
1

Society of American Military Engineers
NOVA Post
1Feb 2018

Mike Carrancho, PE
Chief of Engineering & Design

Smithsonian Institution, Washington, DC



2

Smithsonian around the Globe
19 Museums, 9 Research Centers, 3 Cultural Centers + National Zoo

Museums

Research

Admin/Support/Storage

Smithsonian Facilities



Smithsonian Facilities By the Numbers

• 19 Museums + 1 Zoo

• 9 Research Centers

• 3 Cultural Centers

• 154 million artifacts

• 2 million library 
volumes

• 29 million in-person 
visitors

• 13 million square feet

• 43,000 acres of land

• 28,000 equipment 
assets

• 13,000 volunteers

• 6,675 employees

• 600 Buildings

• 300 Structures 3



4

SCHEDULE
• Exhibit Opening driven
• Open 364 Days/year

SCOPE
• Stringent Museum, Lab Conditions 
• National Historic Landmarks
• Collections – Precious, Fragile, Living
• Special Events – 1700/year
• Security – 29M visitors/year
• “Industrial Strength” Components

BUDGET
• ~$150M/year Projected over the next 10 years
• $5M/year Minor Maintenance Projects 
• Multiple fund sources – Federal, Trust, 

grant, other agencies 
• Extraordinary cost for extraordinary solutions

Smithsonian Facilities Capital Program



NATIONAL AIR AND SPACE MUSEUM 
RENOVATION

Our largest project
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National Air and Space Museum – Bldg. Facts

1958 – planned location authorized by President Eisenhower
1971 – Congress appropriated $41 million for construction
1972-1973 – design by Hellmuth, Obata & Kassabaum (HOK)
1976 – opened to the public on July 1 as part of the Nation’s Bicentennial
1995-1997 – last previous major work on stone façade
1997-2001 – skylight & window wall replacement

• Mechanical systems date to the building’s construction
• Stone façade is primary & exclusive weather barrier
• Building dimensions are (747,877 sf):

– 209 meters (685 feet) in length
– 69 meters (225 feet) in width
– 25 meters (83 feet) in height

• In parallel alignment with 
National Gallery of Art building
on opposite side of the Mall
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The need to address the façade… 
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Envelope Retrofit Planning—
Exterior Wall Assembly

• Retrofitting from the exterior required to 
provide proper detailing

• Reuse and reinstallation of of existing 
stone cladding not recommended 
 Percentage can’t be reused due to 

low flexural and anchorage strength
 Considerable amount of stone has 

limited remaining service life (due to 
warping, cracking, and stacking)

• Six cladding options explored
• Options address required blast 

reinforcement
• Options require varying levels of structural 

reinforcement
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The typical exterior wall construction consists of the following from 
exterior to interior: 
1) Stone panels with spray foam insulation on backside
2) Steel framing 
3) Air Cavity
4) Interior metal stud wall with gypsum sheathing
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The need to address the façade… 



The need to address major systems… 

FCI History
08/18/2017 02:04 PM

Date Recorded By Fiscal Year Deferred Maintenance DMFCI Current Replacement Value
11/02/2012 Daniel P Boyle 2011 $100,598,681 85% $685,744,245
09/12/2013 Forest J Brent 2012 $100,598,681 85% $685,744,245
02/12/2014 Forest J Brent 2013 $91,069,418 87% $699,457,894
09/23/2014 Forest J Brent 2014 $120,433,783 85% $776,992,151
06/22/2015 Forest J Brent 2015 $181,563,680 77% $779,243,261
09/28/2016 Forest J Brent 2016 $248,170,753 69% $801,844,113

Building System Items
08/18/2017 02:04 PM

Name
Percent 

Building Cost
Replacement 

Cost
Condition 

Rating
Deferred 

Maintenance

System 
Condition 

Index Status

Building 
System 

Class
Convey 2% $16,036,882 4 - Good $320,738 98% Active Convey

Electrical 15% $120,276,617 4 - Good $2,405,532 98% Active Electrical
Exterior 15% $120,276,617 1 - Bad $121,479,383 -100% Active Exterior

HVAC 10% $80,184,411 2 - Poor $50,516,179 37% Active HVAC
Interior 15% $120,276,617 3 - Fair $12,027,662 90% Active Interior

Plumbing 11% $88,202,852 3 - Fair $8,820,285 90% Active Plumbing
Roof/Cage 12% $96,221,294 3 - Fair $36,564,092 62% Active Roof/Cage
Structure 20% $160,368,823 3 - Fair $16,036,882 90% Active Structure

100% $801,844,113 $248,170,753 9
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The Phasing Challenge
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The Logistics Challenge
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Studying the needs

• 2013 Preliminary studies undertaken
– Envelope Study
– Feasibility Study
– Sustainability Study

• Integrated Cost/Schedule Risk Analysis 
– August 2015 Risk Assessment (Concept Design)
– Nov 2016 Risk Assessment (35% Design)
– March 2018 Risk Assessment (100% Design)
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INTEGRATED COST/SCHEDULE RISK 
ANALYSIS

Best Practice
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• Pre-requisites for Integrated Risk Analysis

– Detailed Cost and Schedule information is required

– Cost-loaded Critical Path Schedule is Developed

– Knowledgeable and dedicated subject matter experts

– Consultant expertise in conducting workshops and analysis

– Time

Assessing the needs
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The Costs
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The Schedule
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Schedule 
Improvement
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Risk Interviews

Risk Modeling and Analysis

Preliminary Risk Analysis 
Results

Risk Mitigation Workshop

Post-Mitigated Risk Analysis 
Results

Evaluation of Cost-Loaded CPM 
Schedule against GAO’s Ten Best 

Practices

Re-perform: Risk Modeling 
and Analysis

Cost-Loaded CPM Schedule

Overview of the Process
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Projecting the Impacts

Least impact Highest impactMost likely

For each risk define cost and schedule impact triangle points
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The Risk Worksheets
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The Cost Risk Drivers
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The Schedule Risk Drivers
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The Mitigation Workshops
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P-80 Cost Confidence
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P-80 Schedule Confidence
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BUILDING INFORMATION 
MODELING

Innovation
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SI Facilities Building Information Modeling

Opportunities
• Design Visualization, Early Clash Detection
• Improved Estimating and Value Engineering
• 4D Modeling in Construction Planning
• Energy Modeling
• Asset Management
• Building Automation



Matching BIM to Existing Business Processes

Project Folder 
Structure

BIM Wiki 27



BIM in Design Review

• Incorporate specific BIM 
design review capabilities

• Bluebeam, Revisto, HTC Vive

• Conducted structured virtual & 
immersive review sessions

During Design
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BIM in Construction

During Construction
• Define ‘As-Built BIM’

• Asset Management

• Integration with Computerized Facility 
Maintenance System (Tririga Facility 
Center)
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BIM in FM

Facilities Management

• Support preventative maintenance through visualization of 
work tasks and asset management

• Support emergency response through visualization of 
critical asset and shut off locations

• Use 3D for vetting new systems prior to installation - make 
sure new equipment will fit in tight space

• Integrate geospatial data into facilities mobile applications

Energy Management

• Introduce geospatial component to existing power and 
water usage analysis
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BIM to GIS

Exchange of spatial geometry + data attributes to GIS and IWMS (Tririga)

SI Revit templates organize 
data to be developed in the 
project BIM, and delivered 
to SI at project turnover, 
exported to GIS and IWMS

BIM to FM Systems: GIS

Project Architectural BIM
using SI Revit Architectural Template

SI Explorer (ESRI GIS application linked to TRIRIGA 
- spatial data system of record)

• Initially: CAD files exported 
from Revit

• Future:  Tririga BIM Integrator
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• Develop a go-to source for information about SI 
buildings 

- Highly visual, collaborative web-
based environment 

- Leveraging SI’s SharePoint 
expertise

• Provide links and information from existing SI 
sources

- Create a format that is easily 
updatable and flexible 

- Incorporate info from SI Explorer, 
CAD, BIM, Tririga, Document 
Locator, and more …

• Promote interactivity via collaborative 
technologies

- Calendaring, FAQs, videos, 
discussion forums

Value Proposition 
– Leverage additional technologies to improve information support 

BIM “Wiki”
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CLIENT FEEDBACK TOOL & CPARS

Quality

33



• 2014 Smithsonian begins transition to CPARS

• Identified Agency POC, Focal Points, etc.

• Revised processes, procedures, forms

• Developed documentation, training, website

• Trained staff & informed contractors

• Oct 2015 (FY16) Fully implemented

• CPARS first step to improve quality

Contractor Performance Assessment Reporting 
System (CPARS)
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Managing 
Expectations

The gap between expectations and 
perceptions is an opportunity

Feedback never creates problems – simply 
reveals pre-existing conditions

Expectations change, which allows for 
continuous improvement

You can’t control satisfaction, but you can 
manage expectations

Beyond CPARS - Client Expectations Surveys
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Presenter
Presentation Notes
When we’re selling the intangible – professional services like engineering, architecture, and consulting – we often get caught up in delivering what WE want to deliver, rather than what the client actually asked for. All too often, we end up delivering the Porsche when the client only asked for, and paid for, the Ford.In order to maximize the value we deliver to a client, while also maximizing the value we deliver to the organization that employs us, we need to carefully understand the balance – that perfect middle zone between meeting the client’s expectations, and not giving away too much margin. The only way to gauge where your services are tracking with the client is to ask. That’s where the Client Feedback Tool comes into play.Each question posed by the Client Feedback Tool is phrased expecting an answer of “Met Expectations.” Each question is also already pre-answered Met Expectations, in the center of the scale.This very purposeful (and patented) method brings a clarity of understanding no other type of question can reveal. Here’s how that works:First, every question is already answered “4.0 Met Expectations.” The default answer is centered. This makes it fast and easy for clients to respond, and they typically leave the answer at 4.0.If the client does want to change the score, she physically slides the gauge up or down according to her perceptions. The kinematic action removes any chance of ambiguity in the answer. If she moves the slider up, there is no doubt – something you’re doing is creating more value than expected. The score is an indicator of the degree to which you over-delivered. We see almost 20% of scores approach the top of the scale, providing frequent and clear guidance about when and where you are going above and beyond. Check your profitability on these projects, and assure you’re not over-delivering at the expense of your margins.If your client moves the slider down– there is no ambiguity. She moved the slider with intent and purpose downward. This is a clear call for help. Notice, the scale provides a very comfortable means of providing constructive criticism. Even the little things show up. As evidence, the most common low score is a 3.9. Whether that’s a little annoyance, or a timid client flagging your attention – your next step is clear. Talk to the client and figure out a way to improve the service or better manage her expectations. Or both.Practically speaking, many of the best project managers maintain high margins, satisfied clients, and scores between 4 and 5 on this scale.Remember – every client hires you expecting to be satisfied. In this way, a 4.0, a centered score, meeting expectations, is a great success. Don’t get distracted by high scores – focus on creating the right value for both your client and your firm. And always remember to follow-up and continue the conversation with your clients. 



Project Stakeholders 
receive surveys in their inbox

• Museum Directors
• Exhibit & Curatorial Staff
• Researchers & Administrators

Clients

• Safety & Health
• Security, Accessibility, Preservation
• Master Planning, M/E/P, Structural

Facilities

• Architects and Engineers
• Constructors
• Facilities Specialists

Contractors
36
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CLIENT FEEDBACK TOOL
Smithsonian Implementation of 

Design 
Manager 

Sends Survey

“Client” 
Responds

Notification 
to DM & 
Alert to 

Chief Eng

Internal 
Discussion

External 
Discussion 
(if needed)

Corrective 
Action 
Taken

THE PROCESS
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2015 – 30% Satisfied        2016 – 95% Satisfied

Unacceptable Needed 
Improvement Acceptable Met 

Expectations
Exceeded 

Expectations Excellent Exceptional

The Results
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Presenter
Presentation Notes
Evidence  of the turnaround



Questions?
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Mike Carrancho, PE
carranchom@si.edu

mailto:bellamym@si.edu
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