Program Outcome Summary

3. Understanding of Basic Principles of Civil Engineering.

3a. Computers and Information Technology
Civil engineering principles included in this category: Computers and information technology.
Specific Courses: CE1030, CE 2002, CE 3006, CE 3020, CE 3021, CE 3026, CE 3030, CE 3054, CE 4048.

Performance Criteria

Students demonstrate the ability to use computers and Information Technology in the solution, documentation and communication of planning, engineering and management related problems.

Specific Lessons

1. CE1030: Use of spreadsheet, word processors, internet,  presentations and structural design software

2. CE 2002: using software as a tool for structural analysis and design.

3. CE 3006: using software to

a. Evaluate serviceability performance of structural members and systems.

b. Establish suitable member sizes for framing a multi-story building based on strength and serviceability criteria.

c. Present, compare, and use the results from parametric studies for decision making.

4. CE 3020: using Primavera Project Planner software for project management.

5. CE 3021: using Timberline software for project scheduling, cost estimating and cost control.

6. CE 3026: ??

7. CE 3030: two- and three-dimensional AutoCAD commands.

8. CE 3054: data analysis.

9. CE 4048: computer use to investigate seepage problems (SEEP program) and for stability analysis of a slope (STABGM program).

Implementation Strategies for Courses

1. CE1030: Use of Excel, PowerPoint, Word, and the West Point designer in the solution of problems and the  presentation and reports of class and homework problems

1. CE 2002: Use of structural analysis software in homework assignments (Type B HW sets).

2. CE 3006: Use of electronic spreadsheets to compile and present results from laboratory activities.  Use of structural analysis software to analyze multi-story rigid frames for term project.

3. CE 3020: Use of Primavera Project Planner is required for some homework problems and project work.

4. CE 3021: Use of Timberline software and electronic spreadsheets is required for some homework problems and project work.

5. CE 3026: ??

6. CE 3030: Assignments and term project focus on using AutoCAD.

7. CE 3054: Use of software for data analysis.

8. CE 4048: Two term projects, one using the SEEP program and the second using the STABGM program.

Implementation Strategy for Outcome

1. Establish CE1030 as a fundamental course recommended for all students

2. Departmental support in the acquisition, use and training of software applications  in specific areas of civil and environmental engineering

3. Constant departmental communication and interaction with the WPI Information Technology group

4. Encourage faculty in the use of computers and Information Technology to support classroom, homework and project activities

3b. Geographic Positioning and Measurements

Civil engineering principles included in this category: Surveying, Development of design documents.
Specific Courses: CE 2020, CE 3023, CE 3030, CE 3050, CE 4046.

Performance Criteria

Students understand the physical attributes of their civil engineering solutions and designs, and they can communicate their solutions as required to implement the solutions in the field.  Performance criteria associated with these skills are separated into categories for geographic positioning (or surveying) and spatial representation.  The criteria for these two categories are as follows:

1. Geographic positioning:

i. Students are aware of coordinate systems for establishing geographic position

ii. Students can make use of basic field instruments to establish location and elevation

iii. Students understand measurement error and accuracy

iv. Students understand various techniques for developing and interpreting maps 

v. Students have an awareness of techniques for electronic data transfer and geographic processing

2. Spatial representation

i. Students are aware of the graphic techniques (e.g. engineering drawings, etc.) for representing and communicating the results of their engineering analyses and designs

ii. Students are aware of current tools for computer aided design (CAD)

iii. Students can prepare effective drawings and graphics as required to illustrate how an engineering solution will appear 

CE 2020, “Surveying”

Specific Lessons

1. Lectures discuss: the theory of measurement, distance measurement, taping corrections, leveling, angles and directions, transits and theodolites, angles, traversing, topographic surveys, electronic distance measurement, GPS, land and property surveys and construction surveys.

2. Laboratory sessions involve pacing, taping, leveling, and angle measurements.

Implementation Strategies for Course

Homework and lab calculations use data collected in the field.

CE 3023, “Architectural Engineering Systems”

Specific Lessons

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

2. Construction details of complete exterior walls are presented and illustrated in class.

3. The various components of a steel stair are reviewed.

Implementation Strategies for Course

1. 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.

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

CE 3030, “Engineering CAD”

Specific Lessons

1. Introduction to the graphical representation of a site plan as well as different types of construction and building systems, through the process of learning 2-dimensional and a brief introduction of 3-dimensional commands in AutiCAD.
2. Examples of site plans, structural foundation plans, floor plans, orthographic projections, isometric and basic 3d models.
Implementation Strategies for Course

2. Assignments where students learn AutoCAD commands and produce plans, projections, and models.

3. A final project consists of a design of a site plan, foundation plan and floor plan.

4. Final exam.

CE 3050, “Introduction to Transportation”

Specific Lessons

Lectures and reading assignments present the following topics:

1. Calculating the safe speed of a curve.

2. Calculating stopping sight distance required.

3. Design of a roadway cross-section.

4. Design of a horizontal curve.

5. Design of a vertical curve.

6. Earthwork calculations.

Implementation Strategies for Course

Homework assignments and exams.

CE  30784, “Environmental Analysis”

	Performance Criteria



	1. Understand how to read maps & plans

	2. Understand how to plot spatial material

	3. Understand how to evaluate environmental values

	4. Apply spatial analysis to range of environmental factors

	5. Understand mitigation measures

	

	Specific lessons



	Prepare series of maps and plans using raw data

	Using scale factors and color spectrum, plot spatial data

	Prepare cumulative environmental sensitivity plan

	Dettermine environmental impact of site development

	Apply BMPs to site development

	

	Implementation Strategy



	Homework (team)

	Class discussions

	Class presentations


CE 4046, “Experimental Soil Mechanics” – relevant?
Specific Lessons 

How to write a professional engineering report for a project whose design solution requires and utilizes laboratory data.

Implementation Strategies

Term project.

3c. Solid (Structural) Mechanics

Specific Courses: CE 2000, CE 2001, CE 2002, CE 3006, CE 3008, CE 3010, CE 3026, CE 3041, CE 3044, CE 3054, CE 4017, CE 4048.

Performance Criteria

1. Students will be able to distinguish between statically determinate and statically indeterminate systems.

2. Students will construct free-body diagrams and perform force analysis of truss, beam, and frame systems.

3. Students will be able to explain the concepts of elastic modulus, yield strength and poisson’s ratio and their application to structures.

4. Students will apply the concepts of equilibrium and stress to the design and evaluation of structural members and components of statically determinate truss and beam systems.

Specific Lessons

1. Classroom lectures in CE 2000 and CE 2001 present:

a. Statically determinate and statically indeterminate systems.

b. Free-body diagrams and force analysis of truss, beam, and frame systems.

c. Elastic modulus, yield strength and poissons ratio, and their application to structures.

d. Applying concepts of equilibrium and stress to the design and evaluation of structural members and components of statically determinate truss and beam systems.

2. Classroom lectures in CE 2000 and CE 2001 present:

a. Constructing free-body diagrams to investigate external reactions and internal force conditions.

b. Basic engineering terminology used in the study of material behavior: stress, strain, and Hooke’s Law.

c. Constructing shear and bending moment diagrams for statically determinate beams and planar frames.

d. Using the principle of virtual work to analyze statically determinate and indeterminate planar frames.

e. Qualitative and approximate techniques for the analysis of statically indeterminate planar frames.

f. Using Moment Distribution to analyze continuous beams and planar frames.

g. Design of a planar frame based on the concepts of allowable stress.

h. Evaluating shear stresses and deformations in circular shafts subjected to torsion.

i. Effects of torsion on members with non-circular cross-sections.

3. Lectures in CE 3006, CE 3008, CE 3010, and CE 4017 build upon student background in structural mechanics to present topics in design of structural steel-frame structures, reinforced concrete structures, wood-frame structures, and prestressed concrete structures, respectively.

4. Lectures and laboratory activities in CE 3026 explore topics in structure and mechanical properties of materials:

a. Structure, chemistry, surface interaction, and physical properties.

b. Stress-strain, stiffness, proportional limit, yield, ultimate strength, fracture strength.

5. Lectures in CE 3041 include concepts of friction, material failure laws, upper and lower bound stability analysis, and a review of many aspects of CE 2000 and CE 2001.

6. Lectures in CE 4048 include material failure laws, plastic equilibrium, and stability under static and dynamic conditions.

7. Lectures in CE 3044 present topics including retaining structures and foundations.

8. Lectures and demonstrations in CE 3054 discuss characterization tests for hot mix asphalt.

Implementation Strategies for Courses

1. All courses include homework assignments and exams.

2. Many courses (CE 2000, CE 2001, CE 2002, CE 3010, CE 3054, CE 4017) include term projects.

3. Laboratory activities and reports in CE 3026, CE 3054.

Implementation Strategies

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 3010, CE 4007, CE 4017, and MQPs.

3d. Soil Mechanics

Civil engineering principles included in this category: Soil mechanics, Groundwater flow.
Specific Courses: CE 3041, CE 3044, CE 3051, CE 4046, CE 4048.

Performance Criteria

1. Students will understand basic principles of soil mechanics.

2. Students will understand groundwater flow.

CE 3041, “Soil Mechanics”

Specific Lessons

1. Soil formation and classification.

2. Effective stress principles.

3. Fluid flow through porous media.

4. Deformation and shear characteristics of soil.

5. One-dimensional consolidation theory.

6. Stress distribution within soil masses produced by surface loading.

7. Lateral earth pressure.

8. Slope and foundation resistance to shear failure.

Implementation Strategies for Course
Assigned problems, quizzes, and exams.

CE 3044, “Foundation Engineering”

Specific Lessons

Soil-structure interaction aspects of the design of foundation elements:

1. Obtaining and selecting appropriate design soil parameters.

2. Design of shallow foundations.

3. Design of rigid and flexible retaining structures.

4. Design of deep foundations.

Implementation Strategies for Course
Assigned problems, quizzes, and exams.

CE 3051, “Introduction to Pavement Materials, Design and Management”

Specific Lessons

Soil mechanics in design and construction of pavements.

Implementation Strategies for Course

Homework, exams, and notebook.

CE 4046, “Experimental Soil Mechanics”

Specific Lessons

Lectures, demonstrations and laboratory activities explore standard laboratory soil tests and soil behavior.  Topics include specific gravity, grain size, Atterberg limits, one-dimensional compression and consolidation, compaction, shear strength, strength testing, and permeability.

Implementation Strategies for Course

Laboratory activities and project report; exams.

CE 4048, “Earth Structures”

Specific Lessons

Application of the concepts of soil mechanics to the analysis and design of structures composed primarily of soil.  Topics include:

1. Mechanics of confined and unconfined flow through mixed or homogeneous isotropic or anisotropic soils.

2. Soil stabilization.

3. Controlling highway embankment settlement using granular or geosynthetic wick drains.

4. Shear strength of soils.

5. Analysis and design of soil slopes.

Implementation Strategies for Course

Homework problems, exams, and two term projects, one dealing with the use of supplied finite element software to investigate a seepage problem, the other dealing with analysis of a slope using supplied computer software.

3e. Fluid Mechanics / Hydrology

Civil engineering principles included in this category: Fluid mechanics, Tracer analysis, Fundamental hydraulics, Open channel flow, Dimensional analysis and hydraulic modeling, Pumps and pump systems, Hydrograph analysis, Groundwater flow.
Specific Courses: CE 3041, CE 3051, CE 3062, CE 4048, CE 4061.

Performance Criteria

1. Students understand the concepts of fluid pressure and use these concepts to determine pressure forces on submerged structures

2. Students can apply conservation of mass principles 

3. Students can apply conservation of momentum principles

4. Students understand conservation of energy principles and can apply these principles to piping systems and other fluid mechanics systems.

Implementation strategy

1. Establish ES 3004 as a fundamental course recommended for all students

2. Recommend that all students complete one or more other courses in the area of environmental engineering

3. Outcomes assessment from ES 3004, CE3041, CE3051, CE3062, CE4048, and CE4061

Assessment methods

3. Course exams for ES 3004

4. Course materials from upper-level CEE courses (including CE 3059, CE 3060, CE 3061, CE 3062, CE 4060, and CE 4061) 

5. Faculty observations and reflections from CE 3059, CE 3060, CE 3061, CE 3062, CE 4060, and CE 4061 

CE 3041, “Soil Mechanics”

Specific Lessons

Lectures include minimization of energy and use of “head” as a measure of energy in fluid flow, seepage through porous media and flow net analysis.

Implementation Strategies for Course

Homework problems and exams.

CE 3051, “Introduction to Pavement Materials, Design and Management”

Specific Lessons

Basic principles of pavement drainage.

Implementation Strategies for Course

Homework, exams, notebook.

CE 3062 “Hydraulics”

Specific Lessons

Fluid mechanics review, flow in open channels, wastewater flows and measurement, pumps, water supply systems.

Implementation Strategies for Course

Homework, quizzes, two group projects, and at least one field trip.

CE 4048, “Earth Structures”

Specific Lessons

Lectures include advanced concepts in groundwater flow through anisotropic and non-homogeneous soils.  Use of numerical methods for analysis, such as finite difference and finite element techniques, are presented.

Implementation Strategies for Course

Homework problems, a term project dealing with seepage, and exams.

CE 4061 “Hydrology”

Specific Lessons

The hydrologic cycle, precipitation, streamflow, infiltration, evaporation, transpiration, rainfall-runoff relationships, hydrograph analysis, hydrologic modeling, river and reservoir routing, surface water flow.

Implementation Strategies for Course

Homework, quizzes, two group projects, and at least one field trip.

3f. Design

Civil engineering principles included in this category: Limit states design, Constructibility, Building codes and specifications, Structural design, Ethics and business practice, Nature of civil engineering services, Principles of professional standards and ethics, Visualization of loading within a structure, Development of design documents, Geometric design, Principles of design.
Specific Courses: CE 2000, CE 2001, CE 2002, CE 3006, CE 3008, CE 3010, CE 3023, CE 3026, CE 3030, CE 3044, CE 3050, CE 3051, CE 3054, CE 3061, CE 3070, CE 3074, CE 4017, CE 4046, CE 4048.
Performance Criteria

1. Understanding of limit states design, 

2. Understanding of constructibility, 

3. Understanding of building codes and specifications, 

4. Understanding of structural design, 

5. Understanding of ethics and business practice, 

6. Understanding of the nature of civil engineering services, 

7. Understanding of principles of professional standards and ethics, 

8. Ability to visualize loading within a structure, 

9. Understanding of the development of design documents, 

10. Understanding of geometric design, 

11. Understanding of principles of design.

Specific Lessons

1. CE 2000, CE 2001, and CE 2002 discuss structural design based on the concepts of allowable stress.  CE 2000 presents the design of statically determinate planar trusses, CE 2001 presents the design of beams and long and short columns, and CE 2002 presents the design of planar frames.

2. CE 3006, CE 3008, CE 3010, and CE 4017 discuss structural design, focusing on four different construction materials.  Common topics include:

a. Introduction to building codes, standards and specifications.

b. The effects of gravity and lateral loads such as wind and earthquake, and their influence on design parameters and variables.  Drift and cost constraints.

c. Critical structural performance issues associated with the design of members; selection and evaluation of members.

d. Design of connections.

e. Serviceability performance of structural members and systems.

f. Design issues: flexure, shear, anchorage, creep, etc.

g. Impact of construction and economic factors on selection of member sizes and the design of connections.

3. CE 3023: Visualization of loading within a structure.

4. CE 3026: The role of construction materials in civil engineering applications; structure and mechanical properties of materials; concrete mix design.

5. CE 3030: Producing site plans, structural foundation plans, floor plans, orthographic projections, isometric and basic 3D modeling.

6. CE 3044: Economics and design of a field and laboratory exploration and testing program, design of shallow and deep foundations, and design of rigid and flexible retaining structures.  Codes and OSHA regulations are discussed as appropriate.  

7. CE 3050: Design of roadway cross-sections, horizontal and vertical curves, and intersections.

8. CE 3051 and CE 3054 discuss pavement design.  CE 3051 presents the design of flexible and rigid pavements and the use of bituminous materials in design of pavements; CE 3054 presents mix design of hot mix asphalt.

9. CE 3061: Wastewater reactor design and performance; treatment operations and systems.

10. CE 3070: Urban design; making decisions that will lead to a higher quality of life.

11. CE 3074: Potential impacts of altering the natural systems; mitigating measures.

12. CE 4046: Applying laboratory data to the solution of a typical earth structure design problem.

13. CE 4048. Design of highway embankments, soil slopes, earth dams and waste containment fills, using principles of soil mechanics.

Implementation Strategies for Courses
Homework assignments, projects, and exams.

3g. Construction Materials

Civil engineering principles included in this category: Materials science, Physical properties of materials, Concepts of durability.

Specific Courses: CE 3026, CE 3041, CE 3051, CE 3054, CE 4048.
Performance Criteria

1. Understanding of the fundamentals of materials science.

2. Understanding of physical properties of materials.

3. Understanding of concepts of durability.

CE 3026, “Construction Materials”

Specific Lessons

1. The role of construction materials in civil engineering applications.

2. Structure of materials: structure, chemistry, surface interaction, physical properties.

3. Mechanical properties of materials: stress-strain, strength, stiffness, toughness, ductility.

4. Concrete materials: cement chemistry and microstructure, concrete properties, strength and mechanical properties, durability, physical and chemical degradation.

5. Wood materials: structure, chemical and physical behavior, mechanical properties, chemical and physical durability, structural considerations.

6. Metals: structure, mechanical properties, corrosion, civil engineering applications.

7. Asphalt materials: chemical and physical structure, mix design.

Implementation Strategies for Course

1. Homework and exams.

2. Laboratory activities and reports.

CE 3041, “Soil Mechanics”

Specific Lessons

Introduction to clay mineralogy and colloidal chemistry.  Variation of soil properties with time.  Introduction to concepts of the mathematical theories of elasticity and plasticity.

Implementation Strategies for Course

Homework, quizzes, and exams.

CE 3051, “Introduction to Pavement Materials, Design and Management”

Specific Lessons

Bituminous materials for design and construction of pavements.

Implementation Strategies for Course

Homework, exams, and notebook.

CE 3054, “Asphalt Technology”

Specific Lessons

Lectures and laboratory activities explore asphalt cement, mineral aggregate, and hot mix asphalt design and production.

Implementation Strategies for Course

Laboratory activities and reports, projects, and exam.

CE 4048, “Earth Structures”

Specific Lessons

Behavior of compacted soils and double layer theory for compacted clays.  Soil stabilization techniques.  Analysis and design of highway embankments, slopes, dams and waste containment fills composed of soils, geosynthetics and rock.

Implementation Strategies for Course

Homework assignments, projects, and exams.

3h. Systems Analysis

Civil engineering principles included in this category: Systems analysis, Probabilistic methods, Management science and organization science, Electrical circuits and thermodynamics, Traffic engineering, Highway capacity, Highway safety, Principles of production, Quality control, Ideal reactors, Reactor efficiency evaluations, Hydrologic cycle and its components, Probability and statistics, Hydrologic modeling and rainfall/runoff relationships, Reservoir routing and reservoir yield.

Specific Courses: CE 3050, CE 3061, CE 3070, CE 4061.

Performance Criteria

1. Fundamental understanding of systems analysis.

2. Fundamental understanding of probabilistic methods.

3. Fundamental understanding of management science and organization science.

4. Fundamental understanding of electrical circuits and thermodynamics.

5. Fundamental understanding of traffic engineering, highway capacity, and highway safety. 

6. Fundamental understanding of principles of production.

7. Fundamental understanding of quality control.

8. Fundamental understanding of ideal reactors and reactor efficiency evaluations.

9. Fundamental understanding of the hydrologic cycle and its components, hydrologic modeling and rainfall/runoff relationships.

10. Fundamental understanding of probability and statistics.

11. Fundamental understanding of reservoir routing and reservoir yield.

CE 3050, “Introduction to Transportation Engineering”

Specific Lessons

Topics in traffic engineering, highway capacity, and highway safety are presented in lectures and reading assignments, including:

1. How to perform a spot speed study.

2. How to perform a traffic volume study.

3. How to calculate the safe speed of a curve.

4. How to calculate stopping sight distance required.

5. Using traffic flow models to understand the interrelationship between volume, speed and capacity.

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

7. Ways of assessing highway safety.

Implementation Strategies
Homework assignments and exams.

CE 3061, “Waste Water Treatment” 

Specific Lessons

Lectures and demonstrations present:

1. Wastewater characteristics and analyses.

2. Kinetic expressions and mass balances for wastewater reactors.

3. Gravity separation of suspended material from wastewater.

4. Mass transfer phenomena in aeration.

5. Fundamentals and application of aerobic biological treatment.

6. Fundamentals of anaerobic processes and application to wastewater treatment.

7. Theory and practice of disinfection as applied to wastewater.

8. Filtration concepts for wastewater treatment.

Implementation Strategy for course

1. Presentation of examples by the instructor during class, with discussion.

2. Homework assignments and two exams

3. A course project (preparation of a design manual on a specific wastewater treatment operation). 

CE 3070, “Urban and Environmental Planning” 

Specific Lessons

Lectures and group discussions cover the following topics: quality of life, history and trends in urban and environment activities, planning theory and practice, planning vs. scale / levels of intervention, single-purpose planning, and comprehensive planning.

Implementation Strategy for course

1. Reading assignments and five mini-projects.

2. Two exams.

CE 4061, “Hydrology” 

Specific Lessons

1. The hydrologic cycle; precipitation, streamflow, infiltration, evaporation, transpiration.

2. Rainfall-runoff relationships; the rational method.

3. Hydrologic modeling; the HEC1 Model.

4. Reservoir routing.

5. River routing.

6. Probability basics and distributions.

Implementation Strategy for course

Homework, two group projects, field trips, and quizzes.

3i. Engineering Economics and Risk Management
Civil engineering principles included in this category: Engineering economics, Quality control.
Specific Courses: CE 3020, CE 3021, CE 3044, CE 3050, CE 3054, CE 4046, CE 4048.
Performance Criteria

1. Fundamental understanding of engineering economics.

2. Fundamental understanding of quality control.

Specific Lessons

1. Topics in CE 3020 include:

a. Time value of money: cash flow diagrams; interest, inflation and real rates; discounted cash flow methods.

b. Short-term and long-term costs and benefits of civil engineering projects.

c. Evaluating alternatives related to civil engineering projects in economic terms.

d. Quantifying the effect of risk in the evaluation of economic alternatives.

2. Topics in CE 3021 include financial analysis, cost accounting, cost control, and operating and maintenance costs.

3. Topics in CE 3044 include costs of field and laboratory tests, the amount of money usually available for field and laboratory exploration and testing, and the impact that the amount and type of available soil data has on the selected target safety factor for the foundation design.  The ways that the total cost of exploration and testing plus the construction cost is related to minimizing risk are explored.

4. Topics in CE 3050 include: 

a. Quantifying and measuring highway safety to determine the cost effectiveness of design alternatives.

b. Performing earthwork calculations to minimize material costs.

5. Topics in CE 3054 include mix design of hot mix asphalt – relevance??

6. Topics in CE 4046 include economic considerations of planning a laboratory testing program.

7. Topics in CE 4048 include the relation between the amount and type of available soil data on the reliability of a designed slope.  In contrast to a building foundation (whose construction cost varies linearly with safety factor with respect to shear), the fact that the construction cost of a designed slope varies logarithmically with safety factor is demonstrated.  Economic design of slopes with due regard for reliability is discussed.

Implementation Strategies for Courses

1. In CE 3020, students must demonstrate minimal competency at basic engineering economics by getting at least 70% of the possible points on related exam questions and term project components.

2. CE 3021 includes homework assignments, labs, quizzes, and a term project.

3. CE 3044 includes assigned problems, quizzes and exams.

4. CE 3050 includes homework assignments and exams.

5. CE 3054 includes laboratory activities and reports, two projects, and a final exam.

6. CE 4046 includes laboratory activities, project report, and exams.

7. CE 4048 includes assigned problems, two projects, and exams.

