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EXECUTIVE SUMMARY 

The following technical assignment analyzes key information regarding the LancasterHistory.org 

project that impacts project execution. The $13.5 million project is located just outside of 

Lancaster City, PA on Presidents Ave. It is a renovation/addition, totaling in a 32,068 square feet 

of area. Benchmark Construction is the general contractor on the project, and Centerbrook is 

the architect. Its construction began in October 2011, and final completion was slotted for the 

first of this month (11/1), however delays postponed the milestone and the building is still 

being commissioned. 

The project schedule was one of the key aspects of the project, as the owner required it to be 

completed by the first. Unfortunately, this was delayed due to unforeseen soil conditions early 

into the project. The schedule in this report details the original plan, and more information 

regarding the delay may be found in the constructability challenges portion of this report. BIM 

was only utilized in the design phase of the projects life, but it is recommended that BIM extend 

throughout the entire duration, should the owner be convinced. A detailed structural system 

estimate is presented in this report as an extrapolated model. In addition to the structural 

estimate, a general conditions estimate is provided. All aspects described above have an impact 

on the delivery of the project, regarding cost and time, two quintessential aspects for any 

service provided, but particularly the construction industry. Enjoy!  
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DETAILED STRUCTURAL SYSTEMS ESTIMATE 

In providing a detailed structural systems estimate for the LancasterHistory.org project, I 

selected the middle roof arc area as a module. On the structural drawings, the area spans from 

location C to location E. I have chosen to use this as a modulus because it is proportionately 

larger and smaller than the neighboring roof arcs in length and height. All modules are the 

same width. Please see Appendix A for detailed estimate and calculations. 

On the lower level foundation plan, there are spread footings on the East and West sides of the 

building, spanning 50 feet each. In addition, there are two F7 type footers each at locations C 

and E. There are two F8 footers at location D. Last, there are three F6 footers and a F4 footer in 

this module. The concrete slab on grade of the lower level encompasses a 50’X59’ area. 

Formwork is done by a three man crew, consisting of a carpenter, a foreman and a laborer. 

Rebar is placed with a rodman and a foreman, and WWF is placed with a rodman and a 

common laborer. The concrete is poured via a three men crew of a foreman, a common laborer 

and a vibrator operator. The lower level slab and ground level topping are finished, protected 

and cured with a two person crew of a laborer and finisher. 

At ground level, there are five W24X55 beams. Three of the W24X55 beams span 17’6”, one 

spans 15’ and the last spans 11’6”. There are two WT-1 beams, a W10X30 and three HSS 

members also. Structural steel for this level and for all other levels is set and welded in moment 

connections. It is set with a crane operator, foreman and steelworker, and it is welded with a 

field welder, equipment operator and gas welding machine. 

The roof framing consists of three bays along FRAME B and FRAME C, spanning locations C and 

E. The outer walls have GB-4 girders and the two inner girders are GB-3. Bridging occurs at 1/3 

points between these girders. 1 3/4 “X16” LVL rafters located 2’4” on center from FRAME B to 

FRAME C. There are two LVLs at the elevator shaft for lateral stability. The shaft also contains a 

W8X31 member. A HSS12X8X1/2 serves as a lintel over the stairwell window on the west side. 

Lumber is placed with a foreman, laborer, carpenter and a crane operator for the girder beams.  
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The structural FRAME B has all HSS 12X8X1/2 members. The two middle columns extend from 

the BOF elevation to the EAVE, and the two exterior columns extend from the ground level to 

the eave. Six HSS beams connect the columns, three at ground level and three at eave level. All 

are moment connections.  

The structural FRAME C has all HSS 12X8X1/2 columns. The two middle columns extend from 

the BOF elevation to the top of the arc at 23’3”, and the two exterior columns extend from the 

ground level to the top of the arc. Six HSS beams connect the columns, three HSS 16X8X1/2 at 

approx. 12’ above grade and three at approx. 22’ above grade. All are moment connections.  

From the ground level up, there is 878 sqft of masonry on the first shear wall and 788 sqft of 

masonry on the second shear wall. This is placed with a five person crew, consisting of a 

foreman, a layer, a mortar mixer, a laborer and a hod carrier. 

The total cost of the structural system of the building for the selected module is just over one 

hundred thousand dollars ($107,290.49). Materials will cost $79,454, labor will cost $21,224 

and equipment will cost $1,218. These values will be extrapolated to estimate the costs of the 

entire addition. The SQFT area of the addition is 19,755, and the SQFT area of the selected 

module is 6,133, so the extrapolated ratio is 3.2211. By multiplying this with the module’s cost, 

it is estimated that the total cost of the building addition will be three hundred forty-five 

thousand, five hundred and ninety-three dollars ($345,593).  

 MATERIAL LABOR EQUIPMENT TOTAL  

Module $79,454 $21,224 $1,218 $107,290 

Addition $255,929 $68,365 $3,923 $345,593 

Detailed structural estimate breakdown for module 
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DETAILED PROJECT SCHEDULE 

Overview 

The construction schedule for LancasterHistory.org is critical to the project’s success, because 

the owner requires it to be delivered by a certain date. Notice to proceed was received by 

Benchmark construction on October 3, 2011, and the project was expected to be complete 

thirteen months later, by November 1, 2012. This target complete date was not reached due to 

soil complications (see Constructability Challenges on page 13). Also, several change orders 

were requested by the owner. The detailed construction schedule in this report does not 

include delays, and it represents the schedule that was originally planned by Benchmark. The 

schedule can be found in Appendix C of this report (page 23). It details the duration of the 

construction, and it includes renovation work as well as construction completed for the 

addition. Many construction sequences overlap in order to expedite the construction process, 

and a summary of the construction sequencing can be found on the following page. 

Sequencing 

To meet the construction completion deadline, many construction sequences overlap, and 

there is very little float. Essentially, sequencing is completed from north to south for all 

categories of construction. In this way, the addition extends out from the existing building. 

Several enclosure activities are conducted at the same time the building structure is sequenced. 

As such, building Dry-in is scheduled for April 26, 2012. Lower level construction activities are 

completed at the same time as ground level activities to further expedite the schedule. It can 

be noted that building commissioning is scheduled to take an unusually large portion of time 

relative to project duration. It is scheduled to take 97 days, which can be attributed to the 

complex nature of MEPF elements of the building and the projects goal to reach LEED Gold 

certification. 
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LancasterHistory.org Construction Sequences Breakdown 

 Duration Start Finish 

Preconstruction 15 days 3 October 2011 21 October 2011 

Foundation 46 days 18 October 2011 21 December 2011 

MEPF 191 days 12 December 2011 10 September 2011 

Structure 88 days 12 December 2011 13 April 2012 

Enclosure 59 days 6 February 2011 26 April 2012 

Exterior 69 days 4 April 2012 11 July 2012 

Ground Level 120 days 26 April 2012 15 October 2012 

Lower Level 61 days 30 April 2012 25 July 2012 

Commissioning 97 days 18 June 2012 1 November 2012 
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GENERAL CONDITIONS ESTIMATE 

The General Conditions Estimate for the LancasterHistory.org project encompasses project 

personnel, site expenses and miscellaneous costs for the project. The personnel involved in the 

project include a project manager, assistant project manager, administrative assistant, 

superintendent and a foreman. Project site expenses are incurred primarily from utilities but 

also from maintenance, company trucks and dumpsters amongst others. These line items are 

chosen by looking at the project’s site plan from Tech Report 1 and from looking at the project 

schedule (see Appendix C on page 23). Last, miscellaneous costs are incurred from insurance, 

bond and permits. 

 

The estimate comes out to over half a million dollars ($576,641). This number was reached 

using RS Means, combined with information provided by Benchmark Construction. The cost of 

utilities, bond, permits and the general conditions total cost are known. Means was used to 

estimate all other costs. These costs were occasionally manipulated within reason to reach the 

actual general conditions total cost given by Benchmark. By comparing the general conditions 

cost with the total project cost for the LancasterHistory.org project, it is determined that 

general conditions account for only six percent (7.5%) of the original schedule. 
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LINE ITEM AMNT. UNIT RATE TOTAL COST 

PERSONELL 

Project Manager 10 WEEKS $ 3,200 $ 48,000 

Assistant Project Manager 30 WEEKS $ 2,800 $ 84,000 

Administrative Assistant 20 WEEKS $1,550 $ 31,000 

Superintendent 10 WEEKS $ 3,560 $ 35,600 

Foreman 20 WEEKS $ 2,560 $ 51,200 

SITE EXPENSES 

Utilities 1 N/A N/A $116,445 

Site Maintenance 54 WEEKS $ 230  $12,420 

Dumpsters 30 EACH $ 400  $12,000 

Fencing 30 WEEKS $ 100  $ 3,000 

Company Trucks 54 WEEKS $ 240  $ 12,960 

Drawings & Specifications 1 N/A N/A $ 2,500 

CPM Schedule 1 N/A N/A $ 4,000 

Signage 1 N/A N/A $ 1,500 

Cell Phones 13 (5) MONTHS $ 40 $ 2,600 

Postage & Shipping 30 WKS $ 75 $ 2,250 

Porta-Johns 8 MONTHS $ 550 $ 4,400 

MISCELLANEOUS 

Insurance 1 % $ 7,697,206 $ 76,972 

Bond 1 N/A N/A $ 56,550 

Building Permits 1 N/A N/A $ 19,241 

TOTAL COST $ 576,641 
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BUILDING INFORMATION MODELING USE EVALUATION 

Before developing a BIM use list it is important to list the goals of the project as they relate to 

BIM. The projects goals listed in this report are specific to the LancasterHistory.org project (see 

Appendix C for BIM Goal List). They encompass all stages of the building’s creation from 

planning to design to operation.  As a note, the owner does not require BIM for building 

operation, and Benchmark opted to not use any BIM in the construction process. The goals are 

then be used to determine how BIM is applied to the project (see Appendix D for Level-1 

Process Map). 

After listing the projects goals, a chart is created in the form of a BIM Goal List. Each goal is 

paired with potential BIM applications that are or would be used to facilitate reaching them. 

Further, the goals are ranked in priority from low to high. This is used to allocate resources later 

in the BIM planning process. From the chart on page 27, it can be seen that the most important 

BIM uses for this particular project include (In descending order): Phase Planning (4D 

Modeling), 3D Coordination, Sustainability (LEED) Evaluation, Building System Analysis, 

Construction System Design (Virtual Mockup), Site Utilization Planning, and Space 

Management/Tracking. BIM use analysis is later conducted in this section to determine BIM use 

implementation. 

Phase Planning is the combination of a 3D model with the added element of time. It is used to 

demonstrate the construction sequence and space requirements of the project, allowing for 

better communication between involved parties. This is important to reduce project cost and 

schedule duration. It is to be used in the design and construction phases of the project. 

Required resources include scheduling software, a 3D model and 4D modeling software. 

Three-Dimensional Coordination is important because it is used to determine major system 

conflicts before they happen. It is used in the design and construction phases of the project. Its 

applications are crucial to this project in particular, because there are so many separate entities 

involved in the design process. It would have greatly facilitated the communication between 
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parties, saving time and money. 

Sustainability (LEED) Evaluation helps the goals of the LancasterHistory.org project by bringing 

sustainable criteria to it in all phases of facility life. It is used in tandem with Building Systems 

Analysis via 3D coordination to save time and money by quickly analyzing design changes and 

bringing about a quality design. It is also used to reduce operational costs for the owner. 

Perhaps most importantly, the model supplements the LEED evaluation, to actually make the 

building green. 

Building System Analysis is what it sounds like. MEPF and solar aspects of the 

LancasterHistory.org building are analyzed. These components of the building are analyzed to 

ensure they meet the owner’s criteria in the design phase and the design criteria in the 

construction/commissioning phase of the project. Further, it could be used to make sure 

systems continue to operate properly in the maintenance phase, had the owner requested this 

service. This BIM application requires systems analysis software. 

Virtual Mockup is used on the project in its design phase to analyze construction and increase 

planning, to increase construction productivity and to decrease language barriers between 

parties. Because of the unusual shape of the roof arcs in the LancasterHistory.org project, this 

BIM application is used to communicate enclosure of the building. This is very important to 

ensure the building’s longevity (i.e. so that water damage does not occur). It only requires 3D 

modeling software, but it would be used with many other BIM applications. 

Site Utilization Planning is facilitated with BIM because space and sequencing can be more 

realistically represented than with just two dimensional drawings. Labor, materials and 

equipment can all be accounted for. The BIM application of Site Utilization Planning saves time 

and more effectively evaluates construction safety concerns. It is used with Phase Planning, and 

it is particularly important for the LancasterHistory.org project, given its ambitious schedule 

and the fact that nearby facilities remain operational. 

Space Management is used on this project to effectively allocate, manage and monitor space 
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usage for the LancasterHistory.org Project. This is important for the project at hand because it 

is an addition that requires much more space than the existing building. This BIM application 

helps the owner and architect determine how much space is needed for various historical 

artifacts and exhibits in the design phase. It can also be used in the maintenance phase to 

monitor artifacts and other resources during the facilities operation. It requires space mapping 

and bi-directional model manipulation software. 

Next, a BIM use analysis chart is created (see Appendix D on page 27). This chart determines 

parties involved in the BIM Process, and it rates each party capability per BIM use. After 

considering additional resources or competencies required, a decision is made to proceed or 

not to proceed with the considered BIM applications and relevant parties. It is determined in 

this report that Phase Planning, 3D Coordination, Building System Analysis, Virtual Mockup, Site 

Utilization Planning and Space Management are all to be implemented on the 

LancasterHistory.org project, (It can be noted that LEED Evaluation is not practical for this 

project because the project size is too small to achieve profit.). Active parties in the BIM process 

are determined to be the owner, architect, contractor, MEPF engineer, structural engineer and 

occasional subcontractors (excavation, structural-steel, mechanical & electrical subs.). Given 

the resources and experience of the LEED certified Architect on the project, LEED Gold 

Certification can still be achieved. 

To better understand the implementation of the BIM Uses, BIM project execution process is 

designed. In doing so, a process map is established, which defines various processes performed 

by parties. It also communicates information exchanges between parties. This map is later used 

to determine member selection criteria, contract structure, BIM deliverable requirements and 

IT infrastructure. A BIM Overview Map for the LancasterHistory.org project can be found in 

Appendix E. 

Critical Evaluation: 

Given both the goals and personnel involved in the LancasterHistory.org project, the BIM uses 

selected are appropriate. Each party creates their own models and brings them to coordination 
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meetings, which are held every Thursday morning. Significant design changes are submitted to 

relevant personnel as soon as possible, and models are shared online to keep information 

current. Benchmark personnel should communicate with subcontractors on-site when 

applicable and keep up-to-date models (from all parties) for documentation purposes. 

BIM was used on this project only by the owner, architect and structural engineer to each of 

their benefits. It was not used by Benchmark or the MEPF engineer given the size of the project 

and experience of the parties. However, the complicated nature of the building’s various 

elements suggests time and money could have been saved in the long run had the contractor 

and MEPF engineer implemented BIM. It is particularly surprising that 3D and 4D models were 

not utilized by the contractor, since various 3D models were already developed in the design 

phase of the project. Benchmark should utilize BIM in the construction phase of the project and 

could keep a record model in case the owner has difficulty with maintenance and later changes 

its mind. Thus, BIM should have been utilized in all phases of LancasterHistory.org’s 

construction to maximize its potential value for everyone. 

BIM Uses 

 

 

PLAN DESIGN CONSTRUCT OPERATE 

4D Model 4D Model 4D Model 4D Model 

3D Coordination 3D Coordination 3D Coordination  

Building System 
Analysis 

Building System 
Analysis 

Building System 
Analysis 

Building System 
Analysis 

 Virtual Mockup Virtual Mockup Virtual Mockup 

 Site Utilization 
Planning 

Site Utilization 
Planning 

 

Space Management Space Management Space Management Space Management 
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CONSTRUCTABILITY CHALLENGES 

Differing Soil Conditions 

Plan bottom for contract documents is specified to be at an elevation of three hundred ninety-

nine feet (399’). However, the specified Stratham Type II soil was not encountered within rock 

bin #2 until 2’ below plan bottom at an elevation of three hundred ninety seven feet (397’), as 

determined by Benchmark and D.H. Funk (site subcontractor) and validated by ECS Testing 

Agency. In addition to the unsuitable soil condition, a change order request had to be filed by 

Benchmark for the additional excavation below the plan bottom.  

As can be expected, the change order request cost extra time and money. First, there was lag 

time for the change order to be processed and approved. Further, extra excavation had to be 

done, extra waterproofing had to be installed, and extra backfill had to be done. Consequently, 

the construction of the CMU exterior walls (see Appendix C on page 23) was delayed, and the 

Dry-in Building Milestone could not be reached. 

 

 

Minimizing Disruption to the Buchanan Estate 

The construction site for LancasterHistory.org hosts the Wheatland residence, a historical 

landmark, and it remained open for the duration of the project. Safety was a top priority in this 

regard, as the Wheatland residence remained in operation for the duration of construction. 
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Museum goers need to be protected, which means a lot of fencing and signage. Many children 

that attend the site with their families and it is important that none get onto the construction 

site unmonitored. As an added precaution, there is a double gate with a lock. Construction 

noise was minimized on site, with work synchronized to accommodate museum tours. This 

required very detailed scheduling and planning. 

In addition to the Wheatland Residence, the site happens to host the Louise Arnold Tanger 

Arboretum. As such, the owner, required that several rare species of trees go unharmed and 

that most of the 104 varieties of trees go unharmed. Some protected trees were situated right 

in the middle of construction, so tree fences and nets were used to supplement meticulous 

logistical planning. Benchmark wished to uproot several trees, but the owner would not allow it 

(see Technical Report 1 for site fencing and logistics plans). 

 

A Leak-proof Enclosure  

 

One of the biggest concerns in the construction industry is that water damage will inhibit the 

longevity of the final product. This type of damage is extremely prevalent in buildings, and it is 
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typically not covered under insurance. Given the unusual architectural design and shape of the 

LancasterHistory.org project (see above drawing), the building is especially at risk. During the 

enclosure phase of construction, inspection around windows is quintessential (see clerestory 

window below). The flat roof above the soffit requires proper drainage installation as well. The 

brick façade of the building should have well placed weep holes to allow breathability, should 

moisture get behind it. 
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APPENDIX A: DETAILED STRUCTURAL ESTIMATE DATA 
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APPENDIX B: DETAILED STRUCTURAL ESTIMATE CALCULATIONS 
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APPENDIX C: DETAILED PROJECT SCHEDULE 
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APPENDIX D: BIM GOALS 

PRIORITY 
(HIGH/MED/LOW) 

GOAL DESCRIPTION POTENTIAL BIM USES 

High Ensure building is operating to sustainable standards Building systems Analysis 

Medium Ensure building is operating to specified design Building systems Analysis 

High Identify opportunities to modify system operations to improve 
performance 

Building systems Analysis 

Medium Increase the efficiency of transition planning and management Space management & tracking 

High Proficiently track  the use of current and space and resources Space management & tracking 

High Assist in planning future space needs for the facility Space management & tracking 

Medium Improve the effectiveness of Emergency response Disaster Planning 

Medium Minimize risks to responders Disaster Planning 

High Accurately evaluate site layout for safety concerns Site Utilization Planning 

Medium Effectively communicate construction sequence and layout to 
all interested parties 

Site Utilization Planning 

High Minimize the amount of time spent performing site utilization 
planning 

Site Utilization Planning 

Medium Increase constructability of a complex building system Construction System Design (Virtual Mockup),  
3D Coordination 

High Increase construction productivity, Phase Planning (4D 
Modeling) 

Construction System Design (Virtual Mockup),  

Medium Decrease language barriers Construction System Design (Virtual Mockup),  
3D Control and Planning (Digital Layout) 

High Ensure quality of information Digital Fabrication 

Low Reduce lead time Digital Fabrication 

Medium Decrease layout errors by linking model with real world 
coordinates 

3D Control and Planning (Digital Layout) 

Low Reduce rework because control points are received directly 
from the model 

3D Control and Planning (Digital Layout) 

High Reduce and eliminate field conflicts 3D Coordination 

High Reduce construction cost 3D Coordination,  
Phase Planning (4D Modeling),  
Cost Estimation 

High Decrease construction time 3D Coordination, 
 Phase Planning (4D Modeling) 

High Better control and quality control of design, cost and schedule Design Authoring,  
Sustainability (LEED) Evaluation,  
Design Reviews 

High Achieve optimum, energy-efficient design solution by applying 
various rigorous analyses 

Engineering Analysis,  
Facility Energy Analysis 

Low Automate analysis, saving time and cost Engineering Analysis,  
Facility Energy Analysis 

Medium Early and reliable evaluation of design alternatives. Sustainability (LEED) Evaluation,  
Design Reviews 

High Reduce operational costs of the facility due to the energy 
performance of the project 

Sustainability (LEED) Evaluation 

Low Reduced turnaround time Code Validation 

High Space and workspace conflicts identified and resolved ahead 
of the construction process 

Phase Planning (4D Modeling) 

Medium Monitor procurement status of project materials Phase Planning (4D Modeling) 

High Identification of schedule, sequencing or phasing issues Phase Planning (4D Modeling) 
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APPENDIX E: BIM USE ANALYSIS 

BIM USE 
VALUE 

TO 
PROJECT 

RESPONSIBLE 
PARTY 

VALUE 
TO RESP 
PARTY 

CAPABILITY 
RATING 

ADDITIONAL 
RESOURCES/COMPETANCIES 

REQUIRED TO IMPLEMENT 

PROCEED 
WITH USE 

 HIGH/ 
MED/ 
LOW 

 HIGH/ 
MED/ 
LOW 

SCALE 1-3 
(1=LOW) 

 YES/NO/ 

MAYBE 

    

Re
so

ur
ce

s 

Co
m

pe
te

nc
y 

Ex
pe

rie
nc

e 

  

Building systems 
Analysis 

High Architect Medium 3 3 3 Building Systems Analysis Software, 
Record Model 

Yes 
MEPF Engineer High 3 2 2 
Contractor High 2 2 2 

Space management 
& tracking 

High Owner High 2 3 3 Bi-Directional 3D Model Manipulation Yes 

Disaster Planning Medium Contractor Medium 1 3 3 Record Model Maybe 

Site Utilization 
Planning 

High Contractor High 3 3 3  Yes 

Construction 
System Design 
(Virtual Mockup) 

High Architect High 3 2 2  Yes 
MEPF Engineer High 3 3 2 
Structural Engineer Medium 3 3 2 

Digital Fabrication Low Structural Engineer Low 2 2 1  No 
Contractor Low 3 3 2 
Fabricator Medium 3 3 3 

3D Control and 
Planning (Digital 
Layout) 

Low Architect Low 2 2 1  No 
MEPF Engineer Low 3 3 3 
Contractor Medium 2 3 2 
Subcontractors Low 1 2 1 

3D Coordination High Architect High 3 3 3 Teach Subcontractors Yes 
MEPF Engineer High 3 3 3 
Contractor High 2 3 3 
Subcontractors Medium 1 2 1 
Structural Engineer High 3 2 2 

Code Validation Low Contractor Low 3 2 2  No 

Phase Planning (4D 
Modeling) 

High Contractor High 3 3 3 Teach Subcontractors Yes 
Subcontractors Medium 1 3 1 

Design Reviews Low Architect Medium 3 2 2  No 
Owner Low 2 1 1 

Facility Energy 
Analysis 

Medium Architect Medium 3 2 3  No 
MEPF Engineer High 3 2 3 
Contractor Medium 2 2 1 

Sustainability 
(LEED) Evaluation 

High Contractor High 2 2 1 Knowledge of up-to-date LEED 
information 

Maybe 
Owner High 2 2 1 
Architect High 3 2 3 

Cost Estimation Low Architect Low 2 1 2  No 
Contractor Medium 3 3 3 

Design Authoring Low Architect Medium 2 2 1  No 
Owner Low 2 1 1 
Structural Engineer Low 2 2 2 

Engineering 
Analysis 

Medium Architect Medium 2 2 1 Engineering analysis software Maybe 
MEPF Engineer High 3 3 3 
Structural Engineer Medium 3 3 3 

 Medium Contractor Medium 2 2 1  Maybe 
Facility Manager Low 2 1 1 
Architect Low 2 1 1 
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APPENDIX G: BIM LEVEL-1 PROCESS MAP 
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