 0.69 22,758.45 

  Motor installation, three phase, 200 V, 15 HP motor size 0.12 3,848.90 

  
Motor feeder systems, three phase, feed to 200 V 15 HP, 
230 V 15 HP, 460 V 40 HP, 575 V 50 HP 

0.05 1,618.89 

  
Fluorescent fixtures recess mounted in ceiling, 0.8 watt 
per SF, 20 FC, 5 fixtures @32 watt per 1000 SF 

4.63 152,753.04 

  
Fluorescent fixtures recess mounted in ceiling, 1.6 watt 
per SF, 40 FC, 10 fixtures @32watt per 1000 SF 

6.09 200,970.00 

D5030 Communications and Security     8.13 268,163.09 

  Telephone wiring for offices & laboratories, 8 jacks/MSF 1.88 62,132.90 

  
Communication and alarm systems, fire detection, 
addressable, 25 detectors, includes outlets, boxes, conduit 
and wire 

1.12 36,925.42 

  
Fire alarm command center, addressable with voice, excl. 
wire & conduit 

0.54 17,789.08 

  
Communication and alarm systems, includes outlets, 
boxes, conduit and wire, intercom systems, 25 stations 

1.9 62,662.09 

  
Communication and alarm systems, includes outlets, 
boxes, conduit and wire, master TV antenna systems, 12 
outlets 

0.68 22,480.64 

  Internet wiring, 8 data/voice outlets per 1000 S.F. 2.01 66,172.96 

E Equipment & Furnishings 3.03% 6.34 209,286.54 

E1090 Other Equipment     4.52 149,240.00 

  
2.00-Hydraulic, passenger elevator, 2000 lb, 2 floors, 100 
FPM 

4.52 149,240.00 

E2020 Moveable Furnishings     1.82 60,046.54 

  
Furnishings, dormitory furniture, dressing unit, built-in, 
deluxe 

1.82 60,046.54 
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F Special Construction 0% 0 0 

G Building Sitework 0% 0 0 

      

      

Subtotal 100% $344.79  $11,378,143.67  

Contractor Fees (General Conditions, Overhead, Profit) 30.00% $87.65  $2,892,483.00  

Architectural Fees 7.00% $20.45  $674,912.70  

User Fees 0.00% $0.00  $0.00  

Total Building Cost $452.89  $14,945,539.37  

 

  RSMeans 
  

Items   Cost 

STRUCTURE 
  

$1,366,603.70 
  

ENCLOSURE 
  

$4,325,101.16 
  

INTERIOR   $3,210,309.40 

SYSTEMS COST   $11,260,314.15 

EQUIPMENT & 

FURNISHINGS 
  

$418,573.08 

SITE COST 

Assumed from SDC 

Estimate $1,736,500.00 

      

TOTAL TRADE COST   $22,317,401.49 

ALLOCATIONS   $9,134,791.40 

TOTAL CONSTRUCTION 

COST   $31,452,192.89 

  * Values represented are the sum of the two RSMeans estimates 


