Program Outcome Summary

1. Components of Civil Engineering Practice:

1a. Technical
Specific Courses: CE 2000, CE 2001, CE 2002, CE 3006, CE 3008, CE 3010, CE 3020, CE 3021, CE 3023, CE 3026, CE 3030, CE 3041, CE 3044, CE 3050, CE 3051, CE 3054, CE 3060, CE 3061, CE 3062, CE 3074, CE 4017, CE 4046, CE 4048, CE 4060, CE 4061

Structural Engineering

Performance Criteria
1. Students will be able to create an analytical model of a structure.

2. Students will be able to define the loading that must be resisted by the structure.

3. Students will be able to analyze their model based on the principles of statics, the mechanics of deformable bodies, and the linear theory of structures.

4. Students will be able to dimension structural elements based on strength and serviceability of the structure.

Specific Lessons  (Note: this is not complete)

1. Classroom lectures.

2. HW assignments.

3. Course exams.

4. Term project assignments.

Implementation Strategy

1. Establish CE 2000 and CE 2001 as fundamental courses recommended for all students as preparation for engineering practice.

2. Recommend that students take one or more additional courses that relate to the area of structural engineering.

3. Outcomes assessment data from CE 2000, CE 2001, CE 2002, CE 3006, CE 3008, CE 4007, and CE 4017.

Environmental Engineering

Performance Criteria

1. Concept of reactors (tracer analysis, E curves, efficiency)

2. Fundamental principles of chemistry

3. Fundamental principles of biology

4. Fundamental principles of hydraulics

5. Environmental impact principles

Specific Lessons

1. Tracer analysis

2. Disinfection efficiency, hardness removal

3. Biological Treatment Plant design

4. Open Channel Flow design

5. Pressure pipe flow design

Implementation Strategy
1. Students specializing in environmental engineering area should take CE 3060, CE 3061, CE 3062

Geotechnical Engineering

Performance Criteria

Specific Lessons

Implementation Strategy

Transportation Engineering 

CE 3050

Performance Criteria

1. Understand the roles of organizations involved in the design, construction and maintenance of transportation systems. 

2. Understand the functional classifications of highways.

3. Be able to perform a spot speed study.

4. Be able to perform a traffic volume study

5. Understand the interrelationship between volume, speed and capacity.

6. Be able to determine the level of service of a divided highway and a two-lane rural roadway.

7. Be able to calculate the safe speed of a curve.

8. Be able to calculate the required safe stopping sight distance.

9. Be able to design a roadway cross-section.

10. Be able to design a horizontal curve.

11. Be able to design a vertical curve.

12. Understand the basic types of intersection control.

13. Understand ways of assessing highway safety

14. Be able to perform basic earthworks calculations

Specific Lessons

1. Two or three class sessions are devoted to each of the 14 performance criteria (see syllabus).

2. At least one homework assignment is focused on each of the 14 performance criteria (see syllabus).

3. Students perform a spot-speed laboratory to address performance criterion 3.

4. Students perform a volume study laboratory to address performance criterion 4.

5. Students perform a turning movement study to address performance criterion 12.

6. Exam questions focus on each of the 14 performance criteria.

Implementation Strategy

1. Establish CE 3050 as the introductory course for transportation in civil engineering.

2. Recommend that students take additional courses in the transportation sequence if they are interested in careers in transportation related fields.

3. Review the outcomes associated with each of the 14 performance criteria and adjust the lesson plans, laboratory exercises and exams to ensure students are able to meet the performance criteria.

CE 3054: Specific Lessons:

1. Different components of hot mix asphalt, typical distress conditions in asphalt pavements, laboratory testing, different types of loading, need for more research, benefits of research.

2. Background and refining, asphalt types and uses, asphalt cement physical tests, asphalt cement grading systems, rheological properties and pavement performance, and Superpave binder tests and specifications. Specific information include discussion of emulsified and cutback asphalt, absolute and kinematic viscosity, softening point, ductility, thin film oven test, viscosity, penetration and AR grading systems, and stiffness and ductility properties affecting cracking potential of pavements.

3. Aggregate production, aggregate sampling, mineralogical and chemical properties and physical properties of aggregates. Specific information included quarry operations, aggregate mineralogy, toughness and abrasion resistance, durability and soundness, particle shape and texture, cleanliness and deleterious materials, specific gravity, size, gradation and surface area.

4. Information about history of mix design, objectives and elements of mix design, Marshall mix design method, Hveem mix design method, Superpave mix design method, examples of mix design. Specific information include laboratory compaction, weight volume relationships, voids criteria, stability, flow, background of Superpave, aggregate gradation, selection of type of asphalt and selection of optimum asphalt content.

5. Good practices for conducting experiment

6. Information about criteria for asphalt mixture tests and current tests. Specific information include ability to estimate fundamental tests, ease of testing, tests for physical properties, mechanical tests, Marshall stability, Hveem stabilometer, modulus of elasticity, resilient modulus, flexural tests.7. 

7. Information on hot mix asphalt facilities, transportation and laydown operations, compaction, specification, quality control/quality assurance.

 Specific information include typical layouts of drum and batch plants, components of plants, transport vehicles, pavers, compaction equipment, density measurement, factors affecting density, field management of volumetric properties and use of quality control charts.

8. Information on identification of distress conditions, concept of serviceability, causes of distress and remedies, special mixtures and additives, new mixtures and techniques of construction.

  Specific information include fatigue and low temperature cracking, distortion, disintegration, loss of frictional resistance, use of open graded friction course, stone matrix asphalt, and polymer modified asphalt.

9. Information about innovations and developments, accelerated pavement testing, new technology, research conducted at WPI

Implementation Strategy:


Examination, Laboratory work and Field work

CE 3051: specific lessons, implementation strategy for Outcome 1a

Specific Lessons:

1. Information about surface drainage, highway drainage structures, hydrologic considerations, hydraulic design of highway design structures, and subsurface drainage.

2. Information on soil characteristics, basic engineering properties of soil, classification of soil for highway use and soil compaction

3. Information on sources of asphalt materials, properties of asphalt binders and aggregates, volumetric properties of hot mix asphalt, mix tests, mix design methods and typical distress conditions for asphalt pavements.

4. Information on structural components of pavement, traffic considerations, material property considerations, principles of design, and practical considerations in design.

5. Information on pavement condition characteristics, measurement techniques and equipment for obtaining pavement condition data, non destructive testing, prediction of pavement condition and selection of rehabilitation strategies.

Implementation Strategy:


Homework and Examinations

Urban and Environmental Planning

Performance Criteria

Specific Lessons

Implementation Strategy

1b. Professional
Specific Courses: CE 3008, CE 3022, CE 4017.

Performance Criteria
1. Students will be aware of the main aspects of professional civil engineering practice

2. Students will be familiar with the professional obligations as they relate to the safety of designed facilities.

3. Students will be aware of the civil engineer’s contractual responsibilities in the design and construction of a facility.

CE 3008, “Design of Reinforced Concrete Structures”

Specific Lessons

The students are assigned a term project in the design of a 3-story reinforced concrete building.  In this design, they are taught how to use Building Codes and Standards, in order to compute dead, live, wind and earthquake loads.  ACI, ASCE, ANSI and Canadian Codes are used.  The students are also assigned the tasks of preparing design documents such as drawings and schedules for beams and columns.  Herein, the professional engineering requirements are used.  The ability to work with clients and architects, are emphasized in the term project.  Portland Cement Association, PCA, gives the students a design manual for the use in term project.  This is the design manual used in the field and in design offices.  A technical report is required for design and drawings.  Guest lectures are also arranged with speakers from PCA as well as PCI, Prestressed Concrete Institute.  Field trips are also organized to visit construction sites of real projects.

Implementation Strategy for Course

1. Homework problems are assigned in the term project to assess gravity and lateral loads from the professional codes for design, such as ACI, ASCE, and ANSI.

2. Guest lectures are given by PCA and PCI regional engineers.  They also give PCA and PCI manuals free to all students.

3. Field trips are organized for construction sites.  The students also enter concrete canoe design competition, regionally, in New England.

4. Lectures also are given on the assessment of dead, live, wind and earthquake loads from codes and standards.

CE 3022, “Legal Aspects in Design and Construction”

Specific Lessons

1. Regulatory, procedural and legal constraints of construction, including building regulations, forms of business organization, contracts, insurance, and construction safety.

2. Professional responsibilities and legal implications of an agreement for design and engineering services.

3. Administration of a construction contract.

4. Role of the engineer of record as an agent of the owner during construction.

Implementation Strategy for Course

CE 3074, “Environmental Analysis”

	Performance Criteria



	1. Understand environmental factors spatially

	2. Weigh spatial factors using raw data

	3. Know principles & techniques of environmental assessment

	4. Understand basics & application of hydrology

	5. Analyze environmental impact of site development

	

	

	Specific lessons



	Prepare base map

	Prpare soils map

	Prepare vegetation map

	Understand use of GIS

	Determine drainage area

	Determine intensity/duration curves 

	Determine peak runoffs- rational method

	Determine runoffs & volumes using SCS method

	Determine flood plain

	Determine adequacy of pipe/channel sizes

	Apply mitigation measures to site

	Determine erosion potential

	Prelilminary site development

	Apply BMPs

	

	

	Implementation strategy



	Homework (team)

	Exams (team and individual)

	Class discussions

	Class presentations


CE 4017, “Prestressed Concrete Design”

Specific Lessons

A term project is assigned in this course for the design of a 3-story concrete building with prestressed concrete prefabricated beams and slabs.  The assessment of dead, live, wind and earthquake loads are accomplished using Codes and Standards from professional societies, ACI, ASCE, ANSI and Canadian Building Codes.  Design and drawing documents are prepared for the construction of this building.  Guest speakers from professional societies, such as PCA and PCI are invited to give lectures on construction aspects of design, for buildings and bridges.  Rita Seraderian, Regional Director for PCI, Prestressed Concrete Institute, Chicago gives this lecture.  PCI and PCA also provide design manuals for students for the term project.  The students are required to prepare a technical report on design and drawings showing details of floor system and lateral resisting systems.  Schedules of beam and columns, as well as presressed concrete elements are included.  The students also enter a prestressed concrete beam design competition, sponsored by Uni-Stress Corporation.

Implementation Strategy for Course

1. Specific lectures are given in the assessment of gravity, wind and earthquake loads using ANSI and Canadian Codes, during the first two week of classes.

2. A technical report is required which include design and drawings and documents for construction.

3. Field trips are organized with prestressed concrete fabrications to see actual fabrication of structural elements.

4. The PCI Regional Director on the design and construction of buildings and bridges gives Guest lectures.  Students are also given PCA and PCI design manuals, for use in Term Project.

5. Students will also participate in prestressed concrete design competition sponsored by Uni-Stress Corporation.

1c. Ethical
Specific Courses: CE 1030, CE 3022, CE 3060.

Performance criteria

1. Students will be familiar with NSPE/ASCE code of ethics and will be able to relate code to case study examples. 

2. Students will be aware of client/engineer/societal roles as defined by code of ethics. 

3. Students will review case studies and be able to analyze these situations (relates to outcome 6 "ability to gather and analyze data, and apply the data to practical engineering problems"). 

Specific Lessons (CE 1030/3060)

CE 1030 and CE 3060 use the same lesson schedule as presented in the CE Ethics Web Site (http://cee.wpi.edu/ce_ethics/). CE 3060 requires students to include a section on ethics in their design project.

1. Review NSPE Code of Ethics 

a. NSPE Code 

2. Read (or video tape) case study(ies) and relate to NSPE codes 

a. Video Library 

b. Harris, C.E., M. Pritchard, and M. Rabins, Engineering Ethics - Concepts and Cases, Wadsworth Publishing, 1999 (reading assignments) 

c. Political Scenarios 

d. Technical Scenarios 

e. Other Example Scenarios 

3. Provide clear understanding or recognition of ethical dilemmas by presenting in a student context 

a. Student Scenarios 

4. Introduce rational approach for analyzing situations dealing with ethical conduct 

a. character matrix 

b. event tree 

c. predict probabilities 

Specific Lessons (CE 3022)

CE 3022 formally introduces the concepts of ethics and then refers to ethics throughout the course.

1. Review ASCE Code of Ethics 

a. Hinze, Jimmie, Construction Contracts, Chapter 21, Professional Ethics. 

2. Read case study(ies) and relate to ASCE code 

a. Walsh, K.D., Do civil engineers have an ethical responsibility to their client at the expense of the environment? , Civil Engineering, December 1995, 62-63. 

b. Pre-bid and post-bid shopping (Session on subcontracting) 

c. Design/Build and the position of professional societies (Session on alternative project delivery methods) 

d. Design fee competition (Session on contracts for professional services)
International construction. 

e. Differences in ethics (Session on International construction) 

Implementation Strategy

1. Establish CE 1030 as a fundamental course recommended for all students in preparation for engineering practice - ethical components. 

a. CE Ethics Website (used in CE 1030 and CE 3060) 

2. Recommend that students complete one or more courses in areas of civil engineering that relate to ethics: 

a. CE 3060 Project Scenario 

b. CE 3022 

3. Outcomes assessment data from CE 1030, CE 3060 project work and CE 3022: 

a. CE 1030 Outcome Assessment 

b. CE 3060 Outcome Assessment 

c. CE 3022 - discussion of class case study (on file) 

d. CE 3022 - Two exam questions, two home work assignments (on file) 

4. Other courses in the CEE Curriculum that contain ethic components include: 

a. CE 2020, CE 3008, CE 3020, CE 3021, CE 3026, CE 3041, CE 3044, CE 3050, CE 3059, CE 3070, CE 4017, CE 4046CE 4048, CE 4060

5. Obtain examples of ethical situations from Alumni Committee (placed in ethics web site)

