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The American University in Cairo
School of Sciences and Engineering
Mechanical Engineering Department
MENG 453 — Finite Element Method & Applications in Design

Problem Sheet # 3
Instructor: Prof. A.S. Wifi

A three-member truss structure is shown in Figure P34 with corre-
sponding node and element numbering for a finite element model.
Elements 1 and 2 are aluminum, and element 3 is steel. The cross

-gection areas are 1.5 sq. in. for element 1 and 1.0 sq. in. for

elements 2 and 3. Determine the displacement of node 2 and the
stresses in each member. Solve by use of a computer program and
by hand calculation. Report in a neat and concise informal engi-
neering communication.  Please include the hand calculated
structure stiffness matrix in its full (8 by 8) and reduced form.
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B Figure P34,
Design a cantilevered boom to support the loads shown in the
figure. All members are steel with a cross section area of 1 5q. in.
The material has an allowable stress of 20 kpsi. First determine if
the design is satisfactory as illustrated. Next redesign the structure
within the geometric boundaries shown and the same allowable
stress. A redesign may change the member arrangements, eliminate
members, or change cross section areas, Orne of the re-design goals
should be to reduce the overall weight of the structure. Determine

a suitable cross section shape to prevent buckling for each member
in compression,
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The boxcar lift has a design capacity of 40 kips. The L-shaped
member connected at D and E provides a required clearance. All
members have a cross section area of 4 sq. in. and are UNS G10100
hot rolled steel. Occasional overloads are causing the L-shaped
member to yield and fail. Separate analysis of the L-shaped
member shows that the member can carry an 80 kip load along the
line from D to E. What total structure load will produce an 80 kip
load on the L-shaped member? What redesign would you propose
that could provide an increase of at least 20 percent in the current
factor of safety? Notes: The L-shaped member is not connected to
member BE at its mid point. The axial stiffness of the L-shaped
member along the line from D to E is about 20 percent of the
stiffness of a straight member with a 4 sq. in. cross section. .
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Flgure P3- 5,

The truss bridge in the figure is constructed of six 18 ft. partitions.
The loading shown is the most severe condition of service,
Determine the best steel section(s) to use for the members. Use
both stress ‘and buckling criteria. You may wish to repeat the
analysis with a beam element model after study of the next chapter,
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