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Abstract 
 

 This project followed the construction processes of the University of 

Massachusetts Advanced Center for Clinical Education and Science.  Our group’s 

members attended weekly owner and subcontractor meetings to observe the planning, 

scheduling, budgeting, and building procedures.  We also used Revit and Primavera 

computer programs to aid in our scheduling and budgeting developments.  For the 

Capstone design aspect, we calculated a design solution to a problem with the steel 

trusses concerning additional dead loads that was encountered during the construction 

process. 
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Preface 
 

 The following report describes the procedures carried out by the MQP group in 

order to complete this project.  This report was written to help give students, as well as 

ourselves, a better understanding of the steps necessary in the construction and design of 

a building.  This was done with the help of different computer programs, employees of a 

construction company, and our advisors.   

 We utilized the computer program “Autodesk Revit” and some of its components 

to help develop the report.  We created 3D digital models of the building at different 

stages of the construction process eventually ending at the final product.  These 

renderings are close approximations that mirror web shots of the actual construction at 

those specific stages.  The final drawing reflects the design and most of its specifications.  

The information from the 3-D digital models, which was exported, allowed us to 

calculate detailed material quantities. 

 We also used the project scheduling program "Primavera" to develop a schedule 

of the existing building construction.  We used Consigli’s original baseline schedule as 

well as the weekly updated schedules.  These schedules allowed us to illustrate the 

progress of the entire project.  The schedule given at an owner’s meeting on January 16, 

2008 was the last one we were able to use.  They also allowed to discover any significant 

events that delayed the project in any way. 

 We also used the computer program MASTAN2 v3.0.  This program was used to 

conduct a structural analysis of the original design.  With this information, we were able 

to design a new steel structure that could support the additional loadings.  This allowed us 

to satisfy our Capstone Design Experience requirement.  To complete this requirement, 
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we used MASTAN to create a computer model of the steel structure.  We used this model 

to determine the effects of adding additional dead loads to an existing design.  The 

building was originally designed to hold only a set amount of dead load, however, during 

later design stages of the project, the possibility of adding optical equipment not 

originally considered in the design emerged.  For our requirement, we redesigned the 

floor structure to support additional load requirements.  We designed new trusses with 

different sized members in order to achieve the necessary load capacity.  MASTAN 

allowed us to design the model, see what could happen if these loads were added, and 

what necessary changes in the connections and beams were necessary.   

 Lastly, in order to further our knowledge of the project and construction 

management process we attended scheduled on-site construction meetings.  This helped 

to better understand the organization and also assisted with the scheduling process.  The 

report shows how we examined how the professionals deal with specific problems that 

surfaced during typical construction processes.  We were also able to speak with 

members of Consigli and the University, answering any questions that we may have had 

about the project.   
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Chapter 1: Introduction 
 

For our project, we used a variety of methods and programs to gain understanding 

in building design and construction processes.  We utilized the program “Autodesk 

Revit” and some of its components, as well as the program Primavera.  “Revit” helped 

gain an understanding of the structural design of the building along with many other 

aspects of different construction processes.  Primavera, on the other hand, gave us insight 

into the management side of the construction world.  Both of these aspects of a 

construction project such as this one are very helpful in attempting to understand real 

world scenarios and practices.   

The report also discusses a possible problem encountered by the Consigli 

construction team.  This dealt with extra dead loads on three floors of the building.  After 

the initial design, the addition of MRI cameras were discussed, this could cause a 

problem in that the floors were not originally designed to carry such large additional 

loads.  The fact that this construction project is a design/build one, it caused even more 

problems with time delays and extra costs than if it had been a design/bid/build project.  

This is discussed in more detail later in the report. 

Revit was used to help develop a detailed 3-D digital model of this project.  First, 

we created a models of the building at different stages of the construction process, 

eventually ending at the final product.  The models mirror web shots of the actual 

construction of the building at specific stages.  These web shots were taken at the end of 

each month of construction- each rendering matches the actual picture for each month.  

The difference is that the rendering allows us to look at the building at every stage from 

any angle at any point in time- something a photograph cannot do.  The photographs 
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simply allow us to see what the current progress on the building is from the exterior only- 

you cannot see what is underneath such things as the curtain wall and flooring. 

The final Revit model reflects the design and all of its floor plans, architectural 

plans, and the different materials in the project.  With these were able to use "Revit" and 

calculate detailed material quantities.   With tools from “Revit” were also able to export 

the materials. We were also able to focus on essential aspects of the building, such as 

concrete, steel, and curtain wall quantities, when evaluating for the takeoff.  Knowing the 

different kinds of materials, along with the quantity of those materials, helped us with the 

cost estimating aspect of our project.  The use of Revit and all of its applications is 

discussed in more detail in Chapter Seven of the report.   

 We also used the project scheduling program "Primavera" to develop a schedule 

of the existing building construction.  Since Consigli Construction, the design/builder for 

this project, uses this program to schedule their upcoming activities it proved helpful for 

us to attempt to reflect their current schedules.  We used their initial schedule from the 

beginning of the project and compared it to updated versions that were created 

throughout the construction process.  Our created schedules involve the main activities 

that we feel are vital to the building’s construction.  Along with building activities, the 

schedule entails design events and any other events preceding our involvement in the 

project.  This allows us to illustrate the progress of the entire project and make any 

significant events known. We also created updated schedules with Primavera and 

compared it to the original planned schedule. By putting both the original schedule and 

the updated version onto the same file we were able to detect how far ahead or behind the 

construction progress was at the time and if they are above or below the budgeted cost at 
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any given time.  This would prove to be helpful for many reasons.  A Primavera analysis 

is discussed in further detail in Chapter Six of the report.   

 In order to further our knowledge of the project and construction management 

process we also attended as many of the scheduled on-site construction meetings as we 

could from September 2007 until January 2008.  These meetings included anything of 

importance and were held between the owners, foremen, and subcontractors.  This helped 

us to better understand the organization of a construction project, observe the project 

management process first hand, and to also assist us with scheduling procedures.  We 

were able to examine how the professionals go about dealing with specific problems that 

come up in the typical construction progression.  It also gave us a chance to speak with 

members of Consigli Construction and the University of Massachusetts representatives.  

They were very helpful throughout the project; answering to the best of their ability any 

questions that we had.   

 The fact that this construction project is a design/build and fast-tracked one, it 

could cause problems with time delays and extra costs. With a fast-tracked schedule, the 

building design is not completely finished even though construction has started.   
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Chapter 2: Project History 

2.1 Planning History and Organization 
 

The University of Massachusetts Medical School is constructing a new building 

alongside Route 9 in Worcester, MA.  The project is privately owned by the Worcester 

City Campus Corporation (WCCC).  The WCCC is a publicly owned not-for-profit 

Massachusetts state government created board of trustees whose sole purpose is to 

oversee the well being of the students, patients, and employees of the University of 

Massachusetts Medical School’s Worcester Campus.  The WCCC works within the 

school and was created to help oversee projects (such as this one) and make sure that the 

school does not stray from its intended purpose.    

The project was owner funded; the school is supplying all the necessary money 

for the building to be completed.  For this project, the school decided, with guidance from 

the WCCC, that they wanted to go with a design build approach allowing them to 

construct the exterior even though they had not decided on the design of the interior.  The 

UMASS owners decided that the best company to provide these services for this project 

would be Consigli Construction Company, based in Milford, MA.  They have a history of 

working together and the UMASS owners felt that because of the quality of their 

previous projects, Consigli would do a quality job with this new project.  There was one 

other major competitor that bid on the project, this company was Skanska Construction.  

Consigli was awarded the project due to positive past experiences between the two 

entities.  Although Skanska is a solid construction company they were not able to 

underbid Consigli and this allowed Consigli to sign the contract to construct the new 
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University of Massachusetts Medical School building. Consigli then hired Payette Design 

to design the architectural and structural plans for the building. 

2.2 Building Purpose 
 

The building, named the University Of Massachusetts Advanced Center for 

Clinical Education and Sciences (ACCES) will be mainly used for teaching students new 

methods of practice.  In order for the University to stay successful, it needed to expand 

and decided to create another building. They needed more space as the campus grows 

larger. The current campus is too small to include every facet of the learning process at 

the hospital.  As a result, this new building was developed.   

The building will be used by students as well as current doctors who want to 

sharpen and refresh their skills and learn new surgical methods.  These trainings will 

include virtual reality, simulation mannequins, and the Standardized Patient Program.  

The building also houses the Clinical and Translational Science Department.  This is a 

new, recently founded department whose goal is to shorten the time of implementation 

between a scientific breakthrough and its application, through either medicines or 

medical practices, into the real world.  The first floor will also hold campus support 

services, which include anything from coffee shops to the credit union.  The figure below 

shows a computer rendering of what the building is projected to look like
1
.   

 

                                                 
1
 Consigli Construction Company Inc. Milford, MA 2005. http://www.consigli.com/about.html 
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Figure 1: Completed Building Rendering 

 

2.3 Construction Procedures 
 

The ACCES building will be a 258 000 square-feet building consisting of seven 

stories.  The inner core and outer shell is expected to be completed by summer of 2008.  

The entire building should be completed sometime in late 2009.  However, this is 

assuming that there are no significant setbacks during the building’s construction and 

design processes.   

The original cost of this building was planned to be $55.6 million.  However, As 

of October 2007 the project is about $3 million over.  So far during the construction 

process there have been significant design and construction delays that have caused 

months to be added to the total timeline.  Some delays include steel processes, as well as 

fire protection hardships and curtain wall placement.  These delays have caused for 

frustration on both sides, Consigli Construction and the University of Massachusetts. 

This building is still being designed even though it is already under construction 

in order to save time and money.  The exterior and core (steel structure) designs have 
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been finalized, while the interior has not.  Even though construction is well underway on 

the outside of the building, teams are still designing the inner workings and deciding 

what is going to go where.  This means that the project is using a design/build project that 

utilizes a fast tracked procedure.  Instead of following your typical design/bid/build 

procedure, where two companies provide design and construction services, this project is 

design/build.  This means that only one company, Consigli in this case, is providing all 

the necessary paperwork.  The fast track aspect means the building is not completely 

designed when construction starts.  In this case, the interior design is not complete, even 

though exterior construction has begun.  By doing this, the owners hope to save both time 

and money.. By overlapping the design and construction processes months can be taken 

off of the project’s duration- and since time is money, a few million dollars can 

sometimes be saved as well.  This occurs because the building is finished sooner, 

allowing for rents to be collected, or in this case, for the building to be opened and used.  

Construction loans are also paid back sooner, allowing for savings on interest rates to 

occur. 

 The designers have until summer of 2008 to finish the interior designs- this is 

when outer construction is expected to be completed- as long as there are not any 

additional significant delays.   

2.4 Project Setbacks 
 

However, almost no project can go on without some kind of setback.  The 

ACCES building has had its share.  There seems to have been delays in steel fabrication 

and erection, and in the frame and truss erection.  There were problems with the steel 

connections as well; they had to be refabricated for the fittings to work properly.  The 
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connections were insufficient in its load bearing capacities.  They were not designed to be 

able to handle the additional loads the cameras brought on.  As a result, they had to be 

redesigned so that they could support all of the loads and moments.  In order to make up 

for this lost time, which has caused for about a three month delay, they are trying to 

speed up some of the critical path aspects of the construction process.  For such things as 

the curtain wall and fireproofing process, second shifts have been added.  In some 

instances, overtime has been worked, but this is kept to a minimum.  The idea is to add 

shifts but to still only have to pay worker’s regular straight pay and not overtime (which 

could be anything from time and half to double time to even triple time depending on the 

worker.  Since there are unionized workers on this job, different rules apply to different 

trades.  In this way they keep extra costs to a minimum.  Overall, even with the extra 

shifts it seems that they are not catching up on the delays, they are still significantly 

behind.   

 There was also a problem with the original design loads for floors three, four, and 

five.  Even though originally the designs called for one set of dead loads, the owners 

requested for a design change that could support additional equipment on these floors.  

This caused for a redesign for certain areas of the building.  The additional equipment 

consisted of at least twelve 10 000 pound imaging cameras to these floors.  The original 

design could not handle these additional loads and steps needed to be taken to fix the 

original design.  The fact that the project is fast tracked did not help matters either.  Due 

to the project being fast tracked, there is a strict time line that needs to be followed.  One 

setback can cause for other areas of construction to be setback as well, creating a chain of 
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delays.  This is discussed in more detail in Chapter 8: Camera Loading Design section of 

the report.  
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Chapter 3 - Project Organization 

3.1 Owner 
 

This project was primarily funded by the University of Massachusetts Medical School 

(UMMS) and they will also occupy a majority of the space in the building.  They were 

the acting owners and maintained a presence for on-site decisions throughout the entire 

project.  Although there have been many problems on deciding what will be done with 

the unoccupied space, the UMASS group has been working with Consigli and Payette 

architects, who was hired by Consigli, to finalize all the inner designs.  The weekly 

owner’s meetings allowed both Consigli and UMASS to stay on the same page and work 

together as a cohesive unit. 

Founded in 1962 UMMS was the Commonwealth of Massachusetts’ first and only 

public medical school.  The primary focus of this school was to provide affordable, high-

quality medical education to state residents and to increase the number of primary care 

physicians practicing in underserved areas of the state.  After 40 years of dedication from 

all the school’s faculty and students, UMMS has become one of the nation’s top 50 

medical schools. 

There are currently five University of Massachusetts campuses and the Worcester 

location is one of twenty-eight free standing, university based academic health science 

centers in the U.S. ranked fourth in the nation in primary care education.  UMMS 

comprises three schools – the School of Medicine, Graduate School of Biomedical 

Sciences and the Graduate School of Nursing.  Also the largest health care provider in 

Central Massachusetts, UMASS Memorial Health Care, is the clinical partner of UMMS. 
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 In the new UMASS building UMMS will continue to develop their great 

reputation of health sciences education.  While this is of great emphasis and importance 

to UMMS they are also working to develop their rapidly growing research department.  

UMMS has exploded onto the national scene as a major center for research, and in the 

past four decades, their researchers have made pivotal advances in HIV, cancer, diabetes, 

infectious disease, and in understanding the molecular basis of disease.  UMMS also 

takes pride in their public services and the research that they have done has played an 

important role in the institution’s public service.  UMMS works with the public agencies 

to improve access and delivery of health care to at risk and uninsured populations.  They 

do this by taking advantage of the institution’s research, academic, management and 

clinical resources. 

 Amongst their great efforts and commitments to the community UMMS has 

developed multiple programs that serve the people of the commonwealth.  The Office of 

Community Programs, The Department of Family Medicine and Community Health, and 

Commonwealth Medicine are just a few of their many diverse programs.  Within these 

programs UMMS can coordinate an extensive community outreach effort.  This only 

reflects their belief that collaborations within the community can make for healthier, 

more productive neighborhoods.  The Office of Community Programs (OCP) oversees 

the initiatives of many public centers that deal with a variety of health issues.  The OCP 

brings resources and expertise to medically unreserved areas, communities that are 

experiencing health care problems or health care personnel shortages.
2
 

                                                 
2
 State of Massachusetts Government. Chapter 163 of the Acts of 1997: An Act Authorizing the 

Establishment in Central Massachusetts of a Health Care System Affiliated with the University of 

Massachusetts Medical School. November 25, 1997 (accessed February 17, 2008) 

http://www.mass.gov/legis/laws/seslaw97/sl970163.htm 
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 The Department of Family Medicine and Community Health is also another very 

important signature program established by UMMS.  This program provides clinical care 

to communities throughout Massachusetts, including many that are underserved.  More 

than twenty years ago, UMMS was one of the pioneers in establishing a program in 

which first-year medical students are required to study health problems and health care 

services.  They conducted these studies by spending two weeks in local communities 

faced with a variety of challenges.  This helped the students to gain an understanding of 

the importance of the community context in health care through firsthand experience.  

The main purpose is to develop new doctors that have a realization of the problems that 

traditionally neglected populations face.  Some of the groups that are mainly focused on 

in this program are racial minorities, patients with AIDS, poor families, substance 

abusers, the elderly, the homeless, the mentally disabled and abused children.  This wide 

range of illnesses creates a sense of diversity from the UMMS graduates allowing there 

skills to develop in different areas. 

 While UMMS has served as a top New England health science education program 

they have exhibited their compassion by developing many public service programs.  This 

new campus modernization program will further develop their ability to serve the 

community and develop well trained and educated doctors.  The new building will be 

another affective tool in regards to medical education and research.
3
 

 

 

 

  

                                                 
3
 University of Massachusetts Medical School: Campus Modernization: Advanced Center for Clinical 

Education and Science. http://www.umassmed.edu/campusmod/index.aspx 
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3.2 Design-Builder 
 

Hired to work as the acting Design-Builder on this project was Consigli Construction 

Co.  The main reason for the hiring of this particular company by the UMASS group was 

due to the fact that the two have a history of working together.  On a previous UMMS 

project they worked together and the project was very successful.  The existing parking 

garage that is located on the site that the UMMS building is being connected to was also 

built by Consigli only 3 years prior to this new project.  This multi-level parking garage 

is located adjacent to and is connected directly to the new UMASS building.  This only 

made it fitting to have them continue what they had started and finish the complete 

project.  The bidding process went smoothly with only one other company putting in a 

final bid.  They failed to under bid Consigli and the previous experience Consigli and the 

UMMS have had gave them a leg up.  The selection of Consigli was a confident one 

based on the fact that UMMS already knew the quality of work and professionalism that 

they were getting involved in. 

Established in 1905 Consigli Construction has made a name for itself throughout the 

Northeast as a well respected construction company.  Consigli has become an established 

leader in the New England construction industry throughout the past century.  It is now 

led by a fourth generation of the Consigli family, and provides construction management, 

general contracting, design-build and pre-construction planning services from its two 

offices in Portland, Maine and Milford, Massachusetts. 

Established by Peter Consigli and his seven sons, the company was originally a small 

masonry contracting business.  With his sons Peter Consigli renovated and built projects 

throughout the local area, and some of these projects still stand today and are very well-
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known in the communities.  Succeeding his father was Henry Consigli Sr. who would 

develop Consigli Construction into the company you see today.  They continued to take 

on larger more complex projects dealing with general contracting and construction 

management.  After a century the company has become a highly diversified construction 

company, and is ranked in the country’s top 400 general contracting firms.  Their client 

list has steadily grown over the years and involves many different aspects of construction.   

On the UMMS building Consigli Construction had obtained a design build contract 

which gave them complete control of the design and the construction on the project.  

Consigli made the decision to hire the Payette Architecture Company and together they 

have worked to build this state of the art research and academic facility.  Consigli had a 

wide range of responsibility on this project and it pushed them to test their abilities in the 

construction management field.  The Project Manager on this project was William 

O’Rourke and the Project Engineer was Russell Peterson.  We worked directly with these 

two Consigli members to develop the major portions of our project.  With their 

cooperation we were able to obtain information that allowed us to develop our schedules 

and renderings.  They were very helpful and supplied us with whatever information we 

requested and also gave a very informative site walkthrough.  These two along with other 

Consigli members were available at all the Sub contractor meetings and owner meetings.  

Consigli has a long standing reputation of being a company that is hard working and 

made up of good people.  This is something that we were able to experience with our 

project and were able to gain a lot of knowledge from watching them conduct themselves 

and their workers.  
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3.3 Subcontractors 
 

Consigli Construction was also responsible for the hiring of all the subcontractors on 

this project.  A project of this size requires many different types of contractors which 

creates a very long and grueling process in the sub contractor selection process.  Consigli 

has done many projects similar to this one which allows them to know what they are 

looking for in a particular sub contractor.  On this particular project there were over fifty 

subcontractors used.  This list ranged from the larger steel and concrete suppliers to the 

smaller companies that supplied the waterproofing and temporary construction fencing.  

While there are many different types of subcontractors used, listed below are the major 

contractors that had essential roles in the construction process and were major 

contributors to this project. 

BK Ironworks 
  

In this seven story steel frame building there was a large emphasis put on the steel 

aspect and the importance of the steel supplier.  When constructing the frame they cannot 

afford to have delays with the pre fabricated steel beams and connections.  BK Ironworks 

has been recognized as one of the best fabricators of structural steel in North America, 

and have been supplying structural steel since 1958.  They are located in Quebec, Canada 

and supply steel throughout the Northeast United States and Canada.  This long standing 

and successful history allowed them to be an easy choice for the steel supplier.  Consigli 

has used BK Ironworks for many of their projects and found them to be the right choice 

for this new seven story building.
4
 

                                                 
4
 B.K. Ironworks Industries. Harrisburg, PA http://www.bkiron.com/english/history 
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East Coast Fireproofing 
  

Many project managers will want to make sure the fireproofing for their building 

is going to be affective.  This allows for the building to be safer and have more stability 

in the case of a fire.  East Coast Fireproofing has been a leader in the Northeast for 

fireproofing since it was founded in 1979.  They tend to focus on spray on fireproofing 

and spray applied thermal and acoustic insulation.  The spray on technique of applying 

fireproofing allows for faster application which eventually saves time and money on a 

project.  The effectiveness of the fireproofing is always important and the selection of the 

subcontractor will not be taken lightly. 
5
 

 

William F. Lynch Co. 
  

Another important aspect to the construction of large office buildings is the 

HVAC systems and the plumbing.  Both of these systems were installed by William F. 

Lynch Co.  This 50 year old company focuses on mechanical engineering services 

involving plumbing, heating, ventilation, and air conditioning systems.  Their in house 

design team is very experienced and includes a diverse group of workers with all types of 

knowledge in construction and design.  With seven floors the HVAC and plumbing 

system can get very complex and the subcontractor that is chosen must be able to handle 

a project of this magnitude.
6
 

                                                 
5
 East Coast Fireproofing. http://eastcoastfp.com/about.php 

6
 William F. Lynch Co., Inc.: Merrill Sheet Metal Co. Division: Engineers and contractors of plumbing, 

heating, ventilation, air conditioning systems. Worcester, MA. 2000. 

http://www.wflynchinc.com/Default.htm 
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Precast Specialties Corporation 
  

When dealing with precast concrete the supplier must be chosen very carefully.  

Precast concrete can save a lot of time on a project when used in the right way.  In this 

building a large portion of the back wall was constructed using precast concrete.  This 

concrete had to be fabricated and delivered on time to prevent delays in construction.  

The Precast was installed using a large crane, which caused the adjacent street to be 

closed for the construction of the back wall.  Precast Specialties Corporation is a full 

service supplier of precast concrete products and is well known throughout New England.  

They specialize in architectural exterior wall panels and this is exactly what they were 

used for on this particular project.  
7
 

Payette 
  

This project was a design build which means the designing services were 

contracting out by Consigli Construction.  The Architect Designer that was chosen for 

this project was Payette.  Payette spans across three continents and does quality work all 

over the United States.  They have specialized in designing highly technical buildings for 

healthcare and scientific research.  The company history goes back as 1932 and was 

taken over by Tom Payette in 1965 and has been a well respected company since.
8
 

 

 

  

                                                 
7
 Precast Specialties Corp. http://www.precastspecialtiescorp.com/ 

8
 Payette. http://www.payette.com/WhoWeAre_FirmProfile.aspx 
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Chapter 4: Construction Documentation 

4.1 Submittals 
 

Submittals are used by the architects and engineers in order to show what 

materials are needed for the project. It shows the architects and engineers know exactly 

what is going to be used to construct the building and give them assurance that their 

designs are being followed.  It also tells the construction managers what to tell the 

subcontractors.  It lets them know what materials are needed and also helps the managers 

decide which subcontractors to hire.  Hiring the right subcontractors will help ensure that 

the construction of the building proceeds with as few setbacks as possible and to the 

highest quality, for the best value as well. 

Submittals are also sometimes created by the subcontractors.  This is done to 

show what changes they deem are necessary in order to complete the project correctly.  

Because a subcontractor cannot change anything on their own, they need to create a 

submittal to receive approval by the engineers and architects.   

Every aspect of a construction material is included in this submittal.  From the 

color, to the type of a certain material (an example is what kind of joints to use), to the 

kind of connection, to the brand, anything that is important to the construction process is 

included in this report.    

This chain of command is very important in the construction of the building.  

Submittals help keep communication open between every party.  Constant 

communication is necessary if all parties involved want to keep the construction process 

continuing as smoothly as possible; any type of delay or mistake in the communication 

process can lead to large mistakes and problems out in the field that, depending on the 
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severity of the mistake, can cost the owners and Consigli construction thousands of extra 

dollars and possibly additional weeks on the schedule. This is due to the fact that Consigli 

was given one lump sum to finish the project.  Consigli has a fixed price contract.  This 

means that UMass paid Consigli one lump sum of money and it was up to Consigli to 

turn a profit with it.  Two examples of a Submittal provided by Consigli Construction are 

included in the Appendix section three of this report.  

4.2 RFI’s 
 

A Request For Information (RFI) document is used by the contractor to clarify 

any confusion found within the contract documents.  It is used to keep a record of the 

contracotr’s questions and the responses by the architects or engineers. These are usually 

considered the predecessor to a change order or even a dispute.  Before a contractor can 

continue with any construction, he must complete a RFI to correct any errors or conflicts.  

This document also gives the construction managers an idea of what material 

shipments or work can be performed by the different subcontractors hired for this project.  

It also allows for the managers to compare the information from week to week and make 

important decisions about the construction process of the building.   It allows for the 

project managers to know what exactly is happening with different subcontractors at that 

given moment.   

Also, any change made by the project manager as a result of the RFI can be 

considered a change to the project’s scope.  This means that this specific change can 

affect an entire section of a building, either by creating a need to change a design, or to 

halt construction.  An example of an RFI can be found in Section II of the Appendix.  
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4.3 Change Orders 
 

A change order is the written record of any change requested by the tenants 

owners of the building.  In this case, this would be the University Of Massachusetts 

Medical School.  The change order also has the approval of the architects and the 

recommendations of the Construction Manager.  Change orders are only created when the 

updates create changes in the original scope of the project.  This change in scope could be 

from an error in the original, an omission, or an intentional change
9
.  

A change order is helpful in that it allows for the construction team to keep track 

of the effect of these changes, whether they cause for time delays or a cause for going 

over budget.  It also allows for a record in case there is a dispute later in the project.  

These forms also allow for things such as additional cost to be accounted for when 

estimating the project’s updated budget.   

The payer of the change order can be determined in a few ways.  Usually there is 

an agreement reached between the owners and construction managers. Either the owners 

will pay for it or it will come out of the original budget- this is sometimes dependent on 

whose fault the change order is (an example would be the owners adding deadloads to a 

floor, causing for design and construction changes).  The architect is usually the one who 

determines the cost of the change order, this price is then relayed to the owner.  The 

payment is then made with the architects approval with a Project Certificate of 

Payment
10

.  

 These legal documents are also good if the owners or tenants claim that things are 

being done without their knowledge, in order to gain more profit.  A construction 

                                                 
9
 O'Brien, James Jerome. Construction Change Orders: Impact, Avoidance, Documentation 

10
 O'Brien, James Jerome. Construction Change Orders: Impact, Avoidance, Documentation 
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manager can decide to do things in an unapproved way with an unapproved company in 

order to lessen the cost (and possibly lower the quality) in order increase potential profit- 

change orders help prevent this by creating a log of all actions and changes.  Change 

orders are also documents that are used as an update to the original schedule and budget.  

They should also tell how long this change will delay the project and how much it is 

supposed to cost. 

4.4 Meeting Minutes 
 

 During the construction meetings that our group attended, a packet was given out 

to all attendees.  This packet contained what was called the “Meeting Minutes”.  This 

packet also provided an updated schedule of the project.   

 These “Meeting Minutes” provided a simple way to keep track of what was 

occurring during the construction process.  Each week’s problems and accomplishments 

were included within the “Minutes”.  In this way, Consigli was able to show the attendees 

where different problems were occurring, and when different milestones took place.  

They also provided a small look ahead into what was expected to happen in the coming 

week, the next week’s meeting would tell whether or not these expectations were 

realized.  Examples of the Meeting Minutes that we obtained are located in Section I of 

the Appendix. 
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Chapter 5- Building Information Modeling (BIM) 

5.1 BIM Description 
 

BIM is becoming a very effective and widely used tool in the field of construction 

in recent years.  It is a three dimensional model which contains many properties of the 

building including quantities, geographic information, special relationships and the size 

and shape of the building.   

More and more companies are switching from the traditional computer aided 

drafting when designing a building to BIM, which has many advantages.  Unlike the 

traditional CAD, BIM models actual parts and pieces of the building instead of simple 

lines which represent a part.  It can be started from scratch or AutoCAD drawings can be 

used as a springboard for the model, making it very convenient for situations where some 

companies use 2D drawings.  BIM model also has the potential to eliminate problems 

which have disrupted and slowed the construction process.  Many of the construction 

documents which are used in a project such as drawings, procurement details, 

environmental conditions, submittal processes and other specs can be included in the 

model and easily changed if needed.  
11

 

The parametric change engine is the key reason for the programs ease of use.  The 

software and the user define constraints or relationships needed to maintain consistency.  

When making a change to the file, the engine uses what the information it receives to 

build a network of relationships between the elements that are affected by the change.  

The file can be modified by the design team, contractors, and the owner under proper 

control and coordination. This keeps the project very organized, curing many headaches 

                                                 
11

 “Autodesk to Acquire Revit Technology Corporation; Acquisition Adds Complementary Technology for 

Building Industry." Autodesk.Com. 21 Feb. 2002. 13 Feb. 2008 

<http://investors.autodesk.com/phoenix.zhtml?c=117861&p=irol-newsArticle&ID=261618&highlight=>. 
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from coordination between subcontractors.  An example of a common problem would be 

when two objects are supposed to be in the same area such as a pipe and a girder.  

Traditionally the structural drawings have their own file. If someone does not see a detail 

change from the structural and MEP drawings such as a water pipe which was designed 

to fit just under a beam, but the beam size was changed during construction on a 

design/build project such as this one, the problem would not be realized until the pipe 

was to be constructed.  Because the model uses actual parts (every part is picked from a 

catalog to match its exact unique specifications), it is very easy to assess problems which 

may arise during construction without even going to the building or it having been built 

yet.  The program will point out the problem with a pop-up warning box such as the one 

shown below, specifying the problem and explaining the solution the program made. 

 

Figure 2: Warning window in Revit 

 

You can literally walk up to the problem in the model and investigate clashes 

between systems and layout issues.  These programs can also generate 2D drawings, just 

as the traditional CAD does.  These can be made by simply orienting the model in the 

desired view.  Since the building is one file, a change in one area will change in every 

view, a huge advantage over the traditional 2D methods for creating drawings which 

could not coordinate multiple views with one another. 

The following figure is an example of a 2D drawing created from the BIM 

program Autodesk Revit.  It is the southern view of the UMass ACCES building. 
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Figure 3: 2D South View in Revit 
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5.2 Autodesk Revit 
 

One of the most commonly used BIM programs is Autodesk Revit.  The program 

was created in 1999 by a company named Charles River Software based out of 

Framingham, Massachusetts. It was then purchased by the Revit Technology Corporation 

in 2000 and finally bought by Autodesk from the Revit Technology Corporation for $133 

million in 2002.  
12

Generally, when a project is started, the central file is shared over a 

network and can be edited by multiple users.  For example, if the architects decide to 

change the dimensions of wall, they can do so and the engineers in a different office will 

have an automatic update of the change.  One nice feature of the program is that if one 

person is making a change, it checks to see that someone else isn’t editing the model at 

the same time which prevents two people from making the same change at the same time, 

which can also be controlled through work sets by assigning editing rights to only one 

responsible person in each team.  The program also detects interference if different 

components of the building are taking up the same space and warns you before 

proceeding in the model.  Because MEP, structure and architecture are all integrated in 

the same model, this is a very helpful tool.  In the past, these problems would not be 

realized until actual construction.  Contractors are using the BIM for cost estimating, site 

planning and logistics, and visualization of the different phases of the construction 

progress. 

  

                                                 
12

 “Autodesk to Acquire Revit Technology Corporation; Acquisition Adds Complementary Technology for 

Building Industry." Autodesk.Com. 21 Feb. 2002. 13 Feb. 2008 

<http://investors.autodesk.com/phoenix.zhtml?c=117861&p=irol-newsArticle&ID=261618&highlight=>. 
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5.3 The BIM of the UMass ACCES building 
 

With the 2D drawings given to us by Consigli, we felt would we could use Revit 

to gain experience with BIM and make a valuable model of the building itself.  Although 

we had no official training with the program, using the tutorials and help menus, we were 

able to get a feel for it and build a rather accurate model.  From this model, we could 

extract quantities and in a way, see the past by looking at different stages of construction 

in 3 dimensions.  This created a new dimension, time, establishing the model as 4D. 

The first step in the modeling process was to create the foundation of the building.  

This came to be one of the most difficult stages in the entire process because of the 

incredible detail needed to create footings and slabs.  The difficulty we came across was 

interpreting the structural drawings.  There seemed to be multiple elevations for certain 

footings and many different slab shapes and elevations which were not only difficult to 

decipher, but also tricky to model.  The main problem was that the footings were shown 

on the foundation drawing as being five to ten feet below the actual foundation slab, 

when the column schedule shows the columns that were supposed to be in the footings 

ended either at the slab or above.  We decided to focus more time into the structure and 

shell of the building, leaving some details out in the foundation such as the exact 

elevations of the footings, although the sizing was modeled 

correctly.  While the final foundation in the model is rather 

simplified, it gives you a general feel for the shape and size 

of the actual building and gave us a good start to the 

structure. 

The next and most time consuming stage in the Figure 4: Aerial photo during 

construction 
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modeling process was creating the structure.  With the given structural drawings, we 

could insert every structural column and beam into the model.  This was a very tedious 

and long process.  The structure was actually built as two separate buildings, north and 

south.  The entire foundation was built initially, but the steel was constructed almost 

entirely in the south building before construction on the north began as seen in figure 8.   

This is a photo of the site in June 2007. 

 

When constructing the building on Revit, the approach was slightly different.  

First, every column in the building was constructed.  Most of the main columns were 

spliced twice, once five feet above the third floor, and again five feet above the sixth 

floor.  The view below is the building after the columns were constructed.  Many were 

floating because the frames had not been put in yet which would be supporting some of 

the columns. 

 

Figure 5: Steel Columns 
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The next step was to add the rest of the steel framing.  Every beam was inserted 

starting with the first floor and moving upwards.  This was not exactly how the building 

was constructed but it was an easier approach to modeling the building.  The figure below 

shows the entire steel framing after the steel was inserted. 

 

Figure 6: Steel Framing of Building 

 

Before we could close the building, slabs for each floor were added according to 

the specifications.  We constructed a typical floor slab was light weight 3 inch thick 

concrete slab on ¼” metal decking as specified in Payette’s structural drawings. 

Closing the building was a rather easy process, but was very satisfying because it 

gave the building its recognizable look.  Exterior walls were added which included the 

curtain wall, concrete retaining walls and CMU.  A common interior wall was used for 

the entire building just to give it the look we wanted, not necessarily for the cost 

estimation.  The BIM for this building was done with the intention of estimating concrete, 

steel and curtain wall, therefore estimates for the interior walls, doors, were not planned 
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to be performed.  They were done mainly for cosmetic purposes and not as accurately as 

the steel, concrete and curtain wall.  The final rendered model is shown in figure 7. 

 

Figure 7: Final building rendering 

 

The final step, in order to create the 4D model, was to create views on the model 

in each month of construction.  Using the photos of the site for the past year, it was very 

easy to see what changes were made month to month and accurately portray them in the 

model.  The program allows you to hide different materials in different views.  We 

modeled the building from March 2007 to January 2008.  Each view allowed us to 

actually go into the building and see what it would have looked like at that stage of 

construction.  An example is shown below with a photo from July 2007 and the BIM for 

the same stage in construction.  The full timeline is shown in appendix 5.   
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Aerial Shot July 2007 

 

 

 

 

 

 

 

 

 

 

Figure 8: Photo and model of construction progress in July 2007 
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5.4 Conclusion 
 

 The experience using Revit as a BIM was very worthwhile.  It let us become 

familiar with the ins and outs of the entire building and allowed us to work with a state of 

the art program which will soon be used in many construction projects.   

 After using the program, though, we realize how much effort goes into making an 

entirely accurate model.  Our model only really illustrated the steel structure, the walls, 

floors and foundation.  Much more is put into an actual model used in the field and has to 

be extremely time consuming and difficult.  We believe, though, that it is well worth the 

effort.  With the proper training and experience, a model could feasibly be created which 

would be the main reference for subcontractors in any construction project. 
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Chapter 6: Scheduling 
 

6.1 Need for a schedule 
 

 This section of our report showcases the scheduling aspect of a construction 

project.  A schedule is an important part of a construction project such as this one.  

Without it, there would be confusion throughout the entire workforce.  The base 

schedule, as well as its weekly updates, helps to organize every aspect of the design and 

construction process.  Everything from when the first holes will be dug, to when the 

concrete will be poured (and by whom), to when the curtain wall will be in place is all 

within this master schedule.  The schedule allows for the project managers to know what 

parts of the project need the most attention, who is the most behind schedule, as well as 

what needs to be done to bring the project back on track. Schedules that have a network 

built into them to show the relationships between activities also give the project manager 

a critical path. This is the path of activities that directly affect each other and could push 

back the finish date. It is important for the project manager to be able to make sure that 

the activities in the critical path get the most attention and are made sure to not encounter 

any delays. 

6.2 Actual Schedule from Consigli 
 

 In order to build our own schedule, we needed the actual schedules used by 

Consigli Construction.  At each of the meetings we attended, there were Meeting Minutes 

packets as well as that week’s updated schedule.  For each type of meeting, whether it 

was the owners or subcontractors, a new and different schedule was provided.  With these 

schedules, our group created updated versions of the baseline schedule.  The baseline 

schedule is the one that was created before any construction began.  This is the original 
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schedule that contains the original plans for the project, if nothing had gone wrong this 

would have been the only necessary schedule.   

 With the baseline schedule as a starting point, the weekly updated schedules 

showed where the project began to lose its course.  Each week it could be seen what 

process (and what subcontractors) were responsible for different setbacks.  This proves 

extremely helpful to the project managers.  Our job was to compare the original to the 

updates and see what went wrong.   

6.3 Primavera Scheduling 
 

The scheduling part of our project was done with the help of the Primavera 

computer program. Primavera is a computer program that is being used more and more in 

the project management and construction industries.  It provides a simple and easy way to 

create and update project schedules.  Through this program it is possible to estimate when 

a project will be complete; it helps show a project’s critical path, shows what changes 

occur when that critical path is changed, as well as many other traits.  Instead of 

preparing a schedule by hand that can take days, the program takes a few hours.  This 

computer program is a very helpful tool whose use will only expand as the years go on.   

From a schedule that was created by Consigli, we were able to create our own 

initial plan for the project. We used Consigli’s original baseline schedule and placed it 

into the Primavera program.  From here we gathered the updated schedules from the 

weekly meetings that showed what parts of the building were and were not complete at 

that time. Instead of doing a new Primavera schedule for every week, we combined a 

month’s worth of meeting schedules and combined them into one larger monthly 

schedule.  This was done a total of three times.  There is the original baseline schedule, 
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one for the month of August, one for the month of September, another for January, and 

another for February.  Each monthly schedule also has the original baseline schedule 

attached to it.  With this we were able to see where the schedule is ahead or behind the 

original schedule.    

Here is a picture of what the initial schedule looked like before we ran the 

program:

 

Figure 9: Initial plan before run on Primavera 

 

Looking at Figure 2, the activities and their details (ID number, duration, start, 

and finish) are on the left while the overview of the schedule is on the right. The blue line 

going down the middle of the overview is the date that the schedule is being run. It can be 

changed depending on what day the project manager is running the program. The black 

lines are the activities while the green lines underneath them are the two sections (project 

management/engineering and construction). Some activities don’t have the two 

subsections, just the construction aspect.  
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We ran it to make sure the dates stayed in place and here is where one of the first 

problems occurred.  The dates would get pushed back in order to keep the actual duration 

and wouldn’t start until the day that we ran it, therefore activities were ending in 2009 

when they should have been done in early 2008.  We fixed this problem by looking at 

each activity and deciding if it had started and finished by according to the current 

schedule.  There still was a problem with activities that were still in the process of being 

completed. The date that they started would be the same but the finish date would again 

be pushed back to keep the activity duration intact. We then checked to make sure that 

the expected finish date would be kept the same and that solved everything. This method 

of scheduling isn’t what most companies would want because it doesn’t have a critical 

path so it doesn’t really show what activities need to be done in order to start another. In 

the real world, companies decide what has to happen before another activity can begin. 

For example, the wall of the building can’t be put into place until the steel is erected and 

the steel can’t be erected unless the foundation is set. With our scheduling, the activities 

are set in stone and don’t have connections with one another. There is no critical path and 

activities don’t affect one another. The reason that this method is good for our project and 

comparison is that we want to see how the schedule progressed and if activities had the 

same start and end dates through the progression of the project. This is what the schedule 

after being run: 
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Figure 10: Initial plan after being run on Primavera 

 

 

 After being run the schedule looks a little different. Now instead of the green bars 

it has the activities being blue, green, or red. The blue portion of the activities means that 

the activities actually happened up to the time the updated schedule was created. The red 

and green show the amount of the activity that still needed to be finished before that 

activity was complete. 

There was only one problem in creating this schedule as Consigli provided us 

with a good detailed initial baseline and we decided to take the major categories such as 

Fire Protection, Site Clearing, and Steel Metal Stairs and follow them through the 

construction process to see if there were any changes in their scheduling.  In some 

categories there was a breakdown into two more categories which were Project 

Management/Engineering and Construction. After the initial plan was created, we looked 

at the schedules they provided us and tried to create updated schedules. There were some 

problems here as new activities were added and some were taken away. At the end of B 
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term we were able to create two other updated schedules which were in August and 

September. Another problem with the scheduling occurred here and we tried to tag two 

baselines to the original baseline. This would give us a good view of how each activity 

changed through the progress of the project. We started with the original and tried to tag 

the two updated schedules, but they wouldn’t show up. When we tried to do the opposite 

there was no problem tagging the original baseline to an updated schedule. Then we tried 

to add another updated schedule onto it and the line wouldn’t show. We ended up staying 

with three updated schedules with the original baseline tagged to each one. This makes it 

a little harder to see the overall progression of the project through the different updated 

schedules, but delays can be seen in each one.  

6.4 Baselines 
 

Another problem with the scheduling occurred when we tried to tag two baselines 

to the original baseline. This would give us a good view of how each activity changed 

through the progress of the project. We started with the original and tried to tag the two 

updated schedules, but they wouldn’t show up. When we tried to do the opposite there 

was no problem tagging the original baseline to an updated schedule.  

 

Figure 11: Updated schedule attached to original schedule 

 

 

The example above shows us the two lines, each representing a schedule. The big 

green line represents the updated schedule while the little yellow line represents the 

original schedule. This example above shows that the finish date of the updated schedule 

is behind that of the original schedule. Since each block represents a month, this activity 
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seems to be behind schedule by two and a half months. After we had tagged the updated 

schedule to the original baseline, we tried to add another updated schedule onto it and the 

line wouldn’t show. We ended up staying with three updated schedules with the original 

baseline tagged to each one. This makes it a little harder to see the overall progression of 

the project through the different updated schedules, but delays can be seen in each one.  
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6.5 Updated Schedule 1 
 

 

Figure 12: Updated schedule 1 attached to the original baseline 

 

The project started in December 2006 with Project Management/Engineering of 

some of the activities such as the steel, concrete, and utilities (plumbing, electrical, 

ventilation, etc.). Right from the start there were delays as only unit masonry units, 

structural steel, gypsum board, and curtain walls all finished according to schedule. This 

wasn’t a good start because the construction process was fast tracked which meant that 

the construction was started before the design/engineering was completed. By the first 

updated schedule it could be seen that some activities were going to be delayed because 

of the project management/engineering part being delayed. It seemed that Consigli tried 

to push up other activities that could be done earlier to try to save time. Activities such as 

storm drains and sediment erosion control were pushed up two months while the 

construction for unit masonry assembly and structural steel were pushed back.  

What’s interesting to note is that with the activities they pushed back, they didn’t 

really change the finish date. This could be because they determined that they would be 
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able to finish that work in a shorter amount of time or because they figured that the 

allocated time for construction was more than what they needed. These activities weren’t 

on the critical path because their duration can change and their finish dates stayed the 

same. From the original schedule, the structural steel was to start construction on the 23
rd

 

of April 2007 and end on the 21
st
 of November 2007. In the updated schedule, the finish 

date was only 6 days later on November 27
th

 2007 but the start date was the 27
th

 of July 

2007. That’s close to two months of construction that was originally planned before 

Consigli decided they didn’t need that much time anymore. Another interesting note with 

the updated schedule is that the utilities moved back their project 

management/engineering start and finish dates, but decided that the construction aspect of 

the project could be pushed up. According to their schedules, the utilities were some of 

the last activities on this project. This is interesting because it shows that Consigli 

thought that the project was ahead of schedule and that they would be able to finish up 

the utilities sooner. 

6.6 Updated Schedule 2 
 

 

Figure 13: Updated schedule 2 attached to original baseline 
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 Again as with the first updated schedule, the second updated schedule had the 

project management/engineering pushed back but this time it was only a couple days 

compared to a couple months between the original and first update. This was a good sign 

because it showed that the project was in fact still going according to the first updated 

schedule and that they would finish ahead of schedule. Many of the activities that didn’t 

have a project management/engineering part were actually pushed ahead and scheduled 

earlier.  The doors, frames, and walls were to be completed by October 2007 instead of 

May 2008 which was the original plan. This was what the schedule showed, but 

according to the meetings with the owners and subcontractors, the project was delayed. 

The steel still wasn’t fully erected which caused a problem for other subcontractors. 

Again, even though the method we used for comparing schedules doesn’t have a critical 

path, it’s clear to see that some activities need to be completed or at least started before 

others could start. Since most of the building frame was completed, the landscaping was 

starting to take effect. They had originally planned to start the landscaping in the fall of 

2007 and were right on schedule.  Some activities still weren’t updated since the original 

schedule. These were activities that were to take place in the building such as floor tiles, 

carpeting, and interior painting. Again this shows that Consigli felt that they weren’t 

behind schedule and would finish on time.  
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6.7 Updated Schedule 3 
 

 

Figure 14: Updated schedule 3 attached to original baseline 

  

The third updated schedule is really interesting compared to the last two updates in that it 

shows that the project is really behind schedule. The thick green lines represent the 

updated schedule while the thin yellow lines represent the original schedule. Most if not 

all of the activities besides the interior activities such as floor tiles, carpeting, and interior 

painting were to be completed by the end of 2007. This updated schedule was created on 

January 23
rd

 2008, after the activities were to be completed. This means that activities 

were really not completed and had to be pushed back. In the earlier updates, some of the 

activities that were pushed back hadn’t even started which meant that there was still time 

to change around the dates and see if the project could get back on track. Part of the 

project such as the glazed curtain walls were going as planned while other parts such as 

the metal wall panels were really behind schedule. With the activities greatly behind 

schedule, the project was on course to go past the original intended finish date.  This 

could be seen at the meetings as Mr. Caputo, the foreman, tried to figure out the reasons 
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for the delays and the implications on the rest of the project. The only parts of the project 

that haven’t been changed since the beginning was the interior activities such as the ones 

listed above. Since most of the activities weren’t scheduled to start till February or March 

of 2008 and the schedule update was created on January 23
rd

 2008, there wasn’t any need 

to delay or push back these activities. These activities can be done quickly but still 

depend on other parts of the project in order to start. An example of this would be the 

paving and edging of the walkways (activity 2.7 Construction): 

 

Figure 15: Finished schedule from second update 

 

 

Figure 16: Finished schedule from third update 

 

Figure 8 is a picture of the finish schedule from the second updated schedule while the 

Figure 9 is a picture of the finished schedule from the third updated schedule. It can be 

seen that the finish dated scheduled for the second update is earlier than the finish date of 

the third update because the finish update of the original stays the same. What’s 

interesting about this is that the start date for the paving was October 15
th

 2007 for the 

second updated schedule while it was April 1
st
 2008. The paving and edging for the 

walkways would have to wait until other part of the construction were completed.  

6.8 Conclusion 
 

 Consigli was chosen for this project because of past experience with the owner. 

The design and construction process for this building was to be a fast tracked meaning 

that the construction was going to start before the design was completed in order to try to 
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save time and money. The project originally started in December 2006 and was scheduled 

to finish in July 2008. Even though there were many delays and activities pushed back, 

the critical path wasn’t affected enough to push the finish date back. By the updated 

schedule in January 2008, the finish date was the same even though there were many 

delays. The interior activities were the last scheduled activities and were to happen at the 

end of the project. It would seem that delays in the construction of the steel, concrete and 

framing would push the finish date past the expected finish date. Since we don’t have any 

updated schedules past January, it’s hard to tell if the interior activities were pushed back. 

It seems that Consigli again thinks they will be able to shorten the amount of work 

needed on the activities that were delayed and meet the deadline to have the project 

completed. The only real way to figure out if this was the case would be to see how the 

updated schedule looks like in March after the interior activities were scheduled to start. 

It’s interesting to see how much a schedule changes as the project progresses. Many 

things can cause a delay in the activities such as an accident, weather, materials not 

coming on time, the labor not being done fast enough, and another activity affecting the 

start of another activity. If Consigli had provided us with the Critical Path and a network 

of how the activities were connected to one another, it would be easier to determine how 

and why certain activities were delayed. Primavera still provided us with a good idea of 

which activities were delayed and which were actually shorter than scheduled.  
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Chapter 7- Quantity Survey 

7.1 Need for estimating 
 

Cost estimation in a construction project is a very important and necessary step in 

project management.  Using available data, cost engineers or estimators derive a base line 

of what the project will cost.   

 There are basically three types of estimates in every project.  The design estimates 

include the screening estimates, preliminary estimates, detailed estimates and the 

engineers estimates based on plans and specifications.  These estimations are done for the 

owner.  Estimations that are done for the contractor include the bid estimates and the 

control estimates.  Bid estimates are submitted to the owner during competitive bidding 

for a project and are figured out using subcontractor’s quotes, quantity takeoffs and 

construction procedures.  Control estimates are established to monitor the project when it 

is being constructed.  These include budget estimation for financing, budgeted costs after 

contracting but prior to construction and estimated cost to completion during the progress 

of construction.  
13

 

There are multiple approaches to estimating.  The production function is used to 

relate the amount of output to the inputs of labor, material and equipment.  This is done 

for multiple purposes.  An example would be the size of a building compared to the labor 

hours per unit area.  It is a mathematical formula used to try to reduce costs based on 

needs.  Unit costs of quantities are established for each component of the project and a 

total cost is calculated after the unit cost is multiplied by the quantities of the project.  

                                                 
13

 Hendrickson, Chris. "Cost Estimation." Project Management for Construction. 1998. Department of Civil 

and Environmental Engineering, Carnegie Mellon University. Feb. 2008 

http://www.ce.cmu.edu/pmbook/05_Cost_Estimation.html 
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 Our project did not estimate costs, but it estimated quantities which can be used to 

establish approximate costs.  Hand estimates were done using the drawings given to us by 

Consigli and then compared to the BIM quantities.  Assuming the hand estimates were 

very accurate, we could establish how precise the model was for calculating quantities of 

the entire building. 

7.2 Preliminary Quantity Survey by Hand Calculations 
 

Although our main source for estimating was using the information generated 

from BIM, we needed some way to establish just how accurate the model was.  To do 

this, we used the architectural and structural drawings to calculate concrete, steel and 

curtain wall quantities of one half of the third floor.  Because the building is rather large 

(258,000 ft
2
), it would have been very time consuming to hand estimate the entire 

building.  Calculating just the one section was rather easy and could serve as a control for 

the BIM.  This would give us an idea as to how well the model was done and 

approximately what percent the total quantities were off.  

 Prior to beginning the estimate of the third story quantities, we knew that the 

concrete estimate would be relatively inaccurate.  There were many details in the 

concrete which could not be included in the model because of both inexperience with the 

program and difficulty deciphering the specifications in the drawings.  The steel and 

curtain wall estimates, though, we believe are very accurate.  This is proven with the 

comparison of the two estimation procedures of the south third floor.   

7.3 Quantity Survey using Revit 
 

One of the features of Revit is its ability to create exportable schedules of the 

materials used in the model.  This made it very easy to extract total quantities of steel, 
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concrete and walls.  By creating schedules in the program, you can specify what details 

you would like to see and the program puts them in an easy to read table.  Figure 17 

shows a steel schedule exported from Revit which gives the the description of the 

member, the type of beam, the length and weight of the beam and the quantity of beams 

with the same attributes. 

 

Figure 17: Exported Quantity values from Revit 

 

We assumed using the total weights of the beams would give us a sum to use in 

our assessment of the Revit accuracy.  Most every member in the building is a wide 

flange beam, which is described by its depth and weight per foot.  (i.e. A W14X24 beam 

is 14 inches deep and 24 pounds per foot length.)  Multiplying the total length by the 
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weight of the beam we can acquire the total weight of the beam.  This process was used 

in both the hand estimates and the BIM estimates. 

In order to estimate the concrete, Revit extracted the total area of the floor slab on 

the third floor.  We knew the thickness of the concrete slab on each floor was 3.25 inches 

and could then multiply the square footage given by the program to find the total volume 

in ft
3
.   

7.4 Comparison of all estimation 
 

In order to discover how accurate the BIM was at estimating, we needed to 

establish a control variable to compare it to.  To do this, we calculated quantities for steel 

and concrete on the south side third floor of the building.  It was a relatively simple 

section of the building to use.  The values are presented in figure 18. 

 

 

Figure 18: Final quantity comparisons 

 

In comparison, the hand estimates were rather close to the BIM quantities.  We 

found that steel quantities had about a 1% difference, the concrete was about 2% different 

and the curtain wall was about equal.  The differences may have to do with possible 

errors in modeling.  The BIM had 1% less weight than the hand estimates.  There may 

have been a member or two left out or the weight of the beams placed in the buildings 

may have been a little off.  A major reason for the concrete inaccuracy was the fact that 

the dimensions of the slab on the structural drawings only went to the middle of the 
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outside columns, when the slab actually was a few inches larger.  This could easily 

change the value +/- 2%.  We were generally satisfied with the outcome.  Knowing that 

the model was very accurate, we then extracted values for the entire building which could 

be used to approximate costs.   

Using the “control” section of the building we were able to come up with a 

formula to find the total quantities of the entire building.  We used the exported values 

from Revit for steel, concrete and curtain wall and added or subtracted the percent 

difference found in the hand estimates.  This is assuming the quantities are consistently 

inaccurate by the same percentage the 3
rd

 floor south was.  Our final quantities are listed 

in figure 19. 

 

Figure 19: Calculated final quantity values 

 

As far as an estimating tool, Revit seems to be very effective.  The ease of 

exporting quantities was surprising.  The file could be opened up in Microsoft Excel and 

many calculations could be done without difficulty.  If a known value for each material is 

assigned to that material, it would be very easy to calculate the total cost of at least the 

material in a project.  
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Chapter 8: Camera Loading Design 

8.1 Introduction to situation 
 

Our objective was to evaluate the structural capacity of the steel framing of the 

UMass ACCES building in Worcester and redesign the building’s steel structure to 

accommodate an extra dead load that was not in the original design plans. 

 

Figure 20: Placement of 10K cameras from West view 

 

  The capstone design portion of our group’s MQP consists of analyzing and 

reevaluating the entire steel frame structure of the UMass building before and after the 

addition of at least three ten thousand pound cameras on floors three, four and five.  

When the project was originally designed, the cameras were not part of the expected dead 

load.  Because the project uses a design-build format, there were many factors that had 

not been determined when construction started.  There are still some that are still being 

established.  For example, the entire interior of the structure has yet to be designed even 

though the exterior construction is nearly complete.  The main interior design factors 

being what each floor will be used for, whether it is for educational purposes, medical 
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practice, or as a common area.  Early in construction the owner brought up the possibility 

of reserving three floors (floors three four and five) for medical use.  One of the options 

for making this building one of the most up to date and high tech  facilities in the country 

was to add a three cameras to each floor- with each camera weighing ten thousand 

pounds. With the current design, the trusses would fail under the added load. In the end 

they decided not to change the plans they had and would relocate the cameras or not use 

them at all.  For our project, however, we continued as if they decided to use the cameras 

and the changes were deemed necessary.  Even though our problem was not practiced in 

the real world, our created scenario would still give our group the desired experience and 

knowledge of the design and construction processes.  By continuing in this way, each 

member still gains experience with tools and processes practiced on real world design 

and construction projects. 

Our group determined what floor design would work to compensate for the 

additional camera load. We decided to find out if it would be better to redesign the 

columns as a whole or it would be better to simply add steel supports to the columns 

already in place.  We wanted to see how much work it would have been to add the steel 

as well as how these changes would affect the budgeted cost.  Also, we determined how 

this added construction affects the project’s duration.  

These problems are what can hinder projects, especially ones that are fast-tracked.  

The project is already behind schedule and changing the floor plans would more than 

likely push construction deadlines even further behind schedule.  We also conducted a 

structural review of the current load bearing capacity of the floor and steel frame as well 
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as the re- designed structural members.  After these reviews, we calculated the cost and 

schedule impact of this work. 

8.2 Steel Design Methodology 
 

 The first step to the design process was analyzing the loading put on the building.  

Using a program recommended by Professor Jayachandran, MASTAN 2, we were able to 

model the frame of the building and apply the loads it undergoes.  The program was 

copyrighted in 2008 by Professors Ronal D. Ziemian and William McGuire who are 

professors at Bucknell University and Cornell University, respectively.  

 Becoming familiar was the program was the most important step to beginning our 

analysis.  After going through the tutorial which came with the program, constructing the 

structure of the building was very simple.  We first made the basic shape of the building 

by establishing nodes and elements.  The next step was specifying what qualities each 

element was by inserting the area, I and Z for each beam size.  Finally we needed to 

define the steel characteristics which we assumed to be E equaling 29000 ksi, v = 0.3 and 

Density being 0.000284 kips/in.  These properties, along with assigning each member the 

correct size, allowed the program to do an elastic analysis of the building and we could 

determine if the loading was too large to handle.  

The model was a 2D interpretation of the B section columns of the building.  The 

overhang on the front of the building produced a moment that also had to be accounted 

for in the model. We calculated the loading at the front of the building and used it to 

calculate the moment where each column was. The moment force, along with the dead, 

live and wind loads, were all applied to the model in order to create an accurate analysis 

of the steel frame.  When the first order elastic analysis was performed, we discovered 
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that the resulting forces on the columns were much lower than it should have been for the 

actual size of the columns.  We found that the entire dead load was not actually given to 

us in the structural drawings from Consigli because it did not include the actual weights 

of the materials in the building.  We tried to receive this information from them but the 

steel design was done by another contractor and Consigli did not have the numbers we 

needed.  We decided that we would design the column and beams according to the 

analysis done in MASTAN, even though the model did not include the full dead load.   

 
Figure 21: "B" columns analyzed (yellow) 

 

8.23 Recommendations 
 

First we wanted to look at the axial loading on the columns. We determined that 

columns B4, B5, B8.1, B9, B12, and B13 were the only columns that would be affected 

by the loading due to the new cameras. We checked to see if the column size was 

sufficient to hold the loading. First we checked the column sizes needed for the loading 

without the cameras. We used the ASD method and found that columns B8.1, B12, B13 

should be a W14x159, B4 a W14x21, B3 a W14x176, and B9 a W14x90. After finding 

out the column sizes before the loading, we put the loading on and did the analysis 

through MASTAN again. The axial loading only went up 15 kips per column so we 
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checked our results earlier to see if any of the columns maximum load was within 15 kips 

of the actual load. None of the columns were within the range of 15 kips so there was no 

need to increase the size of the columns. 

Next we wanted to design the beams from the analysis through MASTAN. We 

got the results and figured out that beams B12 to B13, B3 to B4, and B8.1 to B9 would be 

the most affected by the new loading. We looked at the deflection, shear, and moments of 

the beam to see if they would fail. Beam B12-B13 was designed to be a W14x120 

through the moment analysis, but after doing the shear and deflection analysis the beam 

size had to be changed to W12x126. For the beam B3-B4, the moment analysis gave us a 

beam size of W21x93 which passed both the deflection and shear tests. For the B8.1-B9, 

the moment gave us a beam size of W14x48 which had to be changed to W18x60 

because it failed the shear and deflection tests. The final designs for the beams were B12-

B13:W12x126, B3-B4:W21x93, and B8.1-B9:W14x48.  

 
Figure 22: Critical columns and girders 

 

 

  Using the numbers we found using the structural analysis on Mastan, calculations 

showed that the addition of the cameras would not effect the critical columns enough to 
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require a size change.  Using this information, we conclude that the actual columns would 

not experience enough of a load change to need a size change either.  However, the 

beams in which the cameras are placed on top of would need a change in size.  Since the 

floors are similar and the beams that are effected are the same size on the three floors, we 

needed only to redesign three of the beams.   
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Chapter 9: Conclusion 
 

9.1 Analysis 
 

 For the scheduling part of this project, it showed early that the project was behind 

schedule but Consigli still figured they would be able to finish the project by the finish 

date that was originally planned. Many activities’ start dates were delayed, but Consigli 

figured out a way to finish the activities in a shorter amount of time. This could be 

because they brought in more labor, the activities were able to happen at the same time, 

activies weren’t located on the critical path, activities had a high number of float days or 

overtime was added to the activities. Since the last schedule showed activities starting in 

March of 2008, it would have been interesting to see how an updated schedule from the 

end of March would look compared to the original schedule. It was interesting to see how 

the project progressed and how Consigli dealt with the delays. Almost all the start and 

finish dates of the activities had to be rearranged which shows that what is originally 

planned on a project doesn’t necessarily mean that that’s what’s going to happen. Many 

times a delay on one activity has an effect on another activity which creates a domino 

effect causing the overall finish date of the project to be pushed back. Some causes can’t 

be helped while other types of delays would have a lesser chance by the selection of the 

subcontractor. Some subcontractors are very efficient and good at what they do. Since 

this is the case, they are able to charge more for their services. This is the decision that 

the owner or construction manager must make when picking subcontractors. While one 

may provide the best quality and is least likely to have a delay, their cost might be a bit 

pricy compared to another subcontractor that does the job for a cheaper cost but not to the 
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level that the first subcontractor could do. This decision is probably the biggest influence 

on a project schedule and it seems to have affected the finish date of this project.  

 Using the BIM program, we were able to determine quantities for steel, concrete 

and curtain wall rather accurately.  The program also allowed us to create a 4D rendering 

of the project.  This means that the model displayed the building at multiple stages during 

the construction process. In order to do this we had pictures of the site as it was being 

built and created a timeline for each picture. From there a portion of the model was 

“completed” to show how much of the total project was finished.  Since we had different 

stages we could also look at the schedule and see how the model compared to the 

schedule. Activities such as the steel and concrete could be shown through time on the 

model and if someone wanted to look at a certain date they would be able to see how the 

activity was coming along and see what percentage should be completed according to the 

schedule. From here they could look at the model and get an idea of what the actual 

building would look like.  

 Using Revit as an estimation tool, we discovered that the model was relatively 

accurate.  Comparing hand calculations to values exported by the program for one half of 

one floor, a very small difference established the model as accurate and a practical tool 

estimate the entire buildings material quantities. 

9.2 Recommendations 
 

 After performing structural analysis on the UMass building with the program 

MASTAN 2.0, we were able to conclude that the columns were structurally sound to hold 

the potential nine cameras if they were placed on the third, fourth and fifth floors.  Since 

we placed them directly on the beams in between the columns that were affected, these 
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were the only beams that were affected by the new loadings and did have to be 

redesigned.  All nine girders were analyzed checking shear, moment and deflection and 

were all assigned new sizes to accommodate the loads of the cameras.  Because the floors 

were designed so similiarly, the original size of the girders in each section were the same, 

so they were redesigned to be the same size.  The designed changes made are shown 

below. 

 

Figure 23: Design changes 

 

9.3 Experience Gained 
 

 Through this project, we were able to learn about many aspects of the 

construction process.  A few design procedures were learned as well.  By being able to 

use such programs as Primavera, Revit, and MASTAN2 v3.0, we were able to see how 

companies dealt with everyday problems and procedures.  Each program helped us gain 

valuable knowledge of the working world.  These three programs helped us become 

familiar with methods that are being used more and more in the everyday world.  They 

have given us experience that will be useful on the job and in our real world experiences, 
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not just in the classroom.  These skills give us a slight edge against students who are 

competing for job opportunities within the same field we are in the near future. 

 Being able to design a Revit rendering, or calculate an estimated cost, or 

determine the necessary material quantities, or create a computer model of a structure’s 

frame and apply different loads and forces to it (and determine its consequences), or 

being able to read or create a Primavera construction schedule, all will have a positive 

impact for us when we apply for our future careers.   

 This project has also given us good knowledge of real world processes and 

methods.  By observing Consigli Construction we were able to see how professional 

engineers accomplish goals, handle problems, and basically work from week to week.  

Through these encounters, we know going into a job how different situations are taken 

care of on a regular basis.  These additional skills will prove to be necessary to succeed in 

the coming years.   
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Owner’s Meeting Notes – 9/25/2007 

 

 The overall mood of this meeting was very casual, calm, and light hearted.  There 

weren’t any arguments or confrontations at all.  There were some concerns though about 

certain areas of the project.  John Baker brought up many points of interest about 

different project aspects.  He was concerned with the schedule and how Consigli was 

behind on the project, he wanted to know what they were doing to try and make up for all 

of the lost time.  Michael Caputo, in response, stated that they were working on it and 

trying to make up for it.  One way they are doing this is they are having the fireproofing 

team (who was recently changed from East Coast Fireproofing to HCARR) work ten 

hour days including Saturday and Sunday.  In this way they are trying to speed up the 

building’s schedule, even if they have to pay more to have it done.  The number one 

concern now it seems is to have the building completed on time.  So far the steel erection 

is on schedule (relatively) and that is going well.  The metal decking did not show up this 

week (there was no reasoning), but Consigli was assuring the owner’s that it would show 

up by next week.  

 There was also a concern with the glass erection.  This was not in the Meeting 

Minutes or the schedule packet that was handed out, and the owner’s wanted to know 

how that was going.  The curtain wall was also discussed, and it was determined that it 

will be completed by December.   

 John was also concerned with street closings.  Consigli needs to have a crane 

moved in so that they can load more pieces of the curtain wall (they are currently stored 

on the adjacent parking garage roof) and the right time for street closings was discussed.  

It was determined that Columbus Day weekend would be the right time due to the lower 

traffic volume due to the holiday weekend.   

 The last concern was with electric power.  John feels that having all of the 

construction lights on every hour of every day is a waste of electricity and money.  He 

wanted to know what can be done, if they can be timed, maybe only have a few lit, in 

order to save money.  It was decided that they would light a four light box, and then un-

light a box, and light the next box to save money.  The problem with turning them all off 

is that it becomes a safety hazard.  The lights will also be put on a timer so they all do not 

have to be turned on during daylight hours.   

 Everything else that was discussed is in the Meeting Minutes and schedule that 

was handed out for the meeting.   
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Owner’s Meeting Notes – 1/23/2008 

 

 During this meeting general construction issues were discussed. Mr. Caputo 

discussed such things as welds, elevator shafts, the curtain wall, and the Penthouse.  

There were issues with the metal wall panels.  Currently construction is behind schedule 

and extra shifts and hours are being used in order to finish as soon as possible.  They are 

trying to avoid overtime.  The glazed curtain wall is going as planned. They predict that it 

will be done my mid-February.  Most things are going as planned, but that does not mean 

they are not behind overall.   

 The general mood of the meeting seemed to be very timid.  I felt that Consigli 

was trying to impress the owner’s (especially John) in some way.  It was as if the school 

was getting tired of the delays and just wanted to get the project complete.  There were 

certain issues that caused unrest during the meeting.  There was no yelling and screaming 

or anything like that, but there was a sense of annoyance coming from them.  One 

example is that the school wanted specific taps for the metal panels for the east elevation.  

However, WF Lynch might use something else, which is against the school’s wishes.  

Also, Lynch was supposed to show the school was to be used initially and this never 

happened.  This caused more frustration.   

 There was also an issue with trying to get a meeting setup with everyone from all 

sides.  There seems there has been an issue trying to set this up and a date was finally set- 

after somewhat of a disagreement among the members of the meeting.  There was also a 

stop work order for the retaining wall which means a new design needs to be chosen. The 

Consigli crew is also waiting on responses on some RFIs and other submittals.  This as 

well caused frustration.  There are also issues with all of the inspections and safety 

checks, they seem to be always waiting for something to be checked and I am sure that 

this also frustrates the owners- who just want to get things done.   

 In good news the building for its LEED certification as planned.  There have been 

no holdups with this aspect of the project.  What also seemed interesting is that Consigli 

has total control of the building until actual startup.  I just thought this sounded odd to 

me, that UMass would not have any control in the building as it was being built.  
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Site Walk-through Notes – 11/15/2007 

 

 Building was designed as two separate buildings 

 

 The steel was imported from Luxembourg and Alabama 

 

 Original total cost of project was $54 million but has risen to $60 million, mainly 

because of the trench that was built for the 2-20” chilled water pipes and 1-18” 

steam pipe, total size of tunnel is 10’X12’ and costs $2.4 million 

 

 The basement has access to the substation and two loading docks 

 

 4’ separation between parking garage and building  

 

 All exterior precast is 8” and interior is 4” 

 

 Because of possible fire on the top of the garage, sprinkler system was installed 

along entire east side curtainwall 

 

 The roof is a white PCP kind of material, unlike most roofs which are black.  This 

is supposed to conserve in energy in both the summer and winter seasons 

 

 Problem with bearing pads in penthouse.  Did not use proper grout or mortar and 

caused entire panel to crack. 

 

 Red Granite imported from India.  Exterior was sent to Minnesota to be finished 

while interior was finished in India.  Total delivery time was 8 months. 

 

 Project is considered a “green” project  
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Appendix II: Submittal and RFI Lists 
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Appendix III: Complete list of Subcontractors 

  



The University of Massachusetts Advanced Center for Clinical Education and Science (ACCES) 
 

 Page 107 
 

 
  



The University of Massachusetts Advanced Center for Clinical Education and Science (ACCES) 
 

 Page 108 
 

 
  



The University of Massachusetts Advanced Center for Clinical Education and Science (ACCES) 
 

 Page 109 
 

Appendix IV: Project Schedules 
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Original 29-Aug-07 Sept15-19 23-Jan-08

ID Activity Subsection Start End Start End Start End Start End

1.23 Alternates

West Retaining Wall 5-Sep-07 6-Aug-08 6-Sep-07 10-Jan-08 5-Sep-07 16-Jan-08 19-Sep-07 23-May-08

1.25 Contract Modifications

Cooling Water Line Co 1-Jun-07 28-May-08 16-Jul-07 3-Dec-07 16-Jul-07 2-Jan-08 10-Aug-07 11-Apr-08

1.43 Mockups

Proj Mang/Eng 10-Jan-07 26-Nov-07 19-Nov-07 19-Nov-07 26-Nov-07 26-Nov-07 10-Mar-08 10-Mar-08

Construction 29-Mar-07 20-Apr-07

1.77 Closeout Procedues Sample Punch List Form

Construction 6-Mar-08 10-Jul-08 28-Sep-07 23-Nov-07

1.81 General Comissioning

Construction 3-Jul-08 17-Jul-08

2.23 Site Clearing

Construction 14-Sep-07 14-Sep-07 17-Sep-07 17-Sep-07 14-Sep-07 27-Sep-07 11-Mar-08 11-Mar-08

2.3 Earthwork

Construction 20-Dec-06 7-Apr-08 29-Aug-07 8-Nov-07 17-Sep-07 21-Nov-07 30-Oct-08 30-Oct-08

2.31 Fine Grading

Construction 7-Nov-07 13-Nov-07 8-Nov-07 14-Nov-07 7-Nov-07 29-Nov-07

2.379 Sedimentation and Erosions Control

Construction 15-Nov-06 27-Nov-07 14-Sep-07 28-Nov-07 13-Sep-07 12-Dec-07 10-Mar-08 10-Mar-08

2.51 Water Systems

Construction 28-Jun-07 29-Jun-07

2.62 Foundation and Underslab Drainage

Construction 22-Mar-07 8-May-07

2.63 Storm Drains

Construction 20-Nov-06 15-Nov-07 13-Sep-07 15-Nov-07 12-Sep-07 15-Nov-07 11-Mar-08 27-Mar-08

2.7 Paving, Walkways, Curbing and Edging

Construction 1-Dec-06 2-Jun-08 10-Sep-07 21-Nov-07 15-Oct-07 6-Dec-07 1-Apr-08 9-Apr-08

2.92 Lawns and Grasses

Construction 28-Nov-07 14-Apr-08 29-Nov-07 5-Dec-07 28-Nov-07 19-Dec-07 8-Apr-08 14-Apr-08

2.93 Exterior Plants

Construction 12-Sep-07 30-Nov-07 13-Sep-07 3-Oct-07 12-Sep-07 30-Nov-07 1-Apr-08 21-Apr-08

3.3 Cast-in-place concrete

Construction 10-Jan-07 20-Dec-07 22-Aug-07 3-Dec-07 7-Aug-07 17-Dec-07 21-Jan-08 30-Jan-08

3.45 Architectural Precast Concrete

Proj Mang/Eng 1-Dec-06 18-Sep-07 16-Jul-07 10-Sep-07

Construction 19-Sep-07 24-Oct-07 11-Sep-07 18-Oct-07 16-Jul-07 18-Sep-07 17-Dec-07 8-Feb-08

4.81 Unit Masonry Assemblies 19-Sep-07 12-Dec-07

Proj Mang/Eng 1-Dec-06 30-Mar-07

Construction 12-Feb-07 9-Oct-07 13-Aug-07 2-Oct-07 13-Aug-07 17-Oct-07 21-Jan-08 24-Jan-08

4.851 Dimension Stone Cladding

Proj Mang/Eng 1-Dec-06 25-Oct-07 7-May-07 25-Oct-07 7-May-07 25-Oct-07

Construction 1-Oct-07 20-May-08 24-Sep-07 11-Dec-07 1-Oct-07 6-Dec-06 4-Dec-07 21-Apr-08

5.12 Structural Steel

Proj Mang/Eng 1-Dec-06 9-May-07

Construction 23-Apr-07 21-Nov-07 27-Jul-07 27-Nov-07 21-Aug-07 21-Nov-07

5.31 Metal Deck

Construction 25-Jun-07 22-Aug-07 16-Aug-07 22-Aug-07

5.511 Standard Metal Stairs

Proj Mang/Eng 1-Dec-06 24-Aug-07 14-May-07 24-Aug-07

Construction 23-May-07 8-May-08 27-Aug-07 7-Sep-07 27-Aug-07 4-Oct-07

5.512 Custom Metal Stairs

Proj Mang/Eng 1-Dec-06 10-Jan-08 4-Sep-07 11-Feb-08 5-Sep-07 14-Jan-08 22-Oct-07 18-Feb-08

Construction 11-Jan-08 23-Apr-08 22-Feb-08 16-Apr-08

5.53 Grating

Construction 3-Apr-08 21-Apr-08

5.73 Ornamental Formed Metal

Construction 5-Oct-07 12-Oct-07 5-Oct-07 12-Oct-07 5-Oct-07 12-Oct-07

6.1 Rough Capentry

Construction 4-Jan-08 15-Apr-08 24-Jul-07 12-Sep-07 24-Jul-07 20-Sep-07 7-Feb-08 15-Apr-08

6.402 Interior Architectural Woodwork

Construction 7-Mar-08 18-Jun-08

7.131 Self-Adhering Sheet Waterproofing

Construction 21-Feb-07 28-Dec-07 23-Oct-07 25-Oct-07 24-Oct-07 24-Dec-07 12-Mar-08 18-Mar-08

7.21 Building Insulation

Construction 16-Jan-08 13-May-08 17-Mar-08 22-Apr-08

7.412 Metal Wall Panels

Construction 4-Oct-07 17-Dec-07 31-Aug-07 15-Nov-07 13-Sep-07 31-Dec-07 18-Oct-07 6-Mar-08

7.531 TPO Membrane Roofing

Construction 17-Sep-07 2-Jan-08 29-Aug-07 31-Oct-07 17-Sep-07 26-Oct-07 1-Apr-08 21-Apr-08

7.811 Sprayed Fire-Resitive Materials

Construction 11-Aug-07 14-Nov-07 22-Aug-07 19-Nov-07 25-Aug-07 14-Nov-07
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7.92 Joint Sealants

Construction 21-Sep-07 23-Apr-08 25-Sep-07 25-Sep-07 19-Sep-07 21-Sep-07 18-Jan-08 18-Jan-08

8.11 Steel Doors and Frames

Construction 17-Sep-07 29-May-08 17-Sep-07 7-Nov-07 16-Jan-08 28-Jan-08

8.211 Flush Wood Doors

Construction 17-Sep-07 28-May-08 17-Sep-07 26-Nov-07 16-Jan-08 25-Jan-08

8.311 Access Doors And Frames

Construction 1-Oct-07 20-Nov-07 1-Oct-07 19-Oct-07 1-Oct-07 20-Nov-07 16-Jan-08 17-Jan-08

8.329 Integrated Door Assemblies

Construction 17-Sep-07 28-May-08 17-Sep-07 26-Nov-07 16-Jan-08 28-Jan-08

8.331 Overhead Coiling Doors

Construction 17-Sep-07 19-Feb-08 17-Sep-07 24-Sep-07 16-Jan-08 28-Jan-08

8.351 Folding Doors

Construction 11-Oct-07 14-Mar-08 11-Oct-07 18-Oct-07 25-Jan-08 25-Jan-08

8.411 Aluminum-Framed Entrances and Storefronts

Construction 17-Sep-07 7-Mar-08 17-Sep-07 11-Oct-07 16-Jan-08 28-Jan-08

8.47 Revolving Entrance Doors

08.470.10 11-Oct-07 22-Apr-08 11-Oct-07 15-Oct-07 25-Jan-08 29-Jan-08

8.911 Glazed Aluminum Curtain Walls

Proj Mang/Eng 1-Dec-06 15-Aug-07

Construction 20-Aug-07 26-Dec-07 20-Aug-07 4-Dec-07 20-Aug-07 18-Dec-07 20-Aug-07 7-Feb-08

9.111 Non-Load-Bearing Steel Frame

Construction 8-Aug-07 22-Apr-08 8-Aug-07 8-Nov-07 8-Aug-07 6-Dec-07 4-Sep-08 22-Apr-08

9.25 Gypsum Board

Proj Mang/Eng 1-Dec-06 13-Aug-07

Construction 23-Jan-08 20-May-08 2-Jan-08 23-May-08

9.31 Ceramic Tile

Construction 19-Feb-08 27-May-08 15-Apr-08 21-Apr-08

9.511 Acoustical Panel Ceilings

Construction 6-Mar-08 19-Jun-08

9.651 Resilient Floor Tile

Construction 27-Feb-08 1-Jul-08

9.653 Resilient Wall Base Accessories

Construction 3-Mar-08 2-Jul-08

9.671 Resinous Flooring

Construction 27-Feb-08 30-May-08

9.68 Carpet

Construction 3-Apr-08 30-Jun-08

9.912 Interior Painting

Construction 13-Feb-08 26-Jun-08 14-Apr-08 21-Apr-08

10.155 Toilet Compartments

Construction 4-Mar-08 30-May-08

10.265 Impact-Resistant Wall Protection

Construction 27-Feb-08 16-Jun-08

10.41 Directories

Construction 27-Feb-08 27-Jun-08

10.522 Fire Extinguisher Cabinets

Construction 20-Feb-08 29-May-08

10.523 Fire Extinguishers

Construction 27-Feb-08 27-Jun-08

10.801 Toilet and Bath Accessories

Construction 19-Feb-08 2-Jun-08 15-Apr-08 16-Apr-08

14.21 Electric Traction Elevators

Proj Mang/Eng 16-Nov-06 23-Oct-07 16-Mar-07 23-Oct-07 16-Mar-07 23-Oct-07

Construction 24-Oct-07 28-Jan-08 24-Oct-07 20-Dec-07 24-Oct-07 28-Dec-07 26-Nov-07 29-Apr-08

15 15 Proj Mang/Eng 4-Jun-07 26-Sep-07 3-Jul-07 26-Sep-07 3-Jul-07 26-Sep-07

15.3 Fire Protection

Proj Mang/Eng 12-Jun-08 18-Jun-08

Construction 28-Mar-07 27-Jun-08 27-Aug-07 30-Nov-07 7-Jan-08 23-Apr-08

15.31 Fire Pumps and Controllers

Proj Mang/Eng 1-Dec-06 15-Oct-07 8-Jun-07 4-Sep-07 8-Jun-07 15-Oct-07

Construction 16-Oct-07 26-Mar-08 5-Sep-07 5-Dec-07 6-Sep-07 26-Dec-07 31-Jan-08 7-Apr-08

15.4 Plumbing

Proj Mang/Eng 1-Dec-06 16-Oct-07 14-Jun-07 16-Oct-07 14-Jun-07 29-Oct-07 15-Jan-08 15-Jan-08

Construction 2-Apr-07 24-Jun-08 29-Aug-07 20-Nov-07 30-Aug-07 17-Jan-08 31-Dec-07 16-May-08

15.5 Heating, Ventalation and Air Conditioning

Proj Mang/Eng 1-Dec-06 1-Jul-08 25-Apr-07 29-Nov-07 25-Apr-07 30-Nov-07 16-Jan-08 30-Jan-08

Construction 10-Sep-07 24-Jun-08 11-Sep-07 13-Dec-07 17-Sep-07 3-Jan-08 17-Oct-07 22-Apr-08

16 Electrical

Proj Mang/Eng 20-Nov-06 30-Nov-07 18-Apr-07 29-Nov-07 18-Apr-07 30-Nov-07

Construction 15-Dec-06 30-Jun-08 21-Aug-07 15-Nov-07 4-Sep-07 10-Jan-08 7-Jan-08 5-May-08
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Appendix V: 4-D Modeling 
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May 2007 
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June 2007 
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July 2007 
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August 2007 
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October 2007 
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November 2007 
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Appendix VI: Quantity Tables and Calculations 
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Hand Estimates- Steel Framing of South 3rd Floor 

Length Weight/ft(lbs) Quantity Subtotals 

3'3" 22 6 429 

9' 62 2  

 17 2  

 22 5 2412 

38'6" 62 4  

 55 2 9163 

 57 2 9009 

25' 22 1 550 

33' 44 1  

 40 3  

 73 1  

 68 1 10065 

11' 19 2  

 17 5 1353 

27'6" 26 21 15015 

 62 6 10230 

18'8" 22 1  

 114 2  

 129 1  

 102 3  

 84 1 14380 

34'6" 84 2  

 94 1  

 102 4  

 44 2 26151 

 114 1 3933 

18'10" 22 1  

 114 2  

 102 1  

 94 3  

 84 1 13498 

    

  Total: 116188 lbs 
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Structural Beams & Bracing Quantities 3
rd

 Floor (Revit) 

Assembly Code Type Length 

   

HSS8X4X.3125   

B10 HSS8X4X.3125 11' - 11" 

HSS8X4X.3125: 1  11' - 11" 

   

W8X10   

B10 W8X10 3' - 4" 

B10 W8X10 5' - 4" 

W8X10: 2  8' - 8" 

   

W10X17   

B10 W10X17 9' - 11" 

B10 W10X17 9' - 11" 

B10 W10X17 9' - 11" 

B10 W10X17 11' - 11" 

B10 W10X17 9' - 4" 

B10 W10X17 9' - 4" 

B10 W10X17 11' - 11" 

B10 W10X17 18' - 3" 

W10X17: 8  90' - 6" 

   

W12X19   

B10 W12X19 13' - 0" 

B10 W12X19 13' - 0" 

B10 W12X19 11' - 2" 

B10 W12X19 11' - 2" 

B10 W12X19 14' - 8" 

W12X19: 5  63' - 0" 

   

W14X22   

B10 W14X22 18' - 8" 

B10 W14X22 18' - 8" 

B10 W14X22 53' - 4" 

B10 W14X22 53' - 4" 

B10 W14X22 72' - 0" 

B10 W14X22 3' - 3" 

B10 W14X22 3' - 3" 

B10 W14X22 36' - 5" 

B10 W14X22 9' - 4" 

B10 W14X22 9' - 4" 

B10 W14X22 9' - 4" 

B10 W14X22 9' - 4" 

B10 W14X22 9' - 4" 

B10 W14X22 3' - 3" 

B10 W14X22 3' - 3" 

B10 W14X22 3' - 3" 

B10 W14X22 15' - 11 1/2" 

B10 W14X22 25' - 6" 
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W14X22: 18  356' - 9 1/2" 

   

W16X26   

B10 W16X26 27' - 6" 

B10 W16X26 27' - 6" 

B10 W16X26 27' - 6" 

B10 W16X26 26' - 3 1/2" 

B10 W16X26 27' - 6" 

B10 W16X26 27' - 6" 

B10 W16X26 27' - 6" 

B10 W16X26 26' - 3 1/2" 

B10 W16X26 26' - 3 1/2" 

B10 W16X26 27' - 6" 

B10 W16X26 27' - 6" 

B10 W16X26 27' - 6" 

B10 W16X26 27' - 6" 

B10 W16X26 26' - 3 1/2" 

B10 W16X26 27' - 6" 

B10 W16X26 27' - 6" 

B10 W16X26 27' - 6" 

B10 W16X26 27' - 6" 

B10 W16X26 27' - 6" 

B10 W16X26 27' - 6" 

B10 W16X26 27' - 6" 

B10 W16X26 26' - 3 1/2" 

B10 W16X26 27' - 6" 

B10 W16X26 26' - 3 1/2" 

B10 W16X26 26' - 3 1/2" 

B10 W16X26 26' - 3 1/2" 

B10 W16X26 26' - 3 1/2" 

B10 W16X26 27' - 6" 

B10 W16X26 27' - 6" 

B10 W16X26 27' - 6" 

B10 W16X26 27' - 6" 

B10 W16X26 27' - 6" 

B10 W16X26 27' - 6" 

W16X26: 33  896' - 7 1/2" 

   

W18X40   

B10 W18X40 33' - 0" 

B10 W18X40 33' - 0" 

B10 W18X40 33' - 0" 

W18X40: 3  99' - 0" 

   

W21X44   

B10 W21X44 33' - 0" 

W21X44: 1  33' - 0" 

   

W21X50   

B10 W21X50 34' - 6" 
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B10 W21X50 34' - 6" 

W21X50: 2  69' - 0" 

   

W21X55   

B10 W21X55 38' - 6" 

B10 W21X55 38' - 6" 

W21X55: 2  77' - 0" 

   

W21X57   

B10 W21X57 38' - 6" 

B10 W21X57 38' - 6" 

W21X57: 2  77' - 0" 

   

W21X62   

B10 W21X62 9' - 4" 

B10 W21X62 38' - 6" 

B10 W21X62 27' - 6" 

B10 W21X62 27' - 6" 

B10 W21X62 38' - 6" 

B10 W21X62 38' - 6" 

B10 W21X62 38' - 6" 

B10 W21X62 27' - 6" 

W21X62: 8  245' - 10" 

   

W21X68   

B10 W21X68 9' - 4" 

B10 W21X68 33' - 0" 

B10 W21X68 33' - 0" 

W21X68: 3  75' - 4" 

   

W27X84   

B10 W27X84 18' - 8" 

B10 W27X84 18' - 10" 

B10 W27X84 34' - 6" 

W27X84: 3  72' - 0" 

   

W27X94   

B10 W27X94 18' - 10" 

B10 W27X94 18' - 10" 

B10 W27X94 18' - 10" 

W27X94: 3  56' - 6" 

   

W27X102   

B10 W27X102 18' - 8" 

B10 W27X102 18' - 8" 

B10 W27X102 18' - 8" 

B10 W27X102 34' - 6" 

B10 W27X102 34' - 6" 

B10 W27X102 34' - 6" 

W27X102: 6  159' - 6" 
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W27X114   

B10 W27X114 34' - 6" 

B10 W27X114 18' - 10" 

W27X114: 2  53' - 4" 

   

W27X129   

B10 W27X129 18' - 8" 

W27X129: 1  18' - 8" 

Grand total: 103  2463' - 8" 

Total Weight Calculated: 114620 lbs.  
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Quantity Comparison South Third Floor 

 

Steel: 

 

Weight using Revit: 114,620 lbs. 

Weight using Hand Estimates: 116,188 lbs. 

 

(116188-114620)/116188=.0135x100=1.4% missing in Revit Estimation 

  

Floor Concrete: 

 

Volume using Revit: 3916 ft^3 

Volume using Hand Estimates: 3716 ft^3 

 

(3916-3831)/3831=0.0222x100=2.2% overestimate in Revit Estimation 

 

Curtain Wall: 

 

Area using Revit: 3577 ft^2 

Area using Hand estimates: 3590 ft^2 

 

(3590-3577)/3590=0.0036x100= 0.36% underestimate in Revit 

 

  



The University of Massachusetts Advanced Center for Clinical Education and Science (ACCES) 
 

 Page 169 
 

 

 

 

Typical Floor South Side Concrete 
Quantities (Hand Estimate)    

Concrete Section Length Width    

         

Section 1 9'-0" 18'-10"    

  38'-6" 34'-6"    

  33'-0" 18'-8"    

  27'-6" 1'-6"    

  27'-6"      

  27'-6"      

  26'-31/2"      

  1'-21/2"     Area ft^2 

  0'-9"    Section 1 14057 

       Section 2 127 

Section Total 191'-3" 73'-6"  Total 14184 

         

Section 2  3'-4" 38'-41/4"  
Total Volume 
ft^3 3841.5 

         

Section Total 3'-4" 38'-41/4"    

 

 

 

Total Concrete Volume: 

 

(6”/12” x 43283 ft
2
) + (3.25”/12” x 235,727 ft

2
) = 21,641 ft

3
 + 63,842 ft

3   

 

= 85,483 ft
3 
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Structural Column Schedule 
(Entire Building)   
Assembly 
Code Count Length Type Base Level 

     

B10 17  W10X33  

B10 15  W10X39  

B10 27  W10X45  

B10 35  W10X49  

B10 2 30.5 W10X60 Penthouse 5' 

B10 3  W12X40  

B10 8  W12X45  

B10 1 42 W12X53 Level 3.5 

B10 1 40 W12X58 Level 1 

B10 1 49 W12X65 
Basement (Raised 
Slab) 

B10 1 40 W12X79 Level 1 

B10 10  W14X109  

B10 13  W14X120 Level 6.5 

B10 15  W14X132  

B10 6  W14X145 Level 6.5 

B10 17 42 W14X257 Level 3.5 

B10 16  W14X283  

B10 19  W14X311  

B10 9  W14X342  

B10 3  W14X370  

B10 1 53 W14X398 Basement Slab 

Grand total: 220    
 

Total Column Weight: 564668 lbs = 282 tons 
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Structural Framing Schedule (Entire Building)     
Assembly 
Code Family and Type Count Length 

Volum
e Type 

      

B10 W-Wide Flange: W18X35 1 28.33 1.85 W18X35 

B10 W-Wide Flange: W12X19 1 6 0.15 W12X19 

B10 W-Wide Flange: W21X44 1 15.67 1.19 W21X44 

B10 W-Wide Flange: W21X44 1 18.67 1.46 W21X44 

B10 W-Wide Flange: W10X17 1 16.42 0.53 W10X17 

B10 W-Wide Flange: W10X17 1 16.42 0.54 W10X17 

B10 W-Wide Flange: W10X17 1 16.42 0.54 W10X17 

B10 W-Wide Flange: W21X44 1 18.67 1.45 W21X44 

B10 W-Wide Flange: W27X84 1 34.5 5.47 W27X84 

B10 W-Wide Flange: W21X68 1 33 4.34 W21X68 

B10 W-Wide Flange: W18X40 1 33 2.61 W18X40 

B10 W-Wide Flange: W10X15 1 9.33 0.26 W10X15 

B10 W-Wide Flange: W10X15 1 9.33 0.26 W10X15 

B10 W-Wide Flange: W10X15 1 11 0.32 W10X15 

B10 W-Wide Flange: W21X57 1 33 3.7 W21X57 

B10 W-Wide Flange: W18X35 1 33 2.28 W18X35 

B10 W-Wide Flange: W16X26 1 20.33 0.97 W16X26 

B10 W-Wide Flange: W16X26 1 20.33 0.97 W16X26 

B10 W-Wide Flange: W10X17 1 11 0.35 W10X17 

B10 W-Wide Flange: W10X17 1 11 0.35 W10X17 

B10 W-Wide Flange: W21X44 1 18.67 1.45 W21X44 

B10 W-Wide Flange: W24X76 1 34.5 4.96 W24X76 

B10 W-Wide Flange: W16X26 1 27.5 1.41 W16X26 

B10 W-Wide Flange: W21X62 1 27.5 3.25 W21X62 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W21X44 1 18.67 1.45 W21X44 

B10 W-Wide Flange: W27X102 1 34.5 6.64 W27X102 

B10 W-Wide Flange: W16X26 1 27.5 1.41 W16X26 

B10 W-Wide Flange: W21X62 1 27.5 3.25 W21X62 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 108.79 5.65 W16X26 

B10 W-Wide Flange: W16X26 1 108.79 5.65 W16X26 

B10 W-Wide Flange: W16X26 1 108.79 5.65 W16X26 

B10 W-Wide Flange: W16X26 1 108.79 5.66 W16X26 

B10 W-Wide Flange: W21X62 1 108.79 13.4 W21X62 

B10 W-Wide Flange: W21X44 1 18.67 1.45 W21X44 

B10 W-Wide Flange: W21X44 1 18.67 1.45 W21X44 

B10 W-Wide Flange: W21X44 1 18.67 1.45 W21X44 

B10 W-Wide Flange: W18X35 1 18.67 1.16 W18X35 

B10 W-Wide Flange: W24X76 1 34.5 4.96 W24X76 

B10 W-Wide Flange: W24X76 1 34.5 4.96 W24X76 

B10 W-Wide Flange: W24X76 1 34.5 4.96 W24X76 

B10 W-Wide Flange: W24X55 1 34.5 3.57 W24X55 



The University of Massachusetts Advanced Center for Clinical Education and Science (ACCES) 
 

 Page 172 
 

B10 W-Wide Flange: W18X35 1 18.67 1.16 W18X35 

B10 W-Wide Flange: W24X55 1 34.5 3.57 W24X55 

B10 W-Wide Flange: W21X44 1 18.67 1.45 W21X44 

B10 W-Wide Flange: W21X44 1 18.67 1.45 W21X44 

B10 W-Wide Flange: W21X44 1 18.67 1.45 W21X44 

B10 W-Wide Flange: W21X50 1 18.67 1.64 W21X50 

B10 W-Wide Flange: W30X90 1 18.67 2.94 W30X90 

B10 W-Wide Flange: W27X84 1 18.67 2.78 W27X84 

B10 W-Wide Flange: W24X76 1 34.5 4.96 W24X76 

B10 W-Wide Flange: W24X76 1 34.5 4.96 W24X76 

B10 W-Wide Flange: W27X102 1 34.5 6.64 W27X102 

B10 W-Wide Flange: W27X102 1 34.5 6.63 W27X102 

B10 W-Wide Flange: W30X132 1 34.5 8.59 W30X132 

B10 W-Wide Flange: W30X116 1 34.5 7.58 W30X116 

B10 W-Wide Flange: W16X26 1 108.79 5.66 W16X26 

B10 W-Wide Flange: W16X26 1 110.29 5.75 W16X26 

B10 W-Wide Flange: W16X26 1 108.79 5.65 W16X26 

B10 W-Wide Flange: W16X26 1 108.79 5.65 W16X26 

B10 W-Wide Flange: W21X62 1 108.79 13.4 W21X62 

B10 W-Wide Flange: W27X102 1 34.5 6.64 W27X102 

B10 W-Wide Flange: W18X40 1 33 2.6 W18X40 

B10 W-Wide Flange: W21X68 1 33 4.34 W21X68 

B10 W-Wide Flange: W21X50 1 34.5 3.27 W21X50 

B10 W-Wide Flange: W21X50 1 34.5 3.27 W21X50 

B10 W-Wide Flange: W10X17 1 11 0.35 W10X17 

B10 W-Wide Flange: W10X17 1 11 0.35 W10X17 

B10 W-Wide Flange: W10X17 1 11 0.35 W10X17 

B10 W-Wide Flange: W8X10 1 8.92 0.17 W8X10 

B10 W-Wide Flange: W8X10 1 5.17 0.09 W8X10 

B10 W-Wide Flange: W10X17 1 11 0.35 W10X17 

B10 W-Wide Flange: W10X17 1 11 0.35 W10X17 

B10 W-Wide Flange: W12X19 1 11 0.39 W12X19 

B10 W-Wide Flange: W27X84 1 38.5 6.39 W27X84 

B10 W-Wide Flange: W27X84 1 38.5 6.39 W27X84 

B10 W-Wide Flange: W27X84 1 38.5 6.39 W27X84 

B10 W-Wide Flange: W27X84 1 38.5 6.39 W27X84 

B10 W-Wide Flange: W27X84 1 38.5 6.3 W27X84 

B10 W-Wide Flange: W8X18 1 53.17 1.8 W8X18 

B10 W-Wide Flange: W10X17 1 9.33 0.25 W10X17 

B10 W-Wide Flange: W10X17 1 9.33 0.25 W10X17 

B10 W-Wide Flange: W10X17 1 9.33 0.25 W10X17 

B10 W-Wide Flange: W10X17 1 9.33 0.24 W10X17 

B10 W-Wide Flange: W10X17 1 9.33 0.25 W10X17 

B10 W-Wide Flange: W21X62 1 9.33 1.1 W21X62 

B10 W-Wide Flange: W21X62 1 38.5 4.74 W21X62 

B10 W-Wide Flange: W21X44 1 33 2.89 W21X44 

B10 W-Wide Flange: W21X44 1 27.5 2.4 W21X44 

B10 W-Wide Flange: W21X44 1 81.29 7.17 W21X44 

B10 W-Wide Flange: W14X22 1 18.67 0.78 W14X22 

B10 W-Wide Flange: W14X22 1 18.67 0.78 W14X22 
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B10 W-Wide Flange: W14X22 1 53.33 2.31 W14X22 

B10 W-Wide Flange: W14X22 1 53.33 2.31 W14X22 

B10 W-Wide Flange: W14X22 1 72 3.15 W14X22 

B10 W-Wide Flange: W14X22 1 72 3.16 W14X22 

B10 W-Wide Flange: W14X22 1 72 3.16 W14X22 

B10 W-Wide Flange: W14X22 1 72 3.16 W14X22 

B10 W-Wide Flange: W14X22 1 72 3.16 W14X22 

B10 W-Wide Flange: W14X22 1 72 3.16 W14X22 

B10 W-Wide Flange: W21X68 1 9.33 1.21 W21X68 

B10 W-Wide Flange: W21X68 1 38.5 5.22 W21X68 

B10 W-Wide Flange: W21X44 1 33 2.89 W21X44 

B10 W-Wide Flange: W16X31 1 27.5 1.68 W16X31 

B10 W-Wide Flange: W16X31 1 27.5 1.68 W16X31 

B10 W-Wide Flange: W16X31 1 53.79 3.32 W16X31 

B10 W-Wide Flange: W14X22 1 3.25 0.12 W14X22 

B10 W-Wide Flange: W14X22 1 3.25 0.12 W14X22 

B10 W-Wide Flange: W14X22 1 36.42 1.59 W14X22 

B10 W-Wide Flange: W16X26 1 26.29 1.3 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.35 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.35 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.3 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.35 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.35 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.35 W16X26 

B10 W-Wide Flange: W16X26 1 82.5 4.29 W16X26 

B10 W-Wide Flange: W16X26 1 82.5 4.29 W16X26 

B10 W-Wide Flange: W16X26 1 82.5 4.29 W16X26 

B10 W-Wide Flange: W16X26 1 82.5 4.29 W16X26 

B10 W-Wide Flange: W21X62 1 82.5 10.12 W21X62 

B10 W-Wide Flange: W21X62 1 82.5 10.12 W21X62 

B10 W-Wide Flange: W18X40 1 33 2.62 W18X40 

B10 W-Wide Flange: W21X68 1 33 4.34 W21X68 

B10 W-Wide Flange: W21X68 1 33 4.34 W21X68 

B10 W-Wide Flange: W18X40 1 33 2.62 W18X40 

B10 W-Wide Flange: W21X50 1 34.5 3.39 W21X50 

B10 W-Wide Flange: W21X50 1 34.5 3.39 W21X50 

B10 W-Wide Flange: W10X17 1 9.92 0.32 W10X17 

B10 W-Wide Flange: W10X17 1 9.92 0.32 W10X17 

B10 W-Wide Flange: W10X17 1 9.92 0.32 W10X17 

B10 W-Wide Flange: W10X17 1 11.92 0.39 W10X17 

B10 W-Wide Flange: W10X17 1 11.92 0.39 W10X17 

B10 W-Wide Flange: W21X55 1 38.5 4.23 W21X55 

B10 W-Wide Flange: W21X73 1 38.5 5.46 W21X73 

B10 W-Wide Flange: W21X62 1 38.5 4.74 W21X62 

B10 W-Wide Flange: W16X26 1 15.21 0.76 W16X26 

B10 W-Wide Flange: W21X62 1 38.5 4.74 W21X62 

B10 W-Wide Flange: W21X73 1 38.5 5.46 W21X73 

B10 W-Wide Flange: W24X55 1 38.5 4.21 W24X55 

B10 W-Wide Flange: W16X31 1 25.5 1.56 W16X31 

B10 W-Wide Flange: W10X17 1 9.33 0.3 W10X17 
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B10 W-Wide Flange: W14X22 1 9.33 0.35 W14X22 

B10 W-Wide Flange: W10X17 1 9.33 0.3 W10X17 

B10 W-Wide Flange: W14X22 1 9.33 0.35 W14X22 

B10 W-Wide Flange: W14X22 1 9.33 0.39 W14X22 

B10 W-Wide Flange: W14X22 1 9.33 0.39 W14X22 

B10 W-Wide Flange: W14X22 1 9.33 0.39 W14X22 

B10 W-Wide Flange: W14X22 1 3.25 0.12 W14X22 

B10 W-Wide Flange: W14X22 1 3.25 0.12 W14X22 

B10 W-Wide Flange: W14X22 1 3.25 0.12 W14X22 

B10 W-Wide Flange: W16X26 1 82.5 4.29 W16X26 

B10 W-Wide Flange: W16X31 1 27.5 1.68 W16X31 

B10 W-Wide Flange: W16X31 1 27.5 1.68 W16X31 

B10 W-Wide Flange: W16X31 1 27.5 1.68 W16X31 

B10 W-Wide Flange: W21X44 1 33 2.88 W21X44 

B10 W-Wide Flange: W16X26 1 27.5 1.42 W16X26 

B10 W-Wide Flange: W16X26 1 6 0.29 W16X26 

B10 W-Wide Flange: W16X26 1 28.33 1.43 W16X26 

B10 W-Wide Flange: W16X26 1 11.08 0.53 W16X26 

B10 W-Wide Flange: W14X22 1 18.83 0.81 W14X22 

B10 W-Wide Flange: W16X26 1 18.83 0.96 W16X26 

B10 W-Wide Flange: W16X26 1 21.42 1.02 W16X26 

B10 W-Wide Flange: W16X26 1 163.79 8.53 W16X26 

B10 W-Wide Flange: W16X31 1 108.79 6.75 W16X31 

B10 W-Wide Flange: W16X31 1 72 4.45 W16X31 

B10 W-Wide Flange: W16X31 1 72 4.45 W16X31 

B10 W-Wide Flange: W16X31 1 72 4.45 W16X31 

B10 W-Wide Flange: W16X31 1 72 4.45 W16X31 

B10 W-Wide Flange: W16X36 1 27.5 1.96 W16X36 

B10 W-Wide Flange: W14X22 1 70.5 3.09 W14X22 

B10 W-Wide Flange: W14X22 1 27.52 1.19 W14X22 

B10 W-Wide Flange: W27X114 1 16.33 3.49 W27X114 

B10 W-Wide Flange: W21X44 1 33.72 2.92 W21X44 

B10 W-Wide Flange: W24X55 1 9.42 0.92 W24X55 

B10 W-Wide Flange: W16X26 1 23.4 1.14 W16X26 

B10 W-Wide Flange: W16X31 1 26.29 1.61 W16X31 

B10 W-Wide Flange: W16X31 1 27.5 1.68 W16X31 

B10 W-Wide Flange: W16X31 1 27.5 1.68 W16X31 

B10 W-Wide Flange: W18X35 1 33.33 2.29 W18X35 

B10 W-Wide Flange: W16X31 1 62.58 3.86 W16X31 

B10 W-Wide Flange: W16X31 1 62.58 3.86 W16X31 

B10 W-Wide Flange: W21X68 1 163.79 22.32 W21X68 

B10 W-Wide Flange: W21X68 1 163.79 22.32 W21X68 

B10 W-Wide Flange: W16X26 1 163.79 8.54 W16X26 

B10 W-Wide Flange: W16X26 1 163.79 8.54 W16X26 

B10 W-Wide Flange: W16X26 1 163.79 8.54 W16X26 

B10 W-Wide Flange: W16X26 1 163.79 8.54 W16X26 

B10 W-Wide Flange: W14X22 1 72 3.16 W14X22 

B10 W-Wide Flange: W18X40 1 33 2.62 W18X40 

B10 W-Wide Flange: W21X68 1 33 4.34 W21X68 

B10 W-Wide Flange: W18X35 1 33 2.29 W18X35 
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B10 W-Wide Flange: W21X68 1 33 4.34 W21X68 

B10 W-Wide Flange: W21X57 1 33 3.73 W21X57 

B10 W-Wide Flange: W16X31 1 21.88 1.32 W16X31 

B10 W-Wide Flange: W16X31 1 21.88 1.32 W16X31 

B10 W-Wide Flange: W10X17 1 12 0.39 W10X17 

B10 W-Wide Flange: W10X17 1 12 0.39 W10X17 

B10 W-Wide Flange: W10X17 1 21.42 0.71 W10X17 

B10 W-Wide Flange: W10X17 1 21.42 0.71 W10X17 

B10 W-Wide Flange: W14X22 1 16.42 0.7 W14X22 

B10 W-Wide Flange: W16X26 1 16.42 0.81 W16X26 

B10 W-Wide Flange: W16X26 1 16.42 0.83 W16X26 

B10 W-Wide Flange: W18X35 1 34.33 2.37 W18X35 

B10 W-Wide Flange: W16X26 1 16.42 0.79 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.41 W16X26 

B10 W-Wide Flange: W16X26 1 6 0.29 W16X26 

B10 W-Wide Flange: W21X44 1 33 2.85 W21X44 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.33 W16X26 

B10 W-Wide Flange: W27X84 1 18.67 2.97 W27X84 

B10 W-Wide Flange: W27X114 1 34.5 7.61 W27X114 

B10 W-Wide Flange: W24X84 1 18.83 2.99 W24X84 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.33 W16X26 

B10 W-Wide Flange: W16X57 1 28.33 3.16 W16X57 

B10 W-Wide Flange: W16X26 1 11.08 0.53 W16X26 

B10 W-Wide Flange: W14X22 1 18.83 0.81 W14X22 

B10 W-Wide Flange: W16X26 1 18.83 0.96 W16X26 

B10 W-Wide Flange: W16X26 1 21.42 1.02 W16X26 

B10 W-Wide Flange: W16X26 1 163.79 8.52 W16X26 

B10 W-Wide Flange: W16X31 1 108.79 6.72 W16X31 

B10 W-Wide Flange: W16X31 1 72 4.43 W16X31 

B10 W-Wide Flange: W16X36 1 27.5 1.96 W16X36 

B10 W-Wide Flange: W14X22 1 70.5 3.08 W14X22 

B10 W-Wide Flange: W14X22 1 27.52 1.19 W14X22 

B10 W-Wide Flange: W27X114 1 16.33 3.49 W27X114 

B10 W-Wide Flange: W21X44 1 33.72 2.92 W21X44 

B10 W-Wide Flange: W16X26 1 23.4 1.14 W16X26 

B10 W-Wide Flange: W18X35 1 33.33 2.3 W18X35 

B10 W-Wide Flange: W16X31 1 62.58 3.85 W16X31 

B10 W-Wide Flange: W16X31 1 62.58 3.85 W16X31 

B10 W-Wide Flange: W21X68 1 163.79 22.32 W21X68 

B10 W-Wide Flange: W21X68 1 33 4.34 W21X68 

B10 W-Wide Flange: W21X57 1 33 3.73 W21X57 

B10 W-Wide Flange: W16X31 1 21.88 1.32 W16X31 
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B10 W-Wide Flange: W16X31 1 21.88 1.32 W16X31 

B10 W-Wide Flange: W10X17 1 12 0.39 W10X17 

B10 W-Wide Flange: W10X17 1 12 0.39 W10X17 

B10 W-Wide Flange: W10X17 1 21.42 0.71 W10X17 

B10 W-Wide Flange: W10X17 1 21.42 0.71 W10X17 

B10 W-Wide Flange: W16X26 1 16.42 0.79 W16X26 

B10 W-Wide Flange: W21X62 1 9.33 1.08 W21X62 

B10 W-Wide Flange: W14X22 1 18.67 0.78 W14X22 

B10 W-Wide Flange: W14X22 1 18.67 0.77 W14X22 

B10 W-Wide Flange: W14X22 1 53.33 2.31 W14X22 

B10 W-Wide Flange: W14X22 1 53.33 2.31 W14X22 

B10 W-Wide Flange: W14X22 1 72 3.14 W14X22 

B10 W-Wide Flange: W21X68 1 9.33 1.19 W21X68 

B10 W-Wide Flange: W14X22 1 3.25 0.12 W14X22 

B10 W-Wide Flange: W14X22 1 3.25 0.12 W14X22 

B10 W-Wide Flange: W14X22 1 36.42 1.59 W14X22 

B10 W-Wide Flange: W21X68 1 33 4.34 W21X68 

B10 W-Wide Flange: W21X68 1 33 4.34 W21X68 

B10 W-Wide Flange: W21X50 1 34.5 3.39 W21X50 

B10 W-Wide Flange: W21X50 1 34.5 3.39 W21X50 

B10 W-Wide Flange: W10X17 1 9.92 0.32 W10X17 

B10 W-Wide Flange: W10X17 1 9.92 0.32 W10X17 

B10 W-Wide Flange: W10X17 1 9.92 0.32 W10X17 

B10 W-Wide Flange: W10X17 1 11.92 0.39 W10X17 

B10 W-Wide Flange: W10X17 1 9.33 0.3 W10X17 

B10 W-Wide Flange: W14X22 1 9.33 0.35 W14X22 

B10 W-Wide Flange: W10X17 1 9.33 0.3 W10X17 

B10 W-Wide Flange: W14X22 1 9.33 0.35 W14X22 

B10 W-Wide Flange: W14X22 1 9.33 0.39 W14X22 

B10 W-Wide Flange: W14X22 1 9.33 0.39 W14X22 

B10 W-Wide Flange: W14X22 1 9.33 0.39 W14X22 

B10 W-Wide Flange: W14X22 1 3.25 0.12 W14X22 

B10 W-Wide Flange: W14X22 1 3.25 0.12 W14X22 

B10 W-Wide Flange: W14X22 1 3.25 0.12 W14X22 

B10 W-Wide Flange: W12X19 1 6 0.2 W12X19 

B10 W-Wide Flange: W27X129 1 18.67 4.56 W27X129 

B10 W-Wide Flange: W27X102 1 18.67 3.59 W27X102 

B10 W-Wide Flange: W27X94 1 18.67 3.31 W27X94 

B10 W-Wide Flange: W27X94 1 18.67 3.31 W27X94 

B10 W-Wide Flange: W27X94 1 18.67 3.31 W27X94 

B10 W-Wide Flange: W27X94 1 18.67 3.31 W27X94 

B10 W-Wide Flange: W27X94 1 18.67 3.31 W27X94 

B10 W-Wide Flange: W24X84 1 18.67 2.96 W24X84 

B10 W-Wide Flange: W16X26 1 163.79 8.53 W16X26 

B10 W-Wide Flange: W18X40 1 33 2.62 W18X40 

B10 W-Wide Flange: W16X26 1 26.29 1.3 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.36 W16X26 

B10 W-Wide Flange: W21X68 1 82.5 11.14 W21X68 

B10 W-Wide Flange: W16X26 1 27.5 1.36 W16X26 

B10 W-Wide Flange: W18X40 1 33 2.55 W18X40 
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B10 W-Wide Flange: W27X114 1 34.5 7.61 W27X114 

B10 W-Wide Flange: W27X114 1 34.5 7.61 W27X114 

B10 W-Wide Flange: W27X114 1 34.5 7.6 W27X114 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.41 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.41 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.41 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.41 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.41 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.41 W16X26 

B10 W-Wide Flange: W12X19 1 15.67 0.58 W12X19 

B10 W-Wide Flange: W10X17 1 17.04 0.56 W10X17 

B10 W-Wide Flange: W16X26 1 26.29 1.33 W16X26 

B10 W-Wide Flange: W16X31 1 26.29 1.58 W16X31 

B10 W-Wide Flange: W16X26 1 26.29 1.33 W16X26 

B10 W-Wide Flange: W12X19 1 15.67 0.57 W12X19 

B10 W-Wide Flange: W10X17 1 18.25 0.6 W10X17 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W18X35 1 33 2.29 W18X35 

B10 W-Wide Flange: W18X35 1 28 1.9 W18X35 

B10 W-Wide Flange: W10X17 1 16.42 0.53 W10X17 

B10 W-Wide Flange: W10X17 1 16.42 0.54 W10X17 

B10 W-Wide Flange: W10X17 1 16.42 0.54 W10X17 

B10 W-Wide Flange: W10X17 1 11.08 0.34 W10X17 

B10 W-Wide Flange: W27X84 1 18.83 3 W27X84 

B10 W-Wide Flange: W27X84 1 18.83 3 W27X84 

B10 W-Wide Flange: W27X84 1 18.83 2.99 W27X84 

B10 W-Wide Flange: W21X62 1 38.5 4.69 W21X62 

B10 W-Wide Flange: W18X40 1 33 2.59 W18X40 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.33 W16X26 

B10 W-Wide Flange: W21X57 1 38.5 4.25 W21X57 

B10 W-Wide Flange: W27X129 1 18.67 4.54 W27X129 

B10 W-Wide Flange: W27X102 1 18.67 3.6 W27X102 

B10 W-Wide Flange: W27X102 1 18.67 3.6 W27X102 

B10 W-Wide Flange: W27X102 1 18.67 3.6 W27X102 

B10 W-Wide Flange: W27X84 1 18.67 2.97 W27X84 

B10 W-Wide Flange: W21X57 1 38.5 4.34 W21X57 

B10 W-Wide Flange: W18X40 1 33 2.61 W18X40 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 
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B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.33 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.3 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.36 W16X26 

B10 W-Wide Flange: W21X62 1 27.5 3.25 W21X62 

B10 W-Wide Flange: W21X62 1 27.5 3.25 W21X62 

B10 W-Wide Flange: W21X62 1 38.5 4.72 W21X62 

B10 W-Wide Flange: W21X62 1 38.5 4.72 W21X62 

B10 W-Wide Flange: W27X102 1 34.5 6.79 W27X102 

B10 W-Wide Flange: W14X22 1 15.96 0.67 W14X22 

B10 W-Wide Flange: W14X22 1 25.5 1.11 W14X22 

B10 W-Wide Flange: W8X10 1 3.33 0.06 W8X10 

B10 W-Wide Flange: W12X19 1 13 0.47 W12X19 

B10 W-Wide Flange: W8X10 1 5.33 0.1 W8X10 

B10 W-Wide Flange: W12X19 1 13 0.47 W12X19 

B10 W-Wide Flange: W12X19 1 11.17 0.4 W12X19 

B10 W-Wide Flange: W12X19 1 11.17 0.4 W12X19 

B10 W-Wide Flange: W10X17 1 11.92 0.39 W10X17 

B10 HSS-Hollow Structural Section: HSS8X4X.3125 1 11.92 0.52 
HSS8X4X.312
5 

B10 W-Wide Flange: W21X55 1 38.5 4.12 W21X55 

B10 W-Wide Flange: W21X55 1 38.5 4.2 W21X55 

B10 W-Wide Flange: W21X62 1 38.5 4.69 W21X62 

B10 W-Wide Flange: W21X44 1 33 2.85 W21X44 

B10 W-Wide Flange: W18X40 1 33 2.61 W18X40 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.33 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.36 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.33 W16X26 

B10 W-Wide Flange: W27X84 1 18.83 3 W27X84 

B10 W-Wide Flange: W27X114 1 34.5 7.61 W27X114 

B10 W-Wide Flange: W21X62 1 27.5 3.25 W21X62 

B10 W-Wide Flange: W16X26 1 27.5 1.36 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.3 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.33 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.33 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.33 W16X26 

B10 W-Wide Flange: W27X102 1 34.5 6.8 W27X102 

B10 W-Wide Flange: W27X102 1 34.5 6.8 W27X102 

B10 W-Wide Flange: W27X84 1 34.5 5.61 W27X84 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 
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B10 W-Wide Flange: W10X17 1 18.25 0.6 W10X17 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W12X19 1 14.67 0.54 W12X19 

B10 W-Wide Flange: W27X94 1 18.83 3.34 W27X94 

B10 W-Wide Flange: W27X94 1 18.83 3.34 W27X94 

B10 W-Wide Flange: W27X94 1 18.83 3.35 W27X94 

B10 W-Wide Flange: W27X114 1 18.83 4.06 W27X114 

B10 W-Wide Flange: W16X26 1 27.5 1.42 W16X26 

B10 W-Wide Flange: W16X26 1 6 0.29 W16X26 

B10 W-Wide Flange: W21X44 1 33 2.86 W21X44 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.34 W16X26 

B10 W-Wide Flange: W27X84 1 18.67 2.97 W27X84 

B10 W-Wide Flange: W27X114 1 34.5 7.63 W27X114 

B10 W-Wide Flange: W24X84 1 18.83 2.98 W24X84 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.34 W16X26 

B10 W-Wide Flange: W16X57 1 28.33 3.16 W16X57 

B10 W-Wide Flange: W16X26 1 11.08 0.54 W16X26 

B10 W-Wide Flange: W14X22 1 18.83 0.81 W14X22 

B10 W-Wide Flange: W16X26 1 18.83 0.96 W16X26 

B10 W-Wide Flange: W16X26 1 21.42 1.02 W16X26 

B10 W-Wide Flange: W16X26 1 163.79 8.52 W16X26 

B10 W-Wide Flange: W16X31 1 108.79 6.73 W16X31 

B10 W-Wide Flange: W16X31 1 72 4.43 W16X31 

B10 W-Wide Flange: W16X36 1 27.5 1.96 W16X36 

B10 W-Wide Flange: W14X22 1 70.5 3.08 W14X22 

B10 W-Wide Flange: W14X22 1 27.52 1.19 W14X22 

B10 W-Wide Flange: W27X114 1 16.33 3.5 W27X114 

B10 W-Wide Flange: W21X44 1 33.72 2.92 W21X44 

B10 W-Wide Flange: W16X26 1 23.4 1.14 W16X26 

B10 W-Wide Flange: W18X35 1 33.33 2.3 W18X35 

B10 W-Wide Flange: W16X31 1 62.58 3.85 W16X31 

B10 W-Wide Flange: W16X31 1 62.58 3.85 W16X31 

B10 W-Wide Flange: W21X68 1 163.79 22.32 W21X68 

B10 W-Wide Flange: W21X68 1 33 4.34 W21X68 

B10 W-Wide Flange: W21X57 1 33 3.73 W21X57 

B10 W-Wide Flange: W16X31 1 21.88 1.32 W16X31 

B10 W-Wide Flange: W16X31 1 21.88 1.32 W16X31 

B10 W-Wide Flange: W10X17 1 12 0.39 W10X17 

B10 W-Wide Flange: W10X17 1 12 0.39 W10X17 

B10 W-Wide Flange: W10X17 1 21.42 0.71 W10X17 
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B10 W-Wide Flange: W10X17 1 21.42 0.71 W10X17 

B10 W-Wide Flange: W16X26 1 16.42 0.8 W16X26 

B10 W-Wide Flange: W21X62 1 9.33 1.09 W21X62 

B10 W-Wide Flange: W14X22 1 18.67 0.78 W14X22 

B10 W-Wide Flange: W14X22 1 18.67 0.77 W14X22 

B10 W-Wide Flange: W14X22 1 53.33 2.31 W14X22 

B10 W-Wide Flange: W14X22 1 53.33 2.31 W14X22 

B10 W-Wide Flange: W14X22 1 72 3.14 W14X22 

B10 W-Wide Flange: W21X68 1 9.33 1.2 W21X68 

B10 W-Wide Flange: W14X22 1 3.25 0.12 W14X22 

B10 W-Wide Flange: W14X22 1 3.25 0.12 W14X22 

B10 W-Wide Flange: W14X22 1 36.42 1.59 W14X22 

B10 W-Wide Flange: W21X68 1 33 4.34 W21X68 

B10 W-Wide Flange: W21X68 1 33 4.34 W21X68 

B10 W-Wide Flange: W21X50 1 34.5 3.39 W21X50 

B10 W-Wide Flange: W21X50 1 34.5 3.39 W21X50 

B10 W-Wide Flange: W10X17 1 9.92 0.32 W10X17 

B10 W-Wide Flange: W10X17 1 9.92 0.32 W10X17 

B10 W-Wide Flange: W10X17 1 9.92 0.32 W10X17 

B10 W-Wide Flange: W10X17 1 11.92 0.39 W10X17 

B10 W-Wide Flange: W10X17 1 9.33 0.3 W10X17 

B10 W-Wide Flange: W14X22 1 9.33 0.35 W14X22 

B10 W-Wide Flange: W10X17 1 9.33 0.3 W10X17 

B10 W-Wide Flange: W14X22 1 9.33 0.35 W14X22 

B10 W-Wide Flange: W14X22 1 9.33 0.39 W14X22 

B10 W-Wide Flange: W14X22 1 9.33 0.39 W14X22 

B10 W-Wide Flange: W14X22 1 9.33 0.39 W14X22 

B10 W-Wide Flange: W14X22 1 3.25 0.12 W14X22 

B10 W-Wide Flange: W14X22 1 3.25 0.12 W14X22 

B10 W-Wide Flange: W14X22 1 3.25 0.12 W14X22 

B10 W-Wide Flange: W12X19 1 6 0.2 W12X19 

B10 W-Wide Flange: W27X129 1 18.67 4.56 W27X129 

B10 W-Wide Flange: W27X102 1 18.67 3.6 W27X102 

B10 W-Wide Flange: W27X94 1 18.67 3.31 W27X94 

B10 W-Wide Flange: W27X94 1 18.67 3.31 W27X94 

B10 W-Wide Flange: W27X94 1 18.67 3.31 W27X94 

B10 W-Wide Flange: W27X94 1 18.67 3.32 W27X94 

B10 W-Wide Flange: W27X94 1 18.67 3.32 W27X94 

B10 W-Wide Flange: W24X84 1 18.67 2.97 W24X84 

B10 W-Wide Flange: W16X26 1 163.79 8.53 W16X26 

B10 W-Wide Flange: W18X40 1 33 2.62 W18X40 

B10 W-Wide Flange: W16X26 1 26.29 1.3 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.36 W16X26 

B10 W-Wide Flange: W21X68 1 82.5 11.15 W21X68 

B10 W-Wide Flange: W16X26 1 27.5 1.36 W16X26 

B10 W-Wide Flange: W18X40 1 33 2.55 W18X40 

B10 W-Wide Flange: W27X114 1 34.5 7.63 W27X114 

B10 W-Wide Flange: W27X114 1 34.5 7.63 W27X114 

B10 W-Wide Flange: W27X114 1 34.5 7.62 W27X114 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 
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B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.41 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.41 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.41 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.41 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.41 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.41 W16X26 

B10 W-Wide Flange: W12X19 1 15.67 0.58 W12X19 

B10 W-Wide Flange: W10X17 1 17.04 0.56 W10X17 

B10 W-Wide Flange: W16X26 1 26.29 1.33 W16X26 

B10 W-Wide Flange: W16X31 1 26.29 1.58 W16X31 

B10 W-Wide Flange: W16X26 1 26.29 1.33 W16X26 

B10 W-Wide Flange: W12X19 1 15.67 0.57 W12X19 

B10 W-Wide Flange: W10X17 1 18.25 0.6 W10X17 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W18X35 1 33 2.29 W18X35 

B10 W-Wide Flange: W18X35 1 28 1.9 W18X35 

B10 W-Wide Flange: W10X17 1 16.42 0.53 W10X17 

B10 W-Wide Flange: W10X17 1 16.42 0.54 W10X17 

B10 W-Wide Flange: W10X17 1 16.42 0.54 W10X17 

B10 W-Wide Flange: W10X17 1 11.08 0.35 W10X17 

B10 W-Wide Flange: W27X84 1 18.83 2.99 W27X84 

B10 W-Wide Flange: W27X84 1 18.83 2.99 W27X84 

B10 W-Wide Flange: W27X84 1 18.83 2.98 W27X84 

B10 W-Wide Flange: W21X62 1 38.5 4.71 W21X62 

B10 W-Wide Flange: W18X40 1 33 2.6 W18X40 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.34 W16X26 

B10 W-Wide Flange: W21X57 1 38.5 4.26 W21X57 

B10 W-Wide Flange: W27X129 1 18.67 4.55 W27X129 

B10 W-Wide Flange: W27X102 1 18.67 3.61 W27X102 

B10 W-Wide Flange: W27X102 1 18.67 3.6 W27X102 

B10 W-Wide Flange: W27X102 1 18.67 3.6 W27X102 

B10 W-Wide Flange: W27X84 1 18.67 2.97 W27X84 

B10 W-Wide Flange: W21X57 1 38.5 4.34 W21X57 

B10 W-Wide Flange: W18X40 1 33 2.61 W18X40 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.33 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.3 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.36 W16X26 
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B10 W-Wide Flange: W21X62 1 27.5 3.26 W21X62 

B10 W-Wide Flange: W21X62 1 27.5 3.26 W21X62 

B10 W-Wide Flange: W21X62 1 38.5 4.72 W21X62 

B10 W-Wide Flange: W21X62 1 38.5 4.72 W21X62 

B10 W-Wide Flange: W27X102 1 34.5 6.81 W27X102 

B10 W-Wide Flange: W14X22 1 15.96 0.67 W14X22 

B10 W-Wide Flange: W14X22 1 25.5 1.11 W14X22 

B10 W-Wide Flange: W8X10 1 3.33 0.06 W8X10 

B10 W-Wide Flange: W12X19 1 13 0.47 W12X19 

B10 W-Wide Flange: W8X10 1 5.33 0.1 W8X10 

B10 W-Wide Flange: W12X19 1 13 0.47 W12X19 

B10 W-Wide Flange: W12X19 1 11.17 0.4 W12X19 

B10 W-Wide Flange: W12X19 1 11.17 0.4 W12X19 

B10 W-Wide Flange: W10X17 1 11.92 0.39 W10X17 

B10 HSS-Hollow Structural Section: HSS8X4X.3125 1 11.92 0.52 
HSS8X4X.312
5 

B10 W-Wide Flange: W21X55 1 38.5 4.12 W21X55 

B10 W-Wide Flange: W21X55 1 38.5 4.2 W21X55 

B10 W-Wide Flange: W21X62 1 38.5 4.71 W21X62 

B10 W-Wide Flange: W21X44 1 33 2.86 W21X44 

B10 W-Wide Flange: W18X40 1 33 2.61 W18X40 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.34 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.36 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.33 W16X26 

B10 W-Wide Flange: W27X84 1 18.83 3 W27X84 

B10 W-Wide Flange: W27X114 1 34.5 7.62 W27X114 

B10 W-Wide Flange: W21X62 1 27.5 3.26 W21X62 

B10 W-Wide Flange: W16X26 1 27.5 1.36 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.3 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.33 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.33 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.33 W16X26 

B10 W-Wide Flange: W27X102 1 34.5 6.81 W27X102 

B10 W-Wide Flange: W27X102 1 34.5 6.81 W27X102 

B10 W-Wide Flange: W27X84 1 34.5 5.62 W27X84 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W10X17 1 18.25 0.6 W10X17 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 
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B10 W-Wide Flange: W12X19 1 14.67 0.54 W12X19 

B10 W-Wide Flange: W27X94 1 18.83 3.35 W27X94 

B10 W-Wide Flange: W27X94 1 18.83 3.35 W27X94 

B10 W-Wide Flange: W27X94 1 18.83 3.35 W27X94 

B10 W-Wide Flange: W27X114 1 18.83 4.07 W27X114 

B10 W-Wide Flange: W16X26 1 27.5 1.42 W16X26 

B10 W-Wide Flange: W16X26 1 6 0.29 W16X26 

B10 W-Wide Flange: W21X44 1 33 2.86 W21X44 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.34 W16X26 

B10 W-Wide Flange: W27X84 1 18.67 2.97 W27X84 

B10 W-Wide Flange: W27X114 1 34.5 7.63 W27X114 

B10 W-Wide Flange: W24X84 1 18.83 2.98 W24X84 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.34 W16X26 

B10 W-Wide Flange: W16X57 1 28.33 3.16 W16X57 

B10 W-Wide Flange: W16X26 1 11.08 0.54 W16X26 

B10 W-Wide Flange: W14X22 1 18.83 0.81 W14X22 

B10 W-Wide Flange: W16X26 1 18.83 0.96 W16X26 

B10 W-Wide Flange: W16X26 1 21.42 1.02 W16X26 

B10 W-Wide Flange: W16X26 1 163.79 8.52 W16X26 

B10 W-Wide Flange: W16X31 1 108.79 6.73 W16X31 

B10 W-Wide Flange: W16X31 1 72 4.43 W16X31 

B10 W-Wide Flange: W16X36 1 27.5 1.96 W16X36 

B10 W-Wide Flange: W14X22 1 70.5 3.08 W14X22 

B10 W-Wide Flange: W14X22 1 27.52 1.19 W14X22 

B10 W-Wide Flange: W27X114 1 16.33 3.5 W27X114 

B10 W-Wide Flange: W21X44 1 33.72 2.92 W21X44 

B10 W-Wide Flange: W16X26 1 23.4 1.14 W16X26 

B10 W-Wide Flange: W18X35 1 33.33 2.3 W18X35 

B10 W-Wide Flange: W16X31 1 62.58 3.85 W16X31 

B10 W-Wide Flange: W16X31 1 62.58 3.85 W16X31 

B10 W-Wide Flange: W21X68 1 163.79 22.32 W21X68 

B10 W-Wide Flange: W21X68 1 33 4.34 W21X68 

B10 W-Wide Flange: W21X57 1 33 3.73 W21X57 

B10 W-Wide Flange: W16X31 1 21.88 1.32 W16X31 

B10 W-Wide Flange: W16X31 1 21.88 1.32 W16X31 

B10 W-Wide Flange: W10X17 1 12 0.39 W10X17 

B10 W-Wide Flange: W10X17 1 12 0.39 W10X17 

B10 W-Wide Flange: W10X17 1 21.42 0.71 W10X17 

B10 W-Wide Flange: W10X17 1 21.42 0.71 W10X17 

B10 W-Wide Flange: W16X26 1 16.42 0.8 W16X26 

B10 W-Wide Flange: W21X62 1 9.33 1.09 W21X62 

B10 W-Wide Flange: W14X22 1 18.67 0.78 W14X22 
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B10 W-Wide Flange: W14X22 1 18.67 0.77 W14X22 

B10 W-Wide Flange: W14X22 1 53.33 2.31 W14X22 

B10 W-Wide Flange: W14X22 1 53.33 2.31 W14X22 

B10 W-Wide Flange: W14X22 1 72 3.14 W14X22 

B10 W-Wide Flange: W21X68 1 9.33 1.2 W21X68 

B10 W-Wide Flange: W14X22 1 3.25 0.12 W14X22 

B10 W-Wide Flange: W14X22 1 3.25 0.12 W14X22 

B10 W-Wide Flange: W14X22 1 36.42 1.59 W14X22 

B10 W-Wide Flange: W21X68 1 33 4.34 W21X68 

B10 W-Wide Flange: W21X68 1 33 4.34 W21X68 

B10 W-Wide Flange: W21X50 1 34.5 3.39 W21X50 

B10 W-Wide Flange: W21X50 1 34.5 3.39 W21X50 

B10 W-Wide Flange: W10X17 1 9.92 0.32 W10X17 

B10 W-Wide Flange: W10X17 1 9.92 0.32 W10X17 

B10 W-Wide Flange: W10X17 1 9.92 0.32 W10X17 

B10 W-Wide Flange: W10X17 1 11.92 0.39 W10X17 

B10 W-Wide Flange: W10X17 1 9.33 0.3 W10X17 

B10 W-Wide Flange: W14X22 1 9.33 0.35 W14X22 

B10 W-Wide Flange: W10X17 1 9.33 0.3 W10X17 

B10 W-Wide Flange: W14X22 1 9.33 0.35 W14X22 

B10 W-Wide Flange: W14X22 1 9.33 0.39 W14X22 

B10 W-Wide Flange: W14X22 1 9.33 0.39 W14X22 

B10 W-Wide Flange: W14X22 1 9.33 0.39 W14X22 

B10 W-Wide Flange: W14X22 1 3.25 0.12 W14X22 

B10 W-Wide Flange: W14X22 1 3.25 0.12 W14X22 

B10 W-Wide Flange: W14X22 1 3.25 0.12 W14X22 

B10 W-Wide Flange: W12X19 1 6 0.2 W12X19 

B10 W-Wide Flange: W27X129 1 18.67 4.56 W27X129 

B10 W-Wide Flange: W27X102 1 18.67 3.6 W27X102 

B10 W-Wide Flange: W27X94 1 18.67 3.31 W27X94 

B10 W-Wide Flange: W27X94 1 18.67 3.31 W27X94 

B10 W-Wide Flange: W27X94 1 18.67 3.31 W27X94 

B10 W-Wide Flange: W27X94 1 18.67 3.32 W27X94 

B10 W-Wide Flange: W27X94 1 18.67 3.32 W27X94 

B10 W-Wide Flange: W24X84 1 18.67 2.97 W24X84 

B10 W-Wide Flange: W16X26 1 163.79 8.53 W16X26 

B10 W-Wide Flange: W18X40 1 33 2.62 W18X40 

B10 W-Wide Flange: W16X26 1 26.29 1.3 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.36 W16X26 

B10 W-Wide Flange: W21X68 1 82.5 11.15 W21X68 

B10 W-Wide Flange: W16X26 1 27.5 1.36 W16X26 

B10 W-Wide Flange: W18X40 1 33 2.55 W18X40 

B10 W-Wide Flange: W27X114 1 34.5 7.63 W27X114 

B10 W-Wide Flange: W27X114 1 34.5 7.63 W27X114 

B10 W-Wide Flange: W27X114 1 34.5 7.62 W27X114 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 
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B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.41 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.41 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.41 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.41 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.41 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.41 W16X26 

B10 W-Wide Flange: W12X19 1 15.67 0.58 W12X19 

B10 W-Wide Flange: W10X17 1 17.04 0.56 W10X17 

B10 W-Wide Flange: W16X26 1 26.29 1.33 W16X26 

B10 W-Wide Flange: W16X31 1 26.29 1.58 W16X31 

B10 W-Wide Flange: W16X26 1 26.29 1.33 W16X26 

B10 W-Wide Flange: W12X19 1 15.67 0.57 W12X19 

B10 W-Wide Flange: W10X17 1 18.25 0.6 W10X17 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W18X35 1 33 2.29 W18X35 

B10 W-Wide Flange: W18X35 1 28 1.9 W18X35 

B10 W-Wide Flange: W10X17 1 16.42 0.53 W10X17 

B10 W-Wide Flange: W10X17 1 16.42 0.54 W10X17 

B10 W-Wide Flange: W10X17 1 16.42 0.54 W10X17 

B10 W-Wide Flange: W10X17 1 11.08 0.35 W10X17 

B10 W-Wide Flange: W27X84 1 18.83 2.99 W27X84 

B10 W-Wide Flange: W27X84 1 18.83 2.99 W27X84 

B10 W-Wide Flange: W27X84 1 18.83 2.98 W27X84 

B10 W-Wide Flange: W21X62 1 38.5 4.71 W21X62 

B10 W-Wide Flange: W18X40 1 33 2.6 W18X40 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.34 W16X26 

B10 W-Wide Flange: W21X57 1 38.5 4.26 W21X57 

B10 W-Wide Flange: W27X129 1 18.67 4.55 W27X129 

B10 W-Wide Flange: W27X102 1 18.67 3.61 W27X102 

B10 W-Wide Flange: W27X102 1 18.67 3.6 W27X102 

B10 W-Wide Flange: W27X102 1 18.67 3.6 W27X102 

B10 W-Wide Flange: W27X84 1 18.67 2.97 W27X84 

B10 W-Wide Flange: W21X57 1 38.5 4.34 W21X57 

B10 W-Wide Flange: W18X40 1 33 2.61 W18X40 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.33 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.3 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.36 W16X26 

B10 W-Wide Flange: W21X62 1 27.5 3.26 W21X62 

B10 W-Wide Flange: W21X62 1 27.5 3.26 W21X62 

B10 W-Wide Flange: W21X62 1 38.5 4.72 W21X62 

B10 W-Wide Flange: W21X62 1 38.5 4.72 W21X62 
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B10 W-Wide Flange: W27X102 1 34.5 6.81 W27X102 

B10 W-Wide Flange: W14X22 1 15.96 0.67 W14X22 

B10 W-Wide Flange: W14X22 1 25.5 1.11 W14X22 

B10 W-Wide Flange: W8X10 1 3.33 0.06 W8X10 

B10 W-Wide Flange: W12X19 1 13 0.47 W12X19 

B10 W-Wide Flange: W8X10 1 5.33 0.1 W8X10 

B10 W-Wide Flange: W12X19 1 13 0.47 W12X19 

B10 W-Wide Flange: W12X19 1 11.17 0.4 W12X19 

B10 W-Wide Flange: W12X19 1 11.17 0.4 W12X19 

B10 W-Wide Flange: W10X17 1 11.92 0.39 W10X17 

B10 HSS-Hollow Structural Section: HSS8X4X.3125 1 11.92 0.52 
HSS8X4X.312
5 

B10 W-Wide Flange: W21X55 1 38.5 4.12 W21X55 

B10 W-Wide Flange: W21X55 1 38.5 4.2 W21X55 

B10 W-Wide Flange: W21X62 1 38.5 4.71 W21X62 

B10 W-Wide Flange: W21X44 1 33 2.86 W21X44 

B10 W-Wide Flange: W18X40 1 33 2.61 W18X40 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.34 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.36 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.33 W16X26 

B10 W-Wide Flange: W27X84 1 18.83 3 W27X84 

B10 W-Wide Flange: W27X114 1 34.5 7.62 W27X114 

B10 W-Wide Flange: W21X62 1 27.5 3.26 W21X62 

B10 W-Wide Flange: W16X26 1 27.5 1.36 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.3 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.33 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.33 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.33 W16X26 

B10 W-Wide Flange: W27X102 1 34.5 6.81 W27X102 

B10 W-Wide Flange: W27X102 1 34.5 6.81 W27X102 

B10 W-Wide Flange: W27X84 1 34.5 5.62 W27X84 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W10X17 1 18.25 0.6 W10X17 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W12X19 1 14.67 0.54 W12X19 

B10 W-Wide Flange: W27X94 1 18.83 3.35 W27X94 

B10 W-Wide Flange: W27X94 1 18.83 3.35 W27X94 

B10 W-Wide Flange: W27X94 1 18.83 3.35 W27X94 
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B10 W-Wide Flange: W27X114 1 18.83 4.07 W27X114 

B10 W-Wide Flange: W16X26 1 27.5 1.42 W16X26 

B10 W-Wide Flange: W16X26 1 6 0.29 W16X26 

B10 W-Wide Flange: W21X44 1 33 2.86 W21X44 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.34 W16X26 

B10 W-Wide Flange: W27X84 1 18.67 2.97 W27X84 

B10 W-Wide Flange: W27X114 1 34.5 7.63 W27X114 

B10 W-Wide Flange: W24X84 1 18.83 2.98 W24X84 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.34 W16X26 

B10 W-Wide Flange: W16X57 1 28.33 3.16 W16X57 

B10 W-Wide Flange: W16X26 1 11.08 0.54 W16X26 

B10 W-Wide Flange: W14X22 1 18.83 0.81 W14X22 

B10 W-Wide Flange: W16X26 1 18.83 0.96 W16X26 

B10 W-Wide Flange: W16X26 1 21.42 1.02 W16X26 

B10 W-Wide Flange: W16X26 1 163.79 8.52 W16X26 

B10 W-Wide Flange: W16X31 1 108.79 6.73 W16X31 

B10 W-Wide Flange: W16X31 1 72 4.43 W16X31 

B10 W-Wide Flange: W16X36 1 27.5 1.96 W16X36 

B10 W-Wide Flange: W14X22 1 70.5 3.08 W14X22 

B10 W-Wide Flange: W14X22 1 27.52 1.19 W14X22 

B10 W-Wide Flange: W27X114 1 16.33 3.5 W27X114 

B10 W-Wide Flange: W21X44 1 33.72 2.92 W21X44 

B10 W-Wide Flange: W16X26 1 23.4 1.14 W16X26 

B10 W-Wide Flange: W18X35 1 33.33 2.3 W18X35 

B10 W-Wide Flange: W16X31 1 62.58 3.85 W16X31 

B10 W-Wide Flange: W16X31 1 62.58 3.85 W16X31 

B10 W-Wide Flange: W21X68 1 163.79 22.32 W21X68 

B10 W-Wide Flange: W21X68 1 33 4.34 W21X68 

B10 W-Wide Flange: W21X57 1 33 3.73 W21X57 

B10 W-Wide Flange: W16X31 1 21.88 1.32 W16X31 

B10 W-Wide Flange: W16X31 1 21.88 1.32 W16X31 

B10 W-Wide Flange: W10X17 1 12 0.39 W10X17 

B10 W-Wide Flange: W10X17 1 12 0.39 W10X17 

B10 W-Wide Flange: W10X17 1 21.42 0.71 W10X17 

B10 W-Wide Flange: W10X17 1 21.42 0.71 W10X17 

B10 W-Wide Flange: W16X26 1 16.42 0.8 W16X26 

B10 W-Wide Flange: W21X62 1 9.33 1.09 W21X62 

B10 W-Wide Flange: W14X22 1 18.67 0.78 W14X22 

B10 W-Wide Flange: W14X22 1 18.67 0.77 W14X22 

B10 W-Wide Flange: W14X22 1 53.33 2.31 W14X22 

B10 W-Wide Flange: W14X22 1 53.33 2.31 W14X22 

B10 W-Wide Flange: W14X22 1 72 3.14 W14X22 
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B10 W-Wide Flange: W21X68 1 9.33 1.2 W21X68 

B10 W-Wide Flange: W14X22 1 3.25 0.12 W14X22 

B10 W-Wide Flange: W14X22 1 3.25 0.12 W14X22 

B10 W-Wide Flange: W14X22 1 36.42 1.59 W14X22 

B10 W-Wide Flange: W21X68 1 33 4.34 W21X68 

B10 W-Wide Flange: W21X68 1 33 4.34 W21X68 

B10 W-Wide Flange: W21X50 1 34.5 3.39 W21X50 

B10 W-Wide Flange: W21X50 1 34.5 3.39 W21X50 

B10 W-Wide Flange: W10X17 1 9.92 0.32 W10X17 

B10 W-Wide Flange: W10X17 1 9.92 0.32 W10X17 

B10 W-Wide Flange: W10X17 1 9.92 0.32 W10X17 

B10 W-Wide Flange: W10X17 1 11.92 0.39 W10X17 

B10 W-Wide Flange: W10X17 1 9.33 0.3 W10X17 

B10 W-Wide Flange: W14X22 1 9.33 0.35 W14X22 

B10 W-Wide Flange: W10X17 1 9.33 0.3 W10X17 

B10 W-Wide Flange: W14X22 1 9.33 0.35 W14X22 

B10 W-Wide Flange: W14X22 1 9.33 0.39 W14X22 

B10 W-Wide Flange: W14X22 1 9.33 0.39 W14X22 

B10 W-Wide Flange: W14X22 1 9.33 0.39 W14X22 

B10 W-Wide Flange: W14X22 1 3.25 0.12 W14X22 

B10 W-Wide Flange: W14X22 1 3.25 0.12 W14X22 

B10 W-Wide Flange: W14X22 1 3.25 0.12 W14X22 

B10 W-Wide Flange: W12X19 1 6 0.2 W12X19 

B10 W-Wide Flange: W27X129 1 18.67 4.56 W27X129 

B10 W-Wide Flange: W27X102 1 18.67 3.6 W27X102 

B10 W-Wide Flange: W27X94 1 18.67 3.31 W27X94 

B10 W-Wide Flange: W27X94 1 18.67 3.31 W27X94 

B10 W-Wide Flange: W27X94 1 18.67 3.31 W27X94 

B10 W-Wide Flange: W27X94 1 18.67 3.32 W27X94 

B10 W-Wide Flange: W27X94 1 18.67 3.32 W27X94 

B10 W-Wide Flange: W24X84 1 18.67 2.97 W24X84 

B10 W-Wide Flange: W16X26 1 163.79 8.53 W16X26 

B10 W-Wide Flange: W18X40 1 33 2.62 W18X40 

B10 W-Wide Flange: W16X26 1 26.29 1.3 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.36 W16X26 

B10 W-Wide Flange: W21X68 1 82.5 11.15 W21X68 

B10 W-Wide Flange: W16X26 1 27.5 1.36 W16X26 

B10 W-Wide Flange: W18X40 1 33 2.55 W18X40 

B10 W-Wide Flange: W27X114 1 34.5 7.63 W27X114 

B10 W-Wide Flange: W27X114 1 34.5 7.63 W27X114 

B10 W-Wide Flange: W27X114 1 34.5 7.62 W27X114 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.41 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.41 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.41 W16X26 



The University of Massachusetts Advanced Center for Clinical Education and Science (ACCES) 
 

 Page 189 
 

B10 W-Wide Flange: W16X26 1 27.5 1.41 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.41 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.41 W16X26 

B10 W-Wide Flange: W12X19 1 15.67 0.58 W12X19 

B10 W-Wide Flange: W10X17 1 17.04 0.56 W10X17 

B10 W-Wide Flange: W16X26 1 26.29 1.33 W16X26 

B10 W-Wide Flange: W16X31 1 26.29 1.58 W16X31 

B10 W-Wide Flange: W16X26 1 26.29 1.33 W16X26 

B10 W-Wide Flange: W12X19 1 15.67 0.57 W12X19 

B10 W-Wide Flange: W10X17 1 18.25 0.6 W10X17 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W18X35 1 33 2.29 W18X35 

B10 W-Wide Flange: W18X35 1 28 1.9 W18X35 

B10 W-Wide Flange: W10X17 1 16.42 0.53 W10X17 

B10 W-Wide Flange: W10X17 1 16.42 0.54 W10X17 

B10 W-Wide Flange: W10X17 1 16.42 0.54 W10X17 

B10 W-Wide Flange: W10X17 1 11.08 0.35 W10X17 

B10 W-Wide Flange: W27X84 1 18.83 2.99 W27X84 

B10 W-Wide Flange: W27X84 1 18.83 2.99 W27X84 

B10 W-Wide Flange: W27X84 1 18.83 2.98 W27X84 

B10 W-Wide Flange: W21X62 1 38.5 4.71 W21X62 

B10 W-Wide Flange: W18X40 1 33 2.6 W18X40 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.34 W16X26 

B10 W-Wide Flange: W21X57 1 38.5 4.26 W21X57 

B10 W-Wide Flange: W27X129 1 18.67 4.55 W27X129 

B10 W-Wide Flange: W27X102 1 18.67 3.61 W27X102 

B10 W-Wide Flange: W27X102 1 18.67 3.6 W27X102 

B10 W-Wide Flange: W27X102 1 18.67 3.6 W27X102 

B10 W-Wide Flange: W27X84 1 18.67 2.97 W27X84 

B10 W-Wide Flange: W21X57 1 38.5 4.34 W21X57 

B10 W-Wide Flange: W18X40 1 33 2.61 W18X40 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.33 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.3 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.36 W16X26 

B10 W-Wide Flange: W21X62 1 27.5 3.26 W21X62 

B10 W-Wide Flange: W21X62 1 27.5 3.26 W21X62 

B10 W-Wide Flange: W21X62 1 38.5 4.72 W21X62 

B10 W-Wide Flange: W21X62 1 38.5 4.72 W21X62 

B10 W-Wide Flange: W27X102 1 34.5 6.81 W27X102 

B10 W-Wide Flange: W14X22 1 15.96 0.67 W14X22 

B10 W-Wide Flange: W14X22 1 25.5 1.11 W14X22 

B10 W-Wide Flange: W8X10 1 3.33 0.06 W8X10 
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B10 W-Wide Flange: W12X19 1 13 0.47 W12X19 

B10 W-Wide Flange: W8X10 1 5.33 0.1 W8X10 

B10 W-Wide Flange: W12X19 1 13 0.47 W12X19 

B10 W-Wide Flange: W12X19 1 11.17 0.4 W12X19 

B10 W-Wide Flange: W12X19 1 11.17 0.4 W12X19 

B10 W-Wide Flange: W10X17 1 11.92 0.39 W10X17 

B10 HSS-Hollow Structural Section: HSS8X4X.3125 1 11.92 0.52 
HSS8X4X.312
5 

B10 W-Wide Flange: W21X55 1 38.5 4.12 W21X55 

B10 W-Wide Flange: W21X55 1 38.5 4.2 W21X55 

B10 W-Wide Flange: W21X62 1 38.5 4.71 W21X62 

B10 W-Wide Flange: W21X44 1 33 2.86 W21X44 

B10 W-Wide Flange: W18X40 1 33 2.61 W18X40 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.34 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.36 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.33 W16X26 

B10 W-Wide Flange: W27X84 1 18.83 3 W27X84 

B10 W-Wide Flange: W27X114 1 34.5 7.62 W27X114 

B10 W-Wide Flange: W21X62 1 27.5 3.26 W21X62 

B10 W-Wide Flange: W16X26 1 27.5 1.36 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.3 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.33 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.33 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.33 W16X26 

B10 W-Wide Flange: W27X102 1 34.5 6.81 W27X102 

B10 W-Wide Flange: W27X102 1 34.5 6.81 W27X102 

B10 W-Wide Flange: W27X84 1 34.5 5.62 W27X84 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W10X17 1 18.25 0.6 W10X17 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W12X19 1 14.67 0.54 W12X19 

B10 W-Wide Flange: W27X94 1 18.83 3.35 W27X94 

B10 W-Wide Flange: W27X94 1 18.83 3.35 W27X94 

B10 W-Wide Flange: W27X94 1 18.83 3.35 W27X94 

B10 W-Wide Flange: W27X114 1 18.83 4.07 W27X114 

B10 W-Wide Flange: W16X26 1 27.5 1.42 W16X26 

B10 W-Wide Flange: W16X26 1 6 0.29 W16X26 

B10 W-Wide Flange: W21X44 1 33 2.86 W21X44 
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B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.34 W16X26 

B10 W-Wide Flange: W27X84 1 18.67 2.99 W27X84 

B10 W-Wide Flange: W27X114 1 34.5 7.67 W27X114 

B10 W-Wide Flange: W24X84 1 18.83 3.01 W24X84 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.34 W16X26 

B10 W-Wide Flange: W16X57 1 28.33 3.16 W16X57 

B10 W-Wide Flange: W16X26 1 11.08 0.54 W16X26 

B10 W-Wide Flange: W14X22 1 18.83 0.81 W14X22 

B10 W-Wide Flange: W16X26 1 18.83 0.96 W16X26 

B10 W-Wide Flange: W16X26 1 21.42 1.03 W16X26 

B10 W-Wide Flange: W16X26 1 163.79 8.52 W16X26 

B10 W-Wide Flange: W16X31 1 108.79 6.74 W16X31 

B10 W-Wide Flange: W16X31 1 72 4.43 W16X31 

B10 W-Wide Flange: W16X36 1 27.5 1.96 W16X36 

B10 W-Wide Flange: W14X22 1 70.5 3.08 W14X22 

B10 W-Wide Flange: W14X22 1 27.52 1.19 W14X22 

B10 W-Wide Flange: W27X114 1 16.33 3.53 W27X114 

B10 W-Wide Flange: W21X44 1 33.72 2.92 W21X44 

B10 W-Wide Flange: W16X26 1 23.4 1.14 W16X26 

B10 W-Wide Flange: W18X35 1 33.33 2.3 W18X35 

B10 W-Wide Flange: W16X31 1 62.58 3.85 W16X31 

B10 W-Wide Flange: W16X31 1 62.58 3.85 W16X31 

B10 W-Wide Flange: W21X68 1 163.79 22.34 W21X68 

B10 W-Wide Flange: W21X68 1 33 4.36 W21X68 

B10 W-Wide Flange: W21X57 1 33 3.73 W21X57 

B10 W-Wide Flange: W16X31 1 21.88 1.32 W16X31 

B10 W-Wide Flange: W16X31 1 21.88 1.32 W16X31 

B10 W-Wide Flange: W10X17 1 12 0.39 W10X17 

B10 W-Wide Flange: W10X17 1 12 0.39 W10X17 

B10 W-Wide Flange: W10X17 1 21.42 0.71 W10X17 

B10 W-Wide Flange: W10X17 1 21.42 0.71 W10X17 

B10 W-Wide Flange: W16X26 1 16.42 0.8 W16X26 

B10 W-Wide Flange: W21X62 1 9.33 1.09 W21X62 

B10 W-Wide Flange: W14X22 1 18.67 0.78 W14X22 

B10 W-Wide Flange: W14X22 1 18.67 0.78 W14X22 

B10 W-Wide Flange: W14X22 1 53.33 2.31 W14X22 

B10 W-Wide Flange: W14X22 1 53.33 2.31 W14X22 

B10 W-Wide Flange: W14X22 1 72 3.15 W14X22 

B10 W-Wide Flange: W21X68 1 9.33 1.2 W21X68 

B10 W-Wide Flange: W14X22 1 3.25 0.12 W14X22 

B10 W-Wide Flange: W14X22 1 3.25 0.12 W14X22 

B10 W-Wide Flange: W14X22 1 36.42 1.59 W14X22 
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B10 W-Wide Flange: W21X68 1 33 4.35 W21X68 

B10 W-Wide Flange: W21X68 1 33 4.36 W21X68 

B10 W-Wide Flange: W21X50 1 34.5 3.39 W21X50 

B10 W-Wide Flange: W21X50 1 34.5 3.39 W21X50 

B10 W-Wide Flange: W10X17 1 9.92 0.32 W10X17 

B10 W-Wide Flange: W10X17 1 9.92 0.32 W10X17 

B10 W-Wide Flange: W10X17 1 9.92 0.32 W10X17 

B10 W-Wide Flange: W10X17 1 11.92 0.39 W10X17 

B10 W-Wide Flange: W10X17 1 9.33 0.3 W10X17 

B10 W-Wide Flange: W14X22 1 9.33 0.36 W14X22 

B10 W-Wide Flange: W10X17 1 9.33 0.3 W10X17 

B10 W-Wide Flange: W14X22 1 9.33 0.36 W14X22 

B10 W-Wide Flange: W14X22 1 9.33 0.39 W14X22 

B10 W-Wide Flange: W14X22 1 9.33 0.39 W14X22 

B10 W-Wide Flange: W14X22 1 9.33 0.39 W14X22 

B10 W-Wide Flange: W14X22 1 3.25 0.12 W14X22 

B10 W-Wide Flange: W14X22 1 3.25 0.12 W14X22 

B10 W-Wide Flange: W14X22 1 3.25 0.12 W14X22 

B10 W-Wide Flange: W12X19 1 6 0.2 W12X19 

B10 W-Wide Flange: W27X129 1 18.67 4.58 W27X129 

B10 W-Wide Flange: W27X102 1 18.67 3.62 W27X102 

B10 W-Wide Flange: W27X94 1 18.67 3.33 W27X94 

B10 W-Wide Flange: W27X94 1 18.67 3.33 W27X94 

B10 W-Wide Flange: W27X94 1 18.67 3.33 W27X94 

B10 W-Wide Flange: W27X94 1 18.67 3.33 W27X94 

B10 W-Wide Flange: W27X94 1 18.67 3.33 W27X94 

B10 W-Wide Flange: W24X84 1 18.67 2.98 W24X84 

B10 W-Wide Flange: W16X26 1 163.79 8.53 W16X26 

B10 W-Wide Flange: W18X40 1 33 2.62 W18X40 

B10 W-Wide Flange: W16X26 1 26.29 1.31 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.37 W16X26 

B10 W-Wide Flange: W21X68 1 82.5 11.16 W21X68 

B10 W-Wide Flange: W16X26 1 27.5 1.37 W16X26 

B10 W-Wide Flange: W18X40 1 33 2.56 W18X40 

B10 W-Wide Flange: W27X114 1 34.5 7.67 W27X114 

B10 W-Wide Flange: W27X114 1 34.5 7.67 W27X114 

B10 W-Wide Flange: W27X114 1 34.5 7.66 W27X114 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.41 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.41 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.41 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.41 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.41 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.41 W16X26 

B10 W-Wide Flange: W12X19 1 15.67 0.58 W12X19 
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B10 W-Wide Flange: W10X17 1 17.04 0.56 W10X17 

B10 W-Wide Flange: W16X26 1 26.29 1.33 W16X26 

B10 W-Wide Flange: W16X31 1 26.29 1.58 W16X31 

B10 W-Wide Flange: W16X26 1 26.29 1.33 W16X26 

B10 W-Wide Flange: W12X19 1 15.67 0.57 W12X19 

B10 W-Wide Flange: W10X17 1 18.25 0.6 W10X17 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W18X35 1 33 2.29 W18X35 

B10 W-Wide Flange: W18X35 1 28 1.9 W18X35 

B10 W-Wide Flange: W10X17 1 16.42 0.53 W10X17 

B10 W-Wide Flange: W10X17 1 16.42 0.54 W10X17 

B10 W-Wide Flange: W10X17 1 16.42 0.54 W10X17 

B10 W-Wide Flange: W10X17 1 11.08 0.35 W10X17 

B10 W-Wide Flange: W27X84 1 18.83 3.02 W27X84 

B10 W-Wide Flange: W27X84 1 18.83 3.02 W27X84 

B10 W-Wide Flange: W27X84 1 18.83 3.01 W27X84 

B10 W-Wide Flange: W21X62 1 38.5 4.71 W21X62 

B10 W-Wide Flange: W18X40 1 33 2.6 W18X40 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.34 W16X26 

B10 W-Wide Flange: W21X57 1 38.5 4.27 W21X57 

B10 W-Wide Flange: W27X129 1 18.67 4.58 W27X129 

B10 W-Wide Flange: W27X102 1 18.67 3.62 W27X102 

B10 W-Wide Flange: W27X102 1 18.67 3.62 W27X102 

B10 W-Wide Flange: W27X102 1 18.67 3.62 W27X102 

B10 W-Wide Flange: W27X84 1 18.67 2.99 W27X84 

B10 W-Wide Flange: W21X57 1 38.5 4.34 W21X57 

B10 W-Wide Flange: W18X40 1 33 2.61 W18X40 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.33 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.31 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.37 W16X26 

B10 W-Wide Flange: W21X62 1 27.5 3.27 W21X62 

B10 W-Wide Flange: W21X62 1 27.5 3.27 W21X62 

B10 W-Wide Flange: W21X62 1 38.5 4.72 W21X62 

B10 W-Wide Flange: W21X62 1 38.5 4.72 W21X62 

B10 W-Wide Flange: W27X102 1 34.5 6.85 W27X102 

B10 W-Wide Flange: W14X22 1 15.96 0.67 W14X22 

B10 W-Wide Flange: W14X22 1 25.5 1.11 W14X22 

B10 W-Wide Flange: W8X10 1 3.33 0.06 W8X10 

B10 W-Wide Flange: W12X19 1 13 0.47 W12X19 

B10 W-Wide Flange: W8X10 1 5.33 0.1 W8X10 

B10 W-Wide Flange: W12X19 1 13 0.47 W12X19 

B10 W-Wide Flange: W12X19 1 11.17 0.4 W12X19 
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B10 W-Wide Flange: W12X19 1 11.17 0.4 W12X19 

B10 W-Wide Flange: W10X17 1 11.92 0.39 W10X17 

B10 HSS-Hollow Structural Section: HSS8X4X.3125 1 11.92 0.52 
HSS8X4X.312
5 

B10 W-Wide Flange: W21X55 1 38.5 4.14 W21X55 

B10 W-Wide Flange: W21X55 1 38.5 4.2 W21X55 

B10 W-Wide Flange: W21X62 1 38.5 4.71 W21X62 

B10 W-Wide Flange: W21X44 1 33 2.86 W21X44 

B10 W-Wide Flange: W18X40 1 33 2.61 W18X40 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.34 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.37 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.33 W16X26 

B10 W-Wide Flange: W27X84 1 18.83 3.02 W27X84 

B10 W-Wide Flange: W27X114 1 34.5 7.66 W27X114 

B10 W-Wide Flange: W21X62 1 27.5 3.27 W21X62 

B10 W-Wide Flange: W16X26 1 27.5 1.37 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.31 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.33 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.33 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.33 W16X26 

B10 W-Wide Flange: W27X102 1 34.5 6.85 W27X102 

B10 W-Wide Flange: W27X102 1 34.5 6.85 W27X102 

B10 W-Wide Flange: W27X84 1 34.5 5.65 W27X84 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W10X17 1 18.25 0.6 W10X17 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W12X19 1 14.67 0.54 W12X19 

B10 W-Wide Flange: W27X94 1 18.83 3.36 W27X94 

B10 W-Wide Flange: W27X94 1 18.83 3.37 W27X94 

B10 W-Wide Flange: W27X94 1 18.83 3.37 W27X94 

B10 W-Wide Flange: W27X114 1 18.83 4.09 W27X114 

B10 W-Wide Flange: W16X26 1 27.5 1.42 W16X26 

B10 W-Wide Flange: W16X26 1 6 0.29 W16X26 

B10 W-Wide Flange: W21X44 1 33 2.86 W21X44 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 
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B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.34 W16X26 

B10 W-Wide Flange: W27X84 1 18.67 2.99 W27X84 

B10 W-Wide Flange: W27X114 1 34.5 7.67 W27X114 

B10 W-Wide Flange: W24X84 1 18.83 3.01 W24X84 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.34 W16X26 

B10 W-Wide Flange: W16X57 1 28.33 3.16 W16X57 

B10 W-Wide Flange: W16X26 1 11.08 0.54 W16X26 

B10 W-Wide Flange: W14X22 1 18.83 0.81 W14X22 

B10 W-Wide Flange: W16X26 1 18.83 0.96 W16X26 

B10 W-Wide Flange: W16X26 1 21.42 1.03 W16X26 

B10 W-Wide Flange: W16X26 1 163.79 8.52 W16X26 

B10 W-Wide Flange: W16X31 1 108.79 6.74 W16X31 

B10 W-Wide Flange: W16X31 1 72 4.43 W16X31 

B10 W-Wide Flange: W16X36 1 27.5 1.96 W16X36 

B10 W-Wide Flange: W14X22 1 70.5 3.08 W14X22 

B10 W-Wide Flange: W14X22 1 27.52 1.19 W14X22 

B10 W-Wide Flange: W27X114 1 16.33 3.53 W27X114 

B10 W-Wide Flange: W21X44 1 33.72 2.92 W21X44 

B10 W-Wide Flange: W16X26 1 23.4 1.14 W16X26 

B10 W-Wide Flange: W18X35 1 33.33 2.3 W18X35 

B10 W-Wide Flange: W16X31 1 62.58 3.85 W16X31 

B10 W-Wide Flange: W16X31 1 62.58 3.85 W16X31 

B10 W-Wide Flange: W21X68 1 163.79 22.34 W21X68 

B10 W-Wide Flange: W21X68 1 33 4.36 W21X68 

B10 W-Wide Flange: W21X57 1 33 3.73 W21X57 

B10 W-Wide Flange: W16X31 1 21.88 1.32 W16X31 

B10 W-Wide Flange: W16X31 1 21.88 1.32 W16X31 

B10 W-Wide Flange: W10X17 1 12 0.39 W10X17 

B10 W-Wide Flange: W10X17 1 12 0.39 W10X17 

B10 W-Wide Flange: W10X17 1 21.42 0.71 W10X17 

B10 W-Wide Flange: W10X17 1 21.42 0.71 W10X17 

B10 W-Wide Flange: W16X26 1 16.42 0.8 W16X26 

B10 W-Wide Flange: W21X62 1 9.33 1.09 W21X62 

B10 W-Wide Flange: W14X22 1 18.67 0.78 W14X22 

B10 W-Wide Flange: W14X22 1 18.67 0.78 W14X22 

B10 W-Wide Flange: W14X22 1 53.33 2.31 W14X22 

B10 W-Wide Flange: W14X22 1 53.33 2.31 W14X22 

B10 W-Wide Flange: W14X22 1 72 3.13 W14X22 

B10 W-Wide Flange: W21X68 1 9.33 1.2 W21X68 

B10 W-Wide Flange: W14X22 1 3.25 0.12 W14X22 

B10 W-Wide Flange: W14X22 1 3.25 0.12 W14X22 

B10 W-Wide Flange: W14X22 1 36.42 1.59 W14X22 

B10 W-Wide Flange: W21X68 1 33 4.35 W21X68 

B10 W-Wide Flange: W21X68 1 33 4.36 W21X68 

B10 W-Wide Flange: W21X50 1 34.5 3.39 W21X50 

B10 W-Wide Flange: W21X50 1 34.5 3.39 W21X50 
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B10 W-Wide Flange: W10X17 1 9.92 0.32 W10X17 

B10 W-Wide Flange: W10X17 1 9.92 0.32 W10X17 

B10 W-Wide Flange: W10X17 1 9.92 0.32 W10X17 

B10 W-Wide Flange: W10X17 1 11.92 0.39 W10X17 

B10 W-Wide Flange: W10X17 1 9.33 0.3 W10X17 

B10 W-Wide Flange: W14X22 1 9.33 0.36 W14X22 

B10 W-Wide Flange: W10X17 1 9.33 0.3 W10X17 

B10 W-Wide Flange: W14X22 1 9.33 0.36 W14X22 

B10 W-Wide Flange: W14X22 1 9.33 0.39 W14X22 

B10 W-Wide Flange: W14X22 1 9.33 0.39 W14X22 

B10 W-Wide Flange: W14X22 1 9.33 0.39 W14X22 

B10 W-Wide Flange: W14X22 1 3.25 0.12 W14X22 

B10 W-Wide Flange: W14X22 1 3.25 0.12 W14X22 

B10 W-Wide Flange: W14X22 1 3.25 0.12 W14X22 

B10 W-Wide Flange: W12X19 1 6 0.2 W12X19 

B10 W-Wide Flange: W27X129 1 18.67 4.58 W27X129 

B10 W-Wide Flange: W27X102 1 18.67 3.62 W27X102 

B10 W-Wide Flange: W27X94 1 18.67 3.33 W27X94 

B10 W-Wide Flange: W27X94 1 18.67 3.33 W27X94 

B10 W-Wide Flange: W27X94 1 18.67 3.33 W27X94 

B10 W-Wide Flange: W27X94 1 18.67 3.33 W27X94 

B10 W-Wide Flange: W27X94 1 18.67 3.33 W27X94 

B10 W-Wide Flange: W24X84 1 18.67 2.98 W24X84 

B10 W-Wide Flange: W16X26 1 163.79 8.53 W16X26 

B10 W-Wide Flange: W18X40 1 33 2.62 W18X40 

B10 W-Wide Flange: W16X26 1 26.29 1.31 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.37 W16X26 

B10 W-Wide Flange: W21X68 1 82.5 11.16 W21X68 

B10 W-Wide Flange: W16X26 1 27.5 1.37 W16X26 

B10 W-Wide Flange: W18X40 1 33 2.56 W18X40 

B10 W-Wide Flange: W27X114 1 34.5 7.67 W27X114 

B10 W-Wide Flange: W27X114 1 34.5 7.67 W27X114 

B10 W-Wide Flange: W27X114 1 34.5 7.66 W27X114 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.41 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.41 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.41 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.41 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.41 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.41 W16X26 

B10 W-Wide Flange: W12X19 1 15.67 0.58 W12X19 

B10 W-Wide Flange: W10X17 1 17.04 0.56 W10X17 

B10 W-Wide Flange: W16X26 1 26.29 1.33 W16X26 

B10 W-Wide Flange: W16X31 1 26.29 1.58 W16X31 

B10 W-Wide Flange: W16X26 1 26.29 1.33 W16X26 
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B10 W-Wide Flange: W12X19 1 15.67 0.57 W12X19 

B10 W-Wide Flange: W10X17 1 18.25 0.6 W10X17 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W18X35 1 33 2.29 W18X35 

B10 W-Wide Flange: W18X35 1 28 1.9 W18X35 

B10 W-Wide Flange: W10X17 1 16.42 0.53 W10X17 

B10 W-Wide Flange: W10X17 1 16.42 0.54 W10X17 

B10 W-Wide Flange: W10X17 1 16.42 0.54 W10X17 

B10 W-Wide Flange: W10X17 1 11.08 0.35 W10X17 

B10 W-Wide Flange: W27X84 1 18.83 3.02 W27X84 

B10 W-Wide Flange: W27X84 1 18.83 3.02 W27X84 

B10 W-Wide Flange: W27X84 1 18.83 3.01 W27X84 

B10 W-Wide Flange: W21X62 1 38.5 4.71 W21X62 

B10 W-Wide Flange: W18X40 1 33 2.6 W18X40 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.34 W16X26 

B10 W-Wide Flange: W21X57 1 38.5 4.25 W21X57 

B10 W-Wide Flange: W27X129 1 18.67 4.58 W27X129 

B10 W-Wide Flange: W27X102 1 18.67 3.62 W27X102 

B10 W-Wide Flange: W27X102 1 18.67 3.62 W27X102 

B10 W-Wide Flange: W27X102 1 18.67 3.62 W27X102 

B10 W-Wide Flange: W27X84 1 18.67 2.99 W27X84 

B10 W-Wide Flange: W21X57 1 38.5 4.34 W21X57 

B10 W-Wide Flange: W18X40 1 33 2.61 W18X40 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.33 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.31 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.37 W16X26 

B10 W-Wide Flange: W21X62 1 27.5 3.27 W21X62 

B10 W-Wide Flange: W21X62 1 27.5 3.27 W21X62 

B10 W-Wide Flange: W21X62 1 38.5 4.72 W21X62 

B10 W-Wide Flange: W21X62 1 38.5 4.72 W21X62 

B10 W-Wide Flange: W27X102 1 34.5 6.82 W27X102 

B10 W-Wide Flange: W14X22 1 15.96 0.67 W14X22 

B10 W-Wide Flange: W14X22 1 25.5 1.11 W14X22 

B10 W-Wide Flange: W8X10 1 3.33 0.06 W8X10 

B10 W-Wide Flange: W12X19 1 13 0.47 W12X19 

B10 W-Wide Flange: W8X10 1 5.33 0.1 W8X10 

B10 W-Wide Flange: W12X19 1 13 0.47 W12X19 

B10 W-Wide Flange: W12X19 1 11.17 0.4 W12X19 

B10 W-Wide Flange: W12X19 1 11.17 0.4 W12X19 

B10 W-Wide Flange: W10X17 1 11.92 0.39 W10X17 

B10 HSS-Hollow Structural Section: HSS8X4X.3125 1 11.92 0.52 
HSS8X4X.312
5 

B10 W-Wide Flange: W21X55 1 38.5 4.12 W21X55 
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B10 W-Wide Flange: W21X55 1 38.5 4.2 W21X55 

B10 W-Wide Flange: W21X62 1 38.5 4.71 W21X62 

B10 W-Wide Flange: W21X44 1 33 2.86 W21X44 

B10 W-Wide Flange: W18X40 1 33 2.61 W18X40 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.34 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.37 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.33 W16X26 

B10 W-Wide Flange: W27X84 1 18.83 3.02 W27X84 

B10 W-Wide Flange: W27X114 1 34.5 7.66 W27X114 

B10 W-Wide Flange: W21X62 1 27.5 3.27 W21X62 

B10 W-Wide Flange: W16X26 1 27.5 1.37 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.31 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.33 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.33 W16X26 

B10 W-Wide Flange: W16X26 1 26.29 1.33 W16X26 

B10 W-Wide Flange: W27X102 1 34.5 6.85 W27X102 

B10 W-Wide Flange: W27X102 1 34.5 6.85 W27X102 

B10 W-Wide Flange: W27X84 1 34.5 5.65 W27X84 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W10X17 1 18.25 0.6 W10X17 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W12X19 1 14.67 0.54 W12X19 

B10 W-Wide Flange: W27X94 1 18.83 3.36 W27X94 

B10 W-Wide Flange: W27X94 1 18.83 3.37 W27X94 

B10 W-Wide Flange: W27X94 1 18.83 3.37 W27X94 

B10 W-Wide Flange: W27X114 1 18.83 4.09 W27X114 

B10 W-Wide Flange: W16X31 1 18.67 1.11 W16X31 

B10 W-Wide Flange: W16X26 1 27.5 1.39 W16X26 

B10 W-Wide Flange: W14X22 1 16.5 0.7 W14X22 

B10 W-Wide Flange: W12X19 1 16.5 0.6 W12X19 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X31 1 27.5 1.67 W16X31 

B10 W-Wide Flange: W16X31 1 15.67 0.92 W16X31 

B10 W-Wide Flange: W16X31 1 27.5 1.68 W16X31 

B10 W-Wide Flange: W24X55 1 34.33 3.75 W24X55 

B10 W-Wide Flange: W14X22 1 16.5 0.7 W14X22 

B10 W-Wide Flange: W14X22 1 18.83 0.79 W14X22 
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B10 W-Wide Flange: W14X22 1 16.5 0.69 W14X22 

B10 W-Wide Flange: W14X22 1 18.83 0.81 W14X22 

B10 W-Wide Flange: W14X22 1 18.83 0.81 W14X22 

B10 W-Wide Flange: W14X22 1 16.5 0.69 W14X22 

B10 W-Wide Flange: W14X22 1 18.83 0.78 W14X22 

B10 W-Wide Flange: W14X22 1 16.5 0.69 W14X22 

B10 W-Wide Flange: W16X26 1 27.5 1.38 W16X26 

B10 W-Wide Flange: W16X26 1 24.25 1.24 W16X26 

B10 W-Wide Flange: W12X19 1 10.08 0.37 W12X19 

B10 W-Wide Flange: W16X26 1 27.5 1.41 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.4 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.41 W16X26 

B10 W-Wide Flange: W16X26 1 27.5 1.41 W16X26 

B10 W-Wide Flange: W14X22 1 27.5 1.19 W14X22 

B10 W-Wide Flange: W14X22 1 27.5 1.19 W14X22 

B10 W-Wide Flange: W14X22 1 27.5 1.19 W14X22 

B10 W-Wide Flange: W24X55 1 34.33 3.72 W24X55 

B10 W-Wide Flange: W21X50 1 34.33 3.4 W21X50 

B10 W-Wide Flange: W24X55 1 34.33 3.68 W24X55 

B10 W-Wide Flange: W10X15 1 16.5 0.48 W10X15 

B10 W-Wide Flange: W10X15 1 16.5 0.48 W10X15 

B10 W-Wide Flange: W10X15 1 16.5 0.48 W10X15 

B10 W-Wide Flange: W10X15 1 16.5 0.48 W10X15 

B10 W-Wide Flange: W10X15 1 16.5 0.48 W10X15 

B10 W-Wide Flange: W10X15 1 16.5 0.48 W10X15 

B10 W-Wide Flange: W14X22 1 27.5 1.2 W14X22 

B10 W-Wide Flange: W14X22 1 27.5 1.19 W14X22 

B10 W-Wide Flange: W14X22 1 27.5 1.19 W14X22 

B10 W-Wide Flange: W16X26 1 27.5 1.42 W16X26 

B10 W-Wide Flange: W18X35 1 53.17 3.7 W18X35 

B10 W-Wide Flange: W12X26 1 9.33 0.42 W12X26 

B10 W-Wide Flange: W21X62 1 38.5 4.68 W21X62 

B10 W-Wide Flange: W16X57 1 34.5 3.88 W16X57 

B10 W-Wide Flange: W21X44 1 18.67 1.58 W21X44 

B10 W-Wide Flange: W21X50 1 38.5 3.8 W21X50 

B10 W-Wide Flange: W12X19 1 9.33 0.33 W12X19 

B10 W-Wide Flange: W12X19 1 9.33 0.31 W12X19 

B10 W-Wide Flange: W18X35 1 18.67 1.24 W18X35 

B10 W-Wide Flange: W18X35 1 34.5 2.35 W18X35 

B10 W-Wide Flange: W12X19 1 9.33 0.33 W12X19 

B10 W-Wide Flange: W12X19 1 9.33 0.33 W12X19 

B10 W-Wide Flange: W12X19 1 9.33 0.33 W12X19 

B10 W-Wide Flange: W12X19 1 9.33 0.33 W12X19 

B10 W-Wide Flange: W21X62 1 38.5 4.67 W21X62 

B10 W-Wide Flange: W21X44 1 38.5 3.36 W21X44 

B10 W-Wide Flange: W21X44 1 38.5 3.36 W21X44 

B10 W-Wide Flange: W21X44 1 38.5 3.36 W21X44 

B10 W-Wide Flange: W21X44 1 38.5 3.37 W21X44 

B10 W-Wide Flange: W21X44 1 33 2.84 W21X44 

B10 W-Wide Flange: W21X44 1 34.5 2.96 W21X44 
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B10 W-Wide Flange: W21X44 1 33 2.85 W21X44 

B10 W-Wide Flange: W21X44 1 34.5 2.98 W21X44 

B10 W-Wide Flange: W21X44 1 33 2.79 W21X44 

B10 W-Wide Flange: W21X44 1 33 2.79 W21X44 

B10 W-Wide Flange: W21X44 1 34.5 2.92 W21X44 

B10 W-Wide Flange: W21X44 1 57.17 4.98 W21X44 

B10 W-Wide Flange: W21X44 1 57.17 4.98 W21X44 

B10 W-Wide Flange: W21X44 1 57.17 4.98 W21X44 

B10 W-Wide Flange: W21X44 1 57.17 4.98 W21X44 

B10 W-Wide Flange: W21X44 1 57.17 4.98 W21X44 

B10 W-Wide Flange: W21X44 1 57.17 4.98 W21X44 

B10 W-Wide Flange: W21X44 1 57.17 4.98 W21X44 

B10 W-Wide Flange: W21X44 1 57.17 4.98 W21X44 

B10 W-Wide Flange: W21X44 1 57.17 4.98 W21X44 

B10 W-Wide Flange: W21X44 1 57.17 4.98 W21X44 

B10 W-Wide Flange: W21X44 1 108.79 9.54 W21X44 

B10 W-Wide Flange: W21X44 1 108.79 9.59 W21X44 

B10 W-Wide Flange: W21X44 1 108.79 9.54 W21X44 

B10 W-Wide Flange: W21X44 1 108.79 9.59 W21X44 

B10 W-Wide Flange: W21X44 1 53.17 4.64 W21X44 

B10 W-Wide Flange: W21X44 1 33 2.86 W21X44 

B10 W-Wide Flange: W21X44 1 33 2.84 W21X44 
 

 

Total Weight:  

 

Framing 1,818,482 lbs.      =  909 tons 

 

Columns 564,668 lbs.    =  282 tons 

 

TOTAL:   1191 tons 

  



The University of Massachusetts Advanced Center for Clinical Education and Science (ACCES) 
 

 Page 201 
 

Wall Quantities (Entire Building)    

Wall Assembly Calculated To Butt-End Dimensions Length - Center To Center Width 

 Area Volume   

     

Exterior Glazing 452.59  21' - 10"  

Exterior Glazing 261.27  13' - 5"  

Exterior Glazing 259.11  12' - 6"  

Exterior Glazing 549.32  26' - 6"  

Exterior Glazing 507.86  24' - 6"  

Exterior Glazing 507.86  24' - 6"  

Exterior Glazing 507.86  24' - 6"  

Exterior Glazing 507.86  24' - 6"  

Exterior Glazing 493.18  23' - 9 1/2"  

Exterior Glazing 487.14  23' - 6"  

Exterior Glazing 507.86  24' - 6"  

Exterior Glazing 507.86  24' - 6"  

Exterior Glazing 507.86  24' - 6"  

Exterior Glazing 611.51  29' - 6"  

Exterior Glazing 4968  310' - 6"  

Exterior Glazing 567  40' - 6"  

Exterior Glazing 31.5  2' - 9"  

Exterior Glazing 35  2' - 6"  

Exterior Glazing 221.67  15' - 10"  

Exterior Glazing 297.57  19' - 6"  

Exterior Glazing 375.52  23' - 11 7/8"  

Exterior Glazing 529.14  33' - 8 27/32"  

Exterior Glazing 433.6  27' - 6 3/16"  

Exterior Glazing 415.21  26' - 6"  

Exterior Glazing 266  19' - 6"  

Exterior Glazing 334.83  23' - 11"  

Exterior Glazing 472.5  33' - 9"  

Exterior Glazing 385  27' - 6"  

Exterior Glazing 367.5  26' - 3"  

Exterior Glazing 4347  310' - 6"  

Exterior Glazing 221.67  15' - 10"  

Exterior Glazing 32.96  2' - 4 1/4"  

Exterior Glazing 567  40' - 6"  

Exterior Glazing 29.46  2' - 1 1/4"  

Exterior Glazing 4151  296' - 6"  

Exterior Glazing 2311.5  22' - 4"  

Exterior Glazing 1083  19' - 6"  

Exterior Glazing 1363.43  23' - 11 1/32"  

Exterior Glazing 1923.75  33' - 9"  

Exterior Glazing 1567.5  27' - 6"  

Exterior Glazing 1496.25  26' - 3"  

Exterior Glazing 4869.75  65' - 0"  

Exterior Glazing 16900.5  296' - 6"  

Exterior Glazing 18319.5  310' - 6"  

Exterior Glazing 888.25  15' - 7"  

Exterior Glazing 134.19  2' - 4 1/4"  
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Exterior Glazing 2308.5  40' - 6"  

Exterior Glazing 119.94  2' - 1 1/4"  

Foundation - 36" Footing 446.33 1317.45 34' - 4" 3 

Foundation - 36" Footing 356.19 1052.48 27' - 6" 3 

Foundation - 36" Footing 236.59 709.78 18' - 10" 3 

Foundation - 36" Footing 4888.6 14665.8 389' - 1 1/2" 3 

Foundation - 36" Footing 652.17 1901.63 53' - 2" 3 

Foundation - 36" Footing 5455.13 16365.38 416' - 7 1/2" 3 

Retaining - 12" Concrete 254.04 254.04 12' - 6" 1 

Retaining - 12" Concrete 1164.26 1163.62 56' - 2" 1 

Retaining - 12" Concrete 260.84 260.62 12' - 7" 1 

Retaining - 12" Concrete 233.31 232.96 12' - 6" 1 

Retaining - 12" Concrete 41.43 41.43 1' - 6" 1 

Retaining - 12" Concrete 7776.13 7776.13 370' - 3 1/2" 1 

Retaining - 12" Concrete 289.33 289.33 20' - 2" 1 

Retaining - 12" Concrete 5839.75 5839.75 418' - 1 1/2" 1 

Retaining - 12" Concrete 176.17 176.17 12' - 7" 1 

Retaining - 12" Concrete 289.33 289.33 20' - 2" 1 

Retaining - 12" Concrete 5839.75 5839.75 418' - 1 1/2" 1 

Retaining - 12" Concrete 1720.92 1720.92 13' - 6" 1 

Retaining - 12" Concrete 1126.21 1126.21 12' - 7" 1 

Retaining - 12" Concrete 3822.19 3822.19 50' - 7 1/2" 1 

Retaining - 12" Concrete 490.75 490.75 6' - 0" 1 

Retaining - 12" Concrete 1484.83 1484.83 20' - 2" 1 

Retaining - 12" Concrete 233.18 233.18 13' - 5" 1 

Retaining - 12" Concrete 233.18 233.18 13' - 5" 1 

Grand total: 292 195844.5 140350   

 

 

 

Entire Building Curtain Wall Total: 

 

79,004 ft
2
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Floor Quantities by Assembly (Entire Building)   
Assembly 
Code Floor Assembly 

Area (Defined By 
Modeler) Perimeter 

    

B1010 Concrete Slab - 6" 43283 1879.17 

B1010 
Typical Concrete on Metal 
Decking 235727 8932.69 

Grand total: 
18  279010 10811.86 

 

 

 

 

 

Concrete Totals: 
 

Slabs   (43,282’ x 6/12’) + (235,727’ x 3.25/12’) =  85, 483 ft
3
 

 

Walls/Foundation       67,287 ft
3
 

 

      TOTAL  = 152,770 ft
3 
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Appendix VII: Capstone Design Proposal 
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MQP Project: Capstone Design Experience  

Proposal 

 

Objective:  To evaluate the structural capacity of the steel framing of the UMass AECPC 

building in Worcester and redesign the building’s steel structure to accommodate the 

extra dead load which it had not been designed for. 

 

Why:  The capstone design portion of our group’s MQP consists of analyzing and 

reevaluating the entire steel framing of the UMass building before and after at least 

twelve 10,000 lb. cameras were added.  When the project was originally designed, the 

cameras were not part of the expected dead load.  Because the project is design-build, 

there were still many factors which had not been determined and still haven’t been 

established.  The main factors being what exactly each floor will be used for, whether it 

be educational, medical or rented out to other companies.  Early in construction the 

owner brought up the possibility of reserving three floors (floors three four and five), for 

medical use.  One of the options for making this building one of the most up to date and 

high tech  facilities in the country was to add a three cameras to each floor, each 

weighing ten thousand pounds. With the current design, the trusses would fail under the 

added load. In the end they decided not to change the plans they had and would relocate 

the cameras or not use them at all. 

 

What:  Our group will figure out what floor design would work to compensate for the 

cameras. We plan to determine if it would be better to redesign the trusses or would it just 

be better to add steel to the columns already in place.  We want to see how much work it 

would have been to add the steel and how much it would have added onto the budgeted 
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cost.  Also answer how this added construction would affect the project duration. These 

problems are what can hinder projects, especially one which is fast-tracked.  The project 

is already behind schedule and changing the floor plans would probably push it farther 

back.  We will conduct a structural review of the current load bearing capacity of the 

floor and steel frame as designed and then re- design the structural members as needed to 

carry the new loading condition imposed by the weight of the camera equipment.  After, 

we will determine the cost and schedule impact of this work. 
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The blue arrows show where each camera will be located. 

 

 
The blue boxes also represent which bay each camera will be located. 
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Design Steps 

 

A:  To determine the actual strength of the current steel structure. 

 

B.  Using loads given by Consigli, determine how much weight could safely be added to 

the structure. 

 

C.  Decide whether we will use an alternate design or only change the size of the beams.   

 

D.  Once an alternative has been chosen we can proceed to redesigning the structure to 

resist the dead and live loads given in the plans and the extra force of the cameras during 

construction in accordance with Massachusetts building codes. 

 

E.  When the design is concluded, we will determine the time and cost difference of 

actually implementing the new design. 
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Appendix VIII: Camera Loading Design Calculations 
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