Program Outcome Summary

5. Understanding of Engineering Design Process

5a. Ability to Perform Design
Specific Courses: CE 2000, CE 2001, CE 2002, CE 3006, CE 3008, CE 3010, CE 3050, CE 3051, CE 3054, CE 3060, CE 3061, CE 3062, CE 3074, CE 4017, CE 4046.

Performance Criteria

The students should demonstrate an understanding of the ability to design a system and its components using fundamental principles of civil engineering and some aspects of engineering projects.

1.   
Students can systematically decompose a problem into smaller problems.

2.   
Students can use principles of mechanics and stress analysis to design components and systems to satisfy constraints for strength and safety.

3.   
Students are aware that design solutions are often standardized due to regulatory guidelines, specifications, best practices and professional consensus.

4.   
Students are aware that design features strongly influence the time and cost of implementation.

CE 2000,  “Analytical Mechanics  I”

Specific Lessons

This course has term projects with design activities. Design is used as a means to integrate fundamental courses to civil engineering practice in upper level courses. The lessons focus more on items 1 and 2,  above.

Implementation Strategy

Lectures and term projects have small design activities to show a simple design of a building, bridge or its components and other systems.

CE 2001, “Analytical Mechanics II”

Specific Lessons

This course has term projects with design activities. Design is used as a means to integrate fundamental courses to civil engineering practice in upper level courses.  The lessons focus more on items 1 and 2, above.

Implementation Strategy

Lectures and term projects have small design activities to show a simple design of structures and their components.

CE 2002, “Introduction to Analysis and Design”

Specific Lessons

This course has term projects with design activities. Design is used as a means to integrate fundamental courses to civil engineering practice in upper level courses.  The lessons focus more on items 1 and 2, above.

Implementation Strategy

Lectures and term projects have small design activities to show a simple design of systems and components. Loads such as gravity and lateral loads are included, and their effects on design parameters.

CE 3010, “Introduction to Structural Systems Design”

Specific Lessons

This course has term projects with design activities. Design is used to unify the concepts learned in the fundamental courses with upper level courses. The design projects in this course cover all four issues, shown above. Design of timber systems and components are studied. Cost considerations are included in design.

Implementation Strategy

Lectures and term projects emphasize the integration of all four issues mentioned above.  Design of system and its components is emphasized with due consideration given to gravity and lateral loads and their effects, using timber as a material. Design specifications are introduced, for standards in design.
CE 3006, “Design of Steel Structures”

Specific Lessons

This course has term projects with design activities. Design is used to unify concepts learned in the fundamental courses with upper level courses. The design projects herein cover all four issues, shown above. Design of structural steel elements and components is emphasized, with its connections. Cost issues are included in design.

Implementation Strategy

Lectures and term projects include all four items shown above. Gravity and lateral loads such as wind and earthquakes are included in design. Design specifications are introduced and cost considerations are taken into account in term projects. Guest lectures are arranged with field trips to construction sites. 

CE 3008, “Design of Reinforced Concrete Structures”

Specific Lessons

This course has a term project with design aspects of an office building. Design is used to unify concepts learned in the fundamental courses with upper level courses. Design project includes all four issues, shown above. Design of reinforced concrete elements, such as beam, slab, and columns, is examined herein. Some concepts of system design optimization are introduced with cost as a constraint.

Implementation Strategy

Lectures and term project combine all four issues, shown above. Gravity and lateral loads are introduced in design of an office building, using computer aided stress analysis. The design is optimized to satisfy drift and cost considerations. Guest lectures are arranged with field trips to construction sites. Portland Cement Association provides design manuals for student. Codes and standards are introduced in design project.

CE 4017, “Pre-stressed Concrete Design”
Specific Lessons

This course has a term project with design aspects of an office building. Design is used to unify concepts learned in the fundamental and upper level courses. Design project includes all four issues, mentioned above. Design of pre-stressed concrete elements, such as beams, columns and slabs is studied herein. Concepts of system design and optimization are introduced with cost as a constraint.

Implementation Strategy

Lectures and term project combine all four issues, shown above. Gravity and lateral loads are introduced in the design of an office building, using computer aided stress analysis. The design is optimized to satisfy drift and cost constraints. Guest lectures are arranged and field trips to construction sites or fabrication plants for pre-cast elements. PCI provides design manuals for students. Codes and standards are introduced in design project.

5b. Multidisciplinary Aspects

Specific Courses: CE 3020, CE 3023, CE 3070, CE 3074, CE 4071.

Performance Criteria

1. Understanding of the multi-disciplinary process that is needed to develop civil engineering products.

2. Understanding of the different sectors that comprise the construction industry (engineering, construction, government, developers, etc.).

3. Understanding of the link between planning, engineering, construction, and facility operation.

4. Understanding of the main functional systems of a building.

5. Understanding of the interfaces between building systems and parts.

6. Understanding of the principles and techniques involved in assessing areas of the natural environment and their suitability for specific uses.

7. Awareness of the complex range of problems and issues that affect civil engineering projects.

CE 3020, “Project Management”

Specific Lessons

Lectures, videos, field trips and guest speakers present:

1. The uniqueness of civil engineering projects as a product; the engineering process that is needed to develop this product.

2. Project markets (public and private) and final functions (industrial, infrastructure, commercial and residential).

3. Sectors that comprise the industry (engineering, construction, government, developers, etc.).

4. Management of planning, engineering, construction, and facility operation activities.  Cost, Time, Quality, Safety, Environmental Impact and Litigation Avoidance are the main variables emphasized in the management process.

5. Construction documents (plans, technical specifications and general conditions).

Implementation Strategies for the course

The structure of CE 3020 has been designed to develop the students’ awareness of the multidisciplinary aspects of civil engineering design throughout the entire course.  Several activities during the course work in the “background” of the course.  Specific components are:

1. Video “Skyscraper”

2. Term project

3. Use of a webpage with large content of photographs of construction activities and links to active construction sites such as the Central Artery Project and local MQP’s work sites (Davis Hill and Mayo Schools in Holden, etc.).

CE 3023, “Architectural Engineering Systems”

Specific Lessons

1. Lectures illustrate different types of foundations, structural systems, cladding systems, roofing and waterproofing, interior finishes, HVAC systems, plumbing and fire safety systems through drawings, slides and videos.

2. Class presentation and demonstration of orthogonal projections, floor plans, elevations and cross sections, scale representation and dimensioning of drawings.

3. Construction details of complete exterior walls (e.g., brick veneer, supports, waterproofing, insulation, windows, caulking and drywall) are presented and illustrated in class.

4. The various components of a steel stair are reviewed.  Different methods for supporting flights and landing are discussed according to the masonry or steel structure of the building under consideration.

Implementation Strategies for Course

1. Direct questions during class sessions.

2. Exams.

3. A small commercial building is presented as a term project that consists of a progression of graphic representations at different scales.  Every student drafts plans for the foundations and structural systems of the project.

4. Students are required to draw several cross-sections of an exterior wall and roof, and framing and connection details of steel stairs.

CE 3070, “Introduction to Urban & Environmental Planning”

Specific Lessons

Lectures, class discussions, and reading assignment present topics in planning theory and practice and planning vs. scale (levels of intervention).

Implementation Strategies for Course

1. Mini-projects.

2. Exams.

CE 3074, “Environmental Analysis” 

Specific Lessons
1. Surface water flowage as related to the range of environmental considerations and problems, at various scales.

2. The principles and techniques involved in assessing areas of the natural environment.

3. The applications of this assessment to determine the inherent suitability of the areas for various urban and resource-based uses and facilities.

Implementation Strategies for Course

1. Homework assignments.

2. Exams.

CE 4071, “Land Use Planning and Development”
Performance Criteria

1. Students will understand how the development of land use is controlled by a variety of factors in our democratic society:

                                    The Land Development Process

Concepts on Use & Enjoyment of Private Land

Nuisances

Private Law re. Land Development Plans

The Planning Process, the Master Plan & Official Map

Property Rights, Police Power & Takings

The Basics of Zoning

State & Regional Planning

Supreme Court Cases

Zoning - How Flexible?

Zoning & Variances

Special Permits

Nonconforming Uses/Structures

Subdivision Regulation

Exclusionary Zoning

Growth Management

Public Purpose & Land Use

Preservation (Aesthetics & Historic) and Urban Design

Preservation: Natural Resources

Regulation of Environmentally Critical Areas

Concepts of Sustainable Land Use

2. Students will understand the development of land use law, from early common law through the precedent setting cases by the US Supreme Court.

3. Students will be able to apply knowledge of land use law to site development.

4. Students will be able to search out and read state statutes and case law.

Specific Lessons

1. At least one class is devoted to each of the above factors affecting land use development.

2. The structure of the course is to follow the development of the factors affecting land use, from early common law and property rights to the impact of technology on land use and the need for trade-off of individual property rights for the common good.

3. Through a series of nine mini-papers and site development problems, the applications of these factors

       are examined.

4. Using Lexus-Nexus on the Library web site, a chronological development of court decisions is read.

Implementation Strategy

1. A sequential development of land use planning law and development, with assigned reading done before class discussion of the subject matter; the class is a seminar where every student is expected to contribute to the discussion.

2. Homework: nine mini-papers and site development problems.

3. Two exams.

Implementation Strategies

1. Recommend that students take CE 3020.

2. Recommend that students complete one or more courses that significantly address the multidisciplinary aspects of design, particularly CE 3023, CE 3070, and CE 3074.

3. Generate outcome assessment data from CE 3020, CE 3023, CE 3070, and CE 3074.

5c. Collaboration Skills

Specific Courses: CE 1030, CE 3020, CE 3026, CE 3054, CE 3062, CE 4060, CE 4061.
Performance Criteria

1. Students should learn how to organize themselves into a task-oriented team.

2. Students should perform activities and projects in groups.

Specific Lessons

1. In CE 1030, “Civil Engineering And Computer Fundamentals,” students form teams and complete a number of projects in groups, including:

a. Spreadsheets – groups present a proposal for an engineering job.

b. Ethics Teams – groups analyze an ethics case and present their results.

c. Materials Teams – groups conduct a laboratory experiment and report their results.

d. Construction/Structures – groups design and build a spaghetti bridge and prepare cost estimates.

2. In CE 3020, “Project Management,” lectures and the video “Skyscaper” present project management topics including planning, scheduling, organization, leadership, trust, project team development, division of work, and conflict resolution.  Students work in groups to complete homework assignments, class presentations, and a term project.

3. In several laboratory courses (CE 3026, “Construction Materials,” CE 3054, “Asphalt Technology,” and CE 4060, “Environmental Engineering Laboratory”), students work in groups to perform laboratory activities and write laboratory reports.

4. In CE 3062, “Hydraulics,” teams of three students work together on three design projects and prepare reports summarizing each project.

5. In CE 4061, “Hydrology,” students work in groups to complete two projects.

Implementation Strategies

Group projects, presentations and reports.

5d. Communication Skills

Specific Courses: CE 1030, CE 3020, CE 3026, CE 3054, CE 3060, CE 3062, CE 4046, CE 4048, CE 4060, CE 4061, CE 4071.

Performance Criteria

Students should have the written, oral, electronic, and graphical communication skills necessary to succeed in a professional environment.  Performance criteria associated with these skills are separated into categories for written communication and oral communication. Electronic and graphical communication skills are considered to be inherent to written and oral communication skills, and are not addressed separately here.  The criteria for written and oral communication are as follows:

1. Written communication  

a.Students can prepare professional reports that effectively present their results, analyses, and recommendations from short-term in-class laboratory, design and analysis projects.  

b.Students can prepare professional reports that effectively present results from long-term investigations and engineering projects (e.g. Sufficiency, IQP and MQP). 

1. Oral communication  

a.Students can communicate effectively in a variety of environments (including both formal and informal settings)

b.Students can also organize and present their material in a professional manner.

Specific Lessons

1. In many courses, (CE 1030, “Civil Engineering And Computer Fundamentals,” CE 3020, “Project Management,” CE 3062, “Hydraulics,” CE 4048, “Earth Structures,” and CE 4061, “Hydrology”) students make presentations in class and write project reports, individually or in teams.

2. In several laboratory courses (CE 3026, “Construction Materials,” CE 3054, “Asphalt Technology,” CE 4046, “Experimental Soil Mechanics,” and CE 4060, “Environmental Engineering Laboratory”), student groups submit laboratory reports summarizing their methods, results, analyses, and conclusions.

3. In CE 3060, “Water Treatment Design,” each student submits an engineer’s report with design calculations for each treatment unit of a conventional water treatment plant (as part of the term project).

4. In CE 4071, “Land Use Planning and Development,” students are expected to discuss aspects of legal cases in class and complete nine short papers on various topics.
Implementation Strategies

In-class presentations and written reports in many classes (as noted in specific lessons)

Evaluation of communication skills in CE 1030

Evaluation of MQPs during periodic MQP review

Evaluation of MQP presentations by faculty and other constituent groups on MQP presentation day

5e. Consideration of Cost

Specific Courses: CE 3020, CE 3021, CE 3050, CE 3051, CE 3054.

Performance Criteria

1. Understanding of the significance of cost to a civil engineering project.

2. Ability to estimate the costs of a project.

CE 3020, “Project Management”

Specific Lessons

Lectures and the video “Skyscraper” discuss topics of budgeting, cost estimating, and tracking and control.

Implementation Strategies for the course

The term project includes cost estimating in preparing a bid package.

CE 3021, “Cost Estimating, Scheduling and Project Control”

Specific Lessons

1. Introduction of fundamental concepts and processes by which the cost of civil engineering projects are established.

2. The importance of decisions made at the early stages of design on final project cost.

3. Estimating the cost of civil engineering projects at different stages of design development.

4. Use of commercial software for cost estimating and control.

Implementation Strategies for the course

1. Laboratory exercises (in-class assignments), some using computer software, include problems and questions directly related to the lectures.

2. Weekly quizzes.

3. The term project exposes students to the implications of cost estimating on decision-making in design.

CE 3050, “Introduction to Transportation”

Specific Lessons

1. Level of service (LOS) of roadways – includes a discussion of how cost constrains the LOS provided.

2. Highway safety – includes a discussion of cost effectiveness of safety measures.

3. Earthwork calculations – balancing cuts and fills to reduce construction costs.

Implementation Strategies for the course

Homework assignments and exams.

CE 3054, “Asphalt Technology”

Specific Lessons

Mix design of hot mix asphalt – includes a discussion of how mix design affects cost.

Implementation Strategies for the course

Laboratory activities and exams.

5f. Consideration of Time Management

Specific Courses: CE 3020, CE 3054.

Performance Criteria

1. Understanding of the significance of time to a civil engineering project.

2. Ability to schedule project activities effectively.

CE 3020, “Project Management”

Specific Lessons

1. Lectures and the video “Skyscraper” discuss time management, activity scheduling, quantification of time, and time-cost tradeoff.

2. Use of the software application “Primavera Project Planner” for activity scheduling.

Implementation Strategies for the course

1. Homework assignments.

2. The term project includes the preparation of a project schedule using Primavera Project Planner.

CE 3054, “Asphalt Technology”
Specific Lesson:

Good practices for conducting experiment and finishing research study/tests on time.

Implementation Strategy:

Laboratory work and preparation of report on evaluation of properties of asphalt binder, aggregate and hot mix asphalt.
