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Abstract

This projectfollowedthe constructiorprocesesof the Lhiversity of
Massachusett®\dvanced Center for Clinical Education and Sciem@aur gr oup 6 s
membersattended weeklpwner and subcontractor meetirigoobserveahe planning,
scheduling, budgeting, and hiing 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

proces.
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Preface

The following report describes the procedures cauoigt 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 difnt computer programs, employees of a
construction company, and our advisors.

We utilized thecomputemprogramii A u t oRJeevsikt 0 a itscompanents o f
to help develophereport Wecreatel 3D digital modelsof the building at different
stages othe construction process eventually ending at the final product. These
renderingsare close approximations thatrror web shots of the actual construction at
those specific stages. The final drawing refidloe design andhost ofits specifications.
The information fronthe 3D digital models, which was exported, allowed us to
calculate detailed material quantities.

We also used thgroject scheduling program "Primavera” to develop a schedule
of the existing building construction’We u s e d Griginatbasgline schedule as
well as the weekly updated schedules. Thebedulesllowedus to illustrate the
progress of the entire project. The schedul
2008 was the last one we were able to use. Theyalitsved to discoveany significant
eventsthat delayed the project in any way

We also used the computer program MASTANZ2 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 equipotent n
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 atted scheduled esite 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 typicalonstruction 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 utitizede p rAutgdeskm i
Revito and s omeaswdlasithegrog@aoRipveerat s fiRevit o he
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 worldth Bbthese 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 witktea 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 cstnuction 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 usetb help develop a detail&dD digital model of this pject. First
we createda modelsof the building at different stages of the construction process
eventually ending at the final producthe modelsmirror web shots ofhe actual
constructiorof the buildingat specific stagesThese web shots were taken at the end of
each month of constructierach 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 timsomethiig a photograph cannot d@he 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 finalRevit modeleflects the desigand all of its floor plans, architectural
plans, and the different materials in the projébtith thesewereable to use "Revit" and
calculate dethie d mat er i al guantities. With tool s
the materialsWewere also ale to focus oressentiabspects of the buildinguch as
concrete, steel, and curtain wall quantiti#een evaluating for the takeofKnowing the
different kinds of materials, along with the quantity of those materials, helped us with the
cost estimatig 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 alsousedthe project scheduling program "Primavera" to develop a schedule
of the existing building construction. $mConsigliConstruction, the design/builder for
this projectuses this program to schedule their upcoming activitig@oited helpfufor
us to attempt to reflect their current scheduM& used their initial schedule from the
beginning of the proje@nd compared it to updated versions that were created
throughout the construction process. Our crestb@dulsinvolve the main activities
that we feel are vital to the buildi@gsonstruction Along with building activitiesthe
schedule entasldesgn events and any other evepteceding our involvement in the
project. This allowus to illustrate the progress of the entire project and make any
significant events knownWe also created updated schedules with Primavera and
compared it to the origih@lannedscheduleBy 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 theduled ofsite 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 organizatba 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 constructipnogression. 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
guestions that we had.

The fact that this construction project is a design/build anetriasted one, it
could cause problems with time delays and extra costs. With-sidakéed 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 CorporationyCCC). The WCCC is a publicly owned néar-profit
Massachusetts state government created board of trugteses sole purpose is to
oversee the well being of the students, patients, and employees of the University of
Massachusetts Me ddr Campus. SThenMCEC wosks Wiloirrtleee s
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 necessagy mon
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 ibe iftee
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 quatlitgiof
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 béteden
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 Bdyesign

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 learniegedic
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 realig, simulation mannequins, and the Standardized Patient Program.
The building also houses the Clinical and Translational Science Department. Thisis a
new, recently founded department whose goal is to shorten the time of implementation
between a scientifibreakthrough 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 computeendering of what the building is projected to look like

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

2.3 Construction Procedures

The ACCES building will be a 258 000 squdeet building consisting of seven
stories. The inmecore 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 setba
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 Massashusett

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 wellvagden
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 typlesiign/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 meansithedis not completely
designed when construction starts. In this case, the interior design is not complete, even
though exterior construction has beguBy doing this, the owners hope to save both time
and money By overlapping the design and constron processes months can be taken
of f of t he pandgneedimedssmortty a faw niilloom 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 tfierbuilding 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 desigass
when outer construction is expected tacbepleted 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 nghel@s$o 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 dieégyare 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 toienom. The idea is to add
shifts but to still only have to pay workerod
could be anything from time and half to double time to even triple time depending on the
worker. Since there are unionized workers os jibb, 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 problemttvthe 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 redgs 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, arelasiimgof
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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) andthey will also occupy a majority of the space in the building. They were
the acting owners and maintained a presence faiterdecisions throughout the entire
project. Although there have been many problems on deciding what will be done with
the unocapied 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 6s meetings all owed both Consigli and L
together as aahesive unit.
Founded in 1962 UMMS was the Commonweal th
public medical school. The primary focus of this school was to provide affordable, high
quality medical education to state residents and to increase the numbenariymare
physicians practicing in underserved areas of the state. After 40 years of dedication from
all the school s faculty and student s, UMMS
medical schools.
There are currently five University of Massachusettepases and the Worcester
location is one of twentgight free standing, university based academic health science
centers in the U.S. ranked fourth in the nation in primary care education. UMMS
comprises three schodlghe School of Medicine, Graduate $ohof 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 grea
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 researchthand in
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 dmieybdsan
i mportant role in the institutionds public s
to improve access and delivery of health care to at risk and uninsured populations. They
do this by taking advant age manhgementandi nsti t ut i
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 andrdamity 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 makiecfalthier,
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, consrtbaitigre

experiencing health care problems or health care personnel shértages.

2 State of Massachusetts Government. Chapter 163 of the Acts of 199¢t Aathorizing 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/s1970163.htm

Pagel9



The University of Massachusetts Advanced Center for Clinical Education and Science (ACCES)

The Department of Family Medicine and Community Health is also another very
important signature program established by UMMS. This program provides clinical care
to communites throughout Massachusetts, including many that are underserved. More
than twenty years ago, UMMS was one of the pioneers in establishing a program in
which firstyear medical students are required to study health problems and health care
services. Thgconducted 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 ptpose 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
abuses, 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 Englandthescience 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 dociidrs.new building will be

another affective tool in regards to medical education and research.

% 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 Desiguilder on this project was Consigli Construction
Co. The main reason for the hiring of this particalampany 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 UMMBIng is being connected to was also
built by Consigli only 3 years prior to this new project. This rdelel parking garage
is located adjacent to and is connected directly to the new UMASS building. This only
made it fitting to have them continuéhat 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 uphe 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
Northeasts a well respected construction company. Consigli has become an established
leader in the New England construction industry throughout the past century. Itis now
led by a fourth generation of the Consigli family, and provides construction management,
general contracting, designuild and preconstruction 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 businesdl/ith 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 Constrtion 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, andisrankedihne countryodés top 400 gener al cont
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 condgte 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 ofesponsibility on this project and it pushed them to test their abilities in the
construction management field. The Project Manager on this project was William
O6Rour ke and the Project Engineer was Russel
two Conggli 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 ahalso 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 umf 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 responsiblethar 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 lastone 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 thatipplied 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 pfect.

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 beaths@mections. 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 Unitades 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 buildirfg.

“ B.K. Ironworks Industries. Harrisburg, PA http://www.bkiron.com/english/history
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Eag 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 bessda 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 eveally 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 lightfy.

William F. Lynch Co.

Another important aspect to the construction of large officlelimgjs 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. Tin&iouse
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 beénahbiie

a project of this magnitude.

® East Coast Fiproofing. http://eastcoastfp.com/about.php

®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 lage 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
closedfor 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 éney w

used for on this particular project.

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 spanssacthree 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 196%dehas been a well respected company gince.

" Precast Specialties Corp. http://www.precastspecialtiescorp.com/
8 payette. http://www.payette.com/WhoWeAre_FirmProfile.aspx
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Chapter 4: Construction Document_ation

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 engireeesxactly
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 alsoheemanagers
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 ab 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 appval 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, anythith@t 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 necessaryait 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 mistakecan 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
meanghat 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.

18¢ 2&)60
A Request For Informain (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
contracotrdés questions and the responses
considered the predesss 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 calpe 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 mangers 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 projectdés scope.

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 Il of the Appendix.
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4.3 Change Orders

A change order is the written record of any chamggliestedy the tenants
owners of théuilding. 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 ordy eveah 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 cifange

A change order is helpful in that it allows for the construction team to kaelp tr
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 acddaontehen
estimating the projectds 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 outof the original budgethis 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 die¢ 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’.

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

being done withoutheir knowledge, in order to gain more profit. A construction

° O'Brien, James Jerom@onstruction Change Orders: Impact, Avoidance, Documentation
2 0'Brien, James Jerom@onstruction Change f@ers: 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 ordersdip 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

supposedo cost.

4.4 Meeting Minutes

During the construction meetings that our group attended, a packet was given out
to all attendees. This packet contained wha
packet also provided an updated schedule of the project.

These AMeeting Minuteso provided a simpl e
occurring during the construction process.
were included within the AMinuteso. I n this
where dfferent 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 weekds meeting would tell wh e
realized. Exmples of the Meeting Minutes that we obtained are located in Section | 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 yees. Itis 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 traditionapoten 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 AutoCAihgsacan 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. Manyawribuction
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 needéd.

The parametric change engine is the kegoa 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 betwethe 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

“"§Autodesk to Acquire Revit Technology Corporation; £
Building Industry." Autodesk.Com. 21 Feb. 2002. 13 Feb. 2008
<http://investors.autodesk.com/phoenix.zhtml?c=11786 1&pnewsArticle&ID=261618&highlight=>.
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from coordination between subcordtars. 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 MErawings 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. Becausertioalel 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 wilpoint out the problem with a pagp warning box such as the one

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

Mone of the created elements are vizible in Floor Plan: Level 1 Wiew. Y'ou may want
to check the active view, its Parameters, and Yizibility settings, as well as any Plan
Reqgions and their zettings.

EEEEI

Figure 2: Warning window in Revit

You can literally walk up to the problem in theodel 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 @&m 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 Aubdesk 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 comganamed 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. *?Generally, when a pject 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 updatetbe change. One nice feature of the program is that if one
person is making a change, it checks to see
the same time which prevents two people from making the same change at the same time,
which can also be atrolled 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. eBause 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 Igistics, and visualization of the different phases of the construction

progress.

“5Autodesk to Acquire Revit Technology Corporation; £
Building Industry." Autodesk.Com. 21 Feb. 2002. 13 Feb. 2008
<http://investors.autodesk.com/phoenix.zhtml?c=11786 1&pnewsArticle&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 fetiuld we could use Revit
to gain experience with BIM and make a valuable motitie®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 pgdboking 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 iifit 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 differérslab 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 schaté 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

A
N

elevations of the fatings, although the sizing was modeled

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

structure. A
! =N 8
The next and most time Bsuming stage inthe  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 twoadegauildings, 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 ii8figure

This is a photo of the site in June 2007.

When onstructing 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 trest 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 steebiming 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 weiglch3hick

concrete slab on 10 met al decking as speci fi
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 attthe

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 estigaimcrete,

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 me®dbbwn in figured'.

EEIVIEYN

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 ver
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 app&ndix

Page37



The University of Massachusetts Advanced Center for Clinical Education and Science (ACCES)

Aerial Shot July 2007

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