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Original Burials Started in 1922

National Bureau of Standards: 
Corrosion of Buried Pipe

Alexandria, VA 1922 H. K. Logan



NIST Measurements, Standards, and Data
to ensure Pipeline Integrity: PSIA 2002

• Materials performance and reliability
• Engineered fire safety for people, products, 

and facilities
• Fire fighter safety and effectiveness
• Critical Infrastructure Protection: cyber security 

of industrial control systems (SCADA)























Measurements, modeling, standards:
• Mechanical behavior of materials in service: metals, 
ceramics, polymers, composites, coatings
• Mechanical properties: impact strength, hardness
• Nondestructive examination 
• Welding
• Fracture mechanics and failure analysis – crack arrest

NIST Materials Performance Programs

NIST Role:
Integrated, authoritative, 
multi-disciplinary teams

Department of Transportation
Department of Energy
Department of Defense

Nuclear Regulatory Commission
NASA, FEMA, …

Providing assistance to



Materials Performance and Reliability:
Extreme Exposure Conditions

• Recent unfortunate events suggest that 
pipelines and facilities may be subjected to:

• High velocity impact
• Explosion
• Fire
• Fire followed by detonation
• Cyber failure or attack

• What is appropriate research to predict 
pipeline behavior and assure integrity for 
range of conditions, including LNG facilities 
and low temperature service?



NIST Facilities and Research Relevant 
to Pipeline Integrity

• Impact by projectiles, etc.
• High rate/dynamic Stress-Strain Behavior of 

Linepipe Steels 
• High rate/dynamic Behavior of Projectile Materials

• Explosions
• High rate/dynamic Stress-Strain Behavior of 

Linepipe Steels 
• Dynamic Toughness of Linepipe Steels



NIST Facilities and Research Relevant 
to Pipeline Integrity (cont.)

• Fires
• High temperature mechanical properties of 

linepipe steels
– Stress-strain behavior
– Short term time-dependent (creep) behavior

• Fires and Detonations
• All of the above and High Temperature 

Dynamic Toughness



NIST investigating behavior of projectiles that 
might be used to compromise integrity

Very high rates can 
be studied at 
NIST Kolsky Bar 
Facility



Strategy to Reduce Fire Losses

Reduce residential fire deaths, injuries and property losses by
• adapting measurement and predictive methods to better understand

conditions leading to flashover, 
• enabling early and certain fire and environment sensing, 
• advancing cost-effective fire suppression technologies; and 
• enabling new/improved materials whose fire resistance does not negatively 

impact performance, cost, or the environment.
Home smoke alarm evaluation High throughput 

screening methods 
for fire retarded 
nano-composites



Strategy to Reduce Fire Losses

Reduce fire fighter line-of-service deaths and burn injuries by 
• providing new technology, measurement standards, and training tools; 
• enabling shift to an information rich environment.

Fire Dynamics Simulator 
and Smokeview Software 
used to analyze fire 
events, firefighter training 

Fire scene knowledge-
enhancement



• Task 2 – Document failure          
mechanisms and damage 

•Contractor visual inspection of 
steel and analysis of failures 
completed; report drafted
• Extensive analysis by NIST of 
steel

failure mechanisms analyzed 
and documented

repeated patterns of 
fracture/failure analyzed

failures mapped on structure

• Photographic evidence 
enhanced and compared with 
recovered steel.
• Report being drafted

National Building and Fire Safety Investigation of the 
World Trade Center Disaster
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Original Image – North Tower, North Face
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Broken Bolt Connection

Column or Spandrel Cut
Longitudinal Weld Failure
Unknown
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Broken Bolt Connection

Column or Spandrel Cut
Longitudinal Weld Failure

Panel Junction
UnknownPhoto © 2001. Roberto Rabanne/CORBIS
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Material properties have been supplied for: 
• all structural steels (29 steels), bolts, and welds
• thermal expansion, thermal conductivity, elastic, plastic, creep,…

as function of stress, temperature, and time 



Pool Fire Simulations

Small-scale

Large-scale



NIST Strengths Related to 
Pipeline Safety

• Large-scale fire experiments and measurements

• Simulating gas and liquid fuel sprays at all 
scales

• Simulating jet fires, pool fires and buoyant 
smoke plumes

• Simulating building/wildland fires

• Linking models of vastly different length scales 

• Predicting/measuring thermal radiation, and 
smoke and aerosol characteristics

• Training first responders



Critical Infrastructure 
Protection: Cybersecurity

• The (US) National Plan for Information 
Systems Protection and other reports cite 
industrial control systems as critical points of 
vulnerability in America's utilities and 
industrial infrastructure... 

Electric power — Water — Oil & Gas 
Chemicals — Pharmaceuticals 
Mining, Minerals & Metals
Pulp & Paper — Food & Beverage
Consumer Products
Discrete Manufacturing 

(automotive, aerospace, 
durable goods)



NIST Program on Critical Infrastructure 
Protection: Cyber and SCADA 

• Long-term Objective: Integrate security 
engineering into the industrial automation life 
cycle, including design, implementation, 
configuration, maintenance and decommissioning

• Outcome: Reduced likelihood of successful 
cyberattack on the nation’s critical infrastructure

• NIST Role: Work with industry to develop 
standards and test methods for validation and 
conformance



Process Control Security 
Requirements Forum (PCSRF)

Immediate Goal:
Increase the security of industrial process control 
systems through the definition and application of a 
common set of information security requirements for 
these systems.

Process

Control

Security

Requirements

Forum

Based on NIST and NSA work 
to develop the ISO 15408 

Common Criteria for IT Security 
Evaluation



PCSRF Website
http://www.isd.mel.nist.gov/projects/processcontrol



NIST Measurements, Standards, and Data
to ensure Pipeline Integrity

• Materials performance and reliability
• Engineered fire safety for people, 

products, and facilities
• Fire fighter safety and effectiveness
• Critical Infrastructure Protection: 

cyber security of industrial control 
systems


