Consulting Structural Engineering Scenario 1 – Geometry, Designing a Gangway
Prepared By:   W.J. Cichanski, PE, KPFF Consulting Engineers, Inc.

Introduction for Math Teachers

This scenario will:

Introduce students to mathematical applications in the structural engineering field


Give practice in interpreting technical diagrams


Give practice in performing geometric calculations 


Give practice in performing trigonometric calculations
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This problem requires the student to read and understand maps and diagrams that depict geometric arrangements and dimensions of structures.  Concept design sketches are provided to assist the student in solving the problem.  These sketches depict a floating dock to be constructed in the Thea Foss Waterway in Tacoma for the upcoming Tall Ships 2008 event.  Access to the floating dock is by way of aluminum gangways that have the capability to compensate for tide changes in the waterway.  The City of Tacoma has established that at least one of these gangways must provide access to disabled persons, including those in wheel chairs.   In addition to providing gangways that are wide enough to accommodate wheel chair access, the gangway must be long enough to assure that the slope of the gangway at tidal extremes is less than specified values for wheelchair access.  The problem asks that the student solve various geometric and trigonometric relationships to determine the required length of the gangway to meet American Disability Act (ADA) regulations, and to further determine the dimensions required for a portion of the floating dock.
Glossary of Terms

Datum - A fixed reference point about which other dimensions or distances are quantified.  Dimensions or distances may have either positive (+) or negative (-) values relative to the datum point.

Elevation – The vertical distance (+) or (-) to another location relative to the fixed datum. 

Tide – The elevation of the waterway surface relative to a fixed datum (may be + or -).

Freeboard – The distance to the top surface of the floating dock as measured from the water surface.

Slope – The ratio of the change in elevation relative to the change in map distance.

Introduction

The Tall Ships 2005 event held in Tacoma on the Thea Foss Waterway was a huge success, except for one issue.  None of the gangways that provided public access to the temporary floating dock met the Americans With Disabilities Act (ADA) slope requirements throughout the full tidal range.  The gangways were too short, and therefore the slope of the gangways only met the ADA requirements during average tide levels, but not at the lower extremes.  People in wheelchairs could not access the docks.

You have been selected to determine how long the north gangway should be to provide ADA compliance for the gangway slope over the full tidal range. 

Your calculations are critical because once you have determined the required gangway length, that dimension will establish the final offshore location for the floating dock.

The Structural Engineering Industry

A Structural Consulting Engineering firm is generally classified as a “service” business.  The company not only consults with its clients in the initial development of a construction project, it provides the design documents required for the project’s completion.  The design must meet all client specifications, building codes and other requirements.  Clients may be building owners, private real estate developers, governmental agencies, professional architects, professional engineers, construction contractors, and others. 

Students interested in careers in this business must develop proficiency in mathematics as well as facility in communications skills.  Such skills are especially important in a consulting engineering firm, as not only must engineers have the ability to solve problems using his knowledge in math and technical skills, he must be able to communicate to his clients clearly his reasoning and solution.

Educational requirements at the entry level in this career include a minimum of a Bachelor or Science degree in Engineering.  Depending upon the type of structures being designed by specific engineering firms, a Master of Science degree may also be required.  Accredited universities and colleges offering these degrees commonly require students to have demonstrated mathematics proficiency in courses such as calculus, analytical geometry, differential equations, and probability theory.

Participants in a Typical Structural Consulting Engineering Design Project Scenario

A typical consulting engineering design scenario includes a number of interacting participants as follows:
Principal in Charge (PIC) -- Under Washington State law, the PIC must be a licensed professional engineer who is responsible for the entire design and must assure that the design meets all applicable building codes.  This is the person who personally affixes his or her professional engineering “seal” to the design documents.  By State law this is the individual who is labeled “In Responsible Charge” of the design.

Project Manager (PM) – The PM is also a licensed professional engineer who serves in the role of lead technical design manager in the office on a day-to-day basis. The remainder of the design team reports directly to the Project Manager.  Project Managers typically have ten or more years of design experience. In addition to leading the activities of the design group, the Project Manager will also be responsible for all communications between the design firm and the client (including contract management and billings, and marketing consulting firm services).  

Design Engineer (DE)  – A typical design team assigned to the Project Manager will have several design engineers.  The level of work related experience within the group of design engineers varies from none (a recent degreed graduate) to perhaps as much as 30 years or more (some individuals prefer to remain in the role of design engineer rather than assume the management duties of a Project Manager).

CAD Technician – The CAD (Computer Aided Design) Technician is primarily responsible for creating the actual engineering drawings that define the design and construction requirements for the project.  The CAD Technician also provide a wide variety of support to assure that the geometry of the structure depicted on the drawings matches the survey requirements for the project.
The typical process in a design project includes the following tasks:

· A completed structure generally consists of many individual parts.  The end product consists of design drawings, contract specifications, and an engineers’ estimate of the probable construction cost.  The Principal in Charge (PIC) and the Project Manager (PM) are responsible for the entire design, whereas the Design Engineer (DE) is primarily responsible for the design of parts of the structure.  The CAD Technician is responsible for completing the computer aided design drawings that clearly depict the design to be constructed.  

· The PIC and the PM develop all of the information needed by the DEs for their design work, such as the overall size of the completed structure, how much load it is required to carry, and by what building code it is to be designed.

· The DEs are responsible for completing the detailed design for each of the structural parts using the criteria established by the PIC and PM.

· The DEs are also required to determine the strength requirements for the materials used in constructing the structural parts that they design.  In general, higher strength materials will increase the resulting construction cost, so care must be taken to provide the most cost effective structure at all times.   

· The design of a structure is generally an iterative or repetitive process, because each part must meet all the requirements of the whole finished structure in terms of client requirements like strength of materials, cost of the project, building codes, etc.  Because of this iterative process, all participants on the design team must understand each other clearly and have good communication skills as well as technical skills.

How Long is the Gangway?
The City of Tacoma and the Foss Waterway Development Authority have retained your engineering firm to design a floating dock on the Thea Foss Waterway.  It must be constructed to be available for use when the City hosts the Tall Ships 2008 event.  A site plan illustrating the general arrangement of the floating dock is provided.  The 1200 foot long floating dock is accessed by the public from shore by way of three aluminum gangways that are hinged at the shoreline and are supported on the top deck of the floating dock by rollers.  This arrangement allows the gangways to continuously rotate to allow for tide changes in the waterway.  

The Tall Ships event is expected to draw a very large number of visitors, and therefore must accommodate disabled individuals to the maximum extent possible.  The Americans with Disabilities Act (ADA) requires various levels of compliance, including controlling the slope of public access corridors. Accordingly, the gangway identified as the “north gangway” on the site plan drawing is chosen to comply with the ADA slope by establishing the length of the gangway to allow wheel chair access during large tidal fluctuations.  This is done by making the gangway sufficiently long so that it has a gentle slope during tidal fluctuations. 

The second drawing illustrates a cross section of the planned floating dock at the north gangway.  Vertical distances are determined by a geometric survey, and dimensions are given in decimal feet.  In addition, the tidal range in the Thea Foss Waterway is also illustrated in decimal feet.  It is important to note that both the tidal information and the survey information have the same “zero” datum (reference point).  This reference point is identified as the MLLW (mean lower low water) datum. Elevations for this design can vary between positive and negative values as they vary around the MLLW datum.  Plus and minus signs are used to differentiate between positive and negative elevations.

The shore side of the gangway is located where the top of the walking surface is at elevation +15.0 feet.  The offshore end of the gangway is located as shown on the second drawing and it rolls on a widened portion of the floating dock.  The floating dock has a “freeboard” of 2.0 feet which means that the top surface of the dock is 2.0 feet above the water line.  The extreme high tide is expected to be at an elevation of +14.3 feet, and the extreme low tide is expected to be at elevation   – 4.30 feet.    

The ADA requirements for the gangway slope require that the slope not exceed a ratio of 1:12 (one vertical to twelve horizontal). 

Instructions to the Design Engineer (DE):

The following information is required to complete the design:

1. Determine the length of the gangway walking surface that will allow compliance with the ADA slope limit when the tide is – 4.30 feet.

2. At what tide will the gangway walking surface be level (no slope)?

3. When the gangway is level, the center of the roller at the offshore end is located 5.0 feet from the shore side face of the floating dock as shown on the drawing.  What additional floating dock width is required so that the center of the gangway roller will be not closer than 6 inches from rolling off of the back of the floating dock when the tide is at elevation – 4.30 feet.

4. Present your calculations and any hand drawn sketches you used to arrive at your answers at a meeting with your project manager (PM) and the City of Tacoma project manager.  Be prepared to describe your solutions.

Note:  Use units of decimal feet (for example, 12.50 feet) rather than feet and inches (12 ft., 6 in.) when solving these questions.

