
Civil and Mechanical Systems (CMS) Division

Mission, Vision, and Strategic Directions (4/5/01)

MISSION: 

The mission of CMS is to provide a fundamental and quantitative underpinning for the professions of civil and mechanical engineering in application to mechanical systems and the built environment, and to support the rapid development and deployment of new knowledge and technology in service to society.  

CMS will invest in the discovery, adaptation, and utilization of scientifica and engineering knowledge to enable the continued intellectual growth in the disciplines of construction, geotechnology, structures, dynamics, sensors and control systems, engineering mechanics, and materials, as well as the reduction of risks induced by earthquakes and other natural and technological hazards. 

At the heart of the mission of the CMS Division is improved understanding and design of materials and structures across all physical scales, with the eventual goal of seamless and realistic modeling of different scales from nano-level to mega-system integration-level.  These scales are defined in Fig. 1, together with examples of CMS research foci at each scale.
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Fig. 1. Physical Scales in Civil and Mechanical Systems

VISION (FY02-FY07):  CMS program directors will make creative use of all modes of funding available in the support of research on new tools, emerging technologies and innovative materials.  CMS will increasingly support multi-investigator and cross-disciplinary research efforts, and will strongly encourage larger and sustained research efforts through the ERC and STC programs.  CMS will strongly support continued involvement of undergraduates and teachers in research, and will support and encourage the integration of research and education in the careers of students and faculty.  

Key research areas which will receive increased CMS funding during the period 2002-2007 include:

· Nanoscale and Microscale Science and Engineering

· Information Engineering

· Behavior of Complex Systems

· Environmental Design and Technologies

· Urban and Civil Infrastructure Engineering

· Hazards and Extreme Events Research

The CMS Division will focus on these key areas through its six programs, five in research and one an equipment program.  The research programs are: (1) Dynamic System Modeling, Sensing and Control (DSMSC), (2) Geotechnical and GeoHazards Systems (GHS), (3) Infrastructure and Information Systems (IIS), (4) Solid Mechanics and Materials Engineering (SMME), and (5) Structural Systems and Engineering (SSE).  In addition, CMS manages a Major Research Equipment (MRE) project, the Network for Earthquake Engineering Simulation (NEES).  

Selected examples of how these programs will contribute to progress in the key areas are briefly described in the remainder of this document.  Projected spending levels for FY 2001 - FY 2003 for these CMS areas are shown in the attached table.

STRATEGIC DIRECTIONS: 

1. Nanoscale and Microscale Science and Engineering:  Goal:  to invest in research that generates a fundamental understanding of nanoscale processes and structures that underpin the emerging properties of nano- and micro-engineered materials and devices, that develops the capability to simulate material and surface behavior at the nano- and micro-scales, and that supports the development of new materials and sensing devices for use in civil and mechanical systems.

· Simulations/modeling - merging of experimental and computational modeling and design at the nano-scale, materials property modeling from ab-initio calculations and molecular dynamics

· Nano- and thin-film mechanics/materials - materials properties at the nanoscale

· MEMS, sensors and sensing systems - distributed self-organizing elements that can be used for physical measurements over geographic distributions, new sensors for the built and natural environments

· Smart materials/nano- and micro-structures

2. Information Engineering:  Goal - to invest in research that provides the structure for and that enables the mining of databases constructed from observations and measurements, and to develop analytical, stochastic, process, and visualization models of the performance of civil and mechanical systems.

· Technologies and software needs for database (and metadatabase) creation, curation, and management

· Development of empirically-based stochastic approaches for CMS design and performance assessment

· Real-time integration and interpretation of sensed data from CMS systems

· Process modeling, including financial engineering, scalable enterprise systems and construction management

· Whole system integration that lends real intelligence and autonomy to constructed components, machines and systems

3. Behavior of Complex Systems:  Goal - to invest in research that enables development of tools, metrics, and models necessary for our critical infrastructure and service delivery systems to be less vulnerable to attack, interference, and compromise in performance and service to society.

· Real-time observation of complex and coupled systems under all levels of loading and environmental conditions.  

· Merging theory and experimentation with advanced computation, producing hybrid models of system behavior that incorporate visualization and global communications

· Develop control theories that are efficient for complex systems for which optimization involves conflicting objectives.

· Decision processes for the design, construction, and performance of systems (esp. urban) - including input from social science and policy

· Smart sensor strategies for deployment and efficient querying

.

4. Environmental Design and Technologies:  Goal - to invest in research that includes knowledge of costs to create or construct, to maintain, and to dispose of materials and components of civil and mechanical systems, and that includes level of performance, deterioration, and environmental impact integrated into engineering design. 

· Full-life-cycle integrated engineering design and management of infrastructures, including durability of materials and components and socio-economics

· Analysis and development of components and machines for decreased energy and resource consumption

· Surface engineering - coatings allow concentration of the needed properties only in the surface where they are needed while the remainder of a component can be selected for other reasons, such as low cost or weight.

· Engineering the indoor environment for people (including housing, office, and public spaces).

· Non-invasive sensing and other technologies for full and efficient disclosure of subsurface materials and distributions, coupled with reliable methods for in situ remediation and improvement of subsurface conditions, including geotechnical and geo-environmental aspects.

5. Urban and Civil Infrastructure Engineering:  Goal - to invest in research that enables creation of civil and mechanical infrastructure systems of high reliability, designed level of performance, decreased life-cycle cost and environmental impact, and to be able to efficiently construct these systems at any location needed with quality assurance and managed risk.

· Self-sensing (including nondestructive testing) and networked innovative structural elements and systems that provide improved in-service performance and control, durability, strength and stiffness and better constructability.

· Development, constitutive characterization, and application of new and advanced construction materials and processes for repair, retrofit, and rehabilitation of infrastructure components.

· New sensing technologies for performance monitoring and nondestructive condition assessment of structures and infrastructure systems.

· Creation of holistic performance-based design involving engineering, improved understanding of infrastructure operating conditions, and socio-economics to integrate risk, performance, and cost.

· Vulnerability analysis when information, spatial distribution and physical system functions introduce complexities and interferences.

· Develop system models, strategies for sensor system deployment, and real-time data acquisition and visualization for infrastructure performance analysis and prediction.

6. Hazards and Extreme Events Research:  Goal - to invest in research that enables the public and the nation to better prepare for and mitigate against impacts from extreme events and natural and technological hazards

· Develop integrated approaches to multi-hazard science and engineering, including design and risk management for extreme events (e.g., earthquakes, hurricanes, tornadoes, floods, landslides, and tsunamis).  

· Integrated civil engineering, financial engineering, risk assessment, and socio-economic impacts integrally into the decision making made before, during, and after disasters, including improved loss estimation methodologies for use in large urban areas.

· Use of emerging technologies such as GIS and image simulation to determine systems vulnerabilities under risk of extreme events.

· New computational models and experimental testing using to refine and validate simulation tools developed for prediction of civil and mechanical systems under extreme event loadings.

· Develop and implement new large-scale structural design concepts and control devices and system for extreme event loadings.

· Development of reconstruction strategies through synthesis of experiences learned from damaging extreme events.

· Complete construction of and enable full utilization of the NEES collaboratory by researchers, practitioners, and the interested public.

CMS: Projected FY 2001 - FY 2003 Funding by Major Research Topics

(Million Dollars)

Key CMS Investment Area
FY01
FY02
FY03

Nanoscale and Microscale Science and Engineering
4.2



Information Engineering
4.3



Behavior of Complex Systems
3.0



Environmental Design and Technologies
3.2



Urban and Civil Infrastructure Engineering
7.6



Hazards and Extreme Events Research
12.5



Total in Key Investment Areas
34.8



Total CMS Research Budget
50.1



Network for Earthquake Engineering Simulation
7.70
28.14
24.40
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