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ARCH 631. Topic 4 Reading Notes

Beams are simple and common to construct, but have the more complex load-carrying actions than
trusses or cables

Beams commonly are used in a hierarchical arrangement with planar surfaces of decking or planks
supported at intervals by members (joists) with larger spans which can be supported by other
members (girders) and the loads to each increase progressively; three levels are typically the
maximum; one and two levels are common

Increase in length does not give a direct proportional increase in depth
Stresses are a function of distribution of cross section area; deeper tends to be better

Primary design variables are magnitudes of the loads, distances between the loads, the support
conditions (important); end restraints make the beam stiffer

Vertical members can behave as beams because they are bending; curved members may also bend
and are designed as beams

Internal forces in beams are primarily bending moments and shear forces which ensure equilibrium;
generated through shear and bending stresses

Under bending, the deformations horizontally vary in a linear way with maximum elongation on the
faces; the layer with no deformation is the neutral axis and corresponds to the centroid

For linear-elastic materials, the strains result in linear distribution of bending stress from the neutral
axis

The tensile and compressive stresses result in the internal bending moment
Bending stress is a function of the vertical distance and cross section shape: f = My/I

Shear stresses within the cross section result in the internal shear, while there are also shear stresses
acting horizontally

Besides considering stresses from bending and shear, beam design must consider bearing stress,
torsional stress, combined stress, the shear center of the cross section, principal stress, and deflection

Bending stress doesn’t depend on the material

Little f refers to actual stress, while big F generally refers to a limit or allowable stress which
depends on material

With an increase in moment and distance from the neutral axis, the bending stress increases
With an increase in moment of inertia, the bending stress decreases

The maximum bending moment occurs at the outer fibers of the beam, distance of ¢

For a rectangular cross section, f = M/(bh?/6) or M/S where S = bh?/6

For design, the maximum bending stress occurs at the maximum moment and cannot exceed the
design limit or it is termed overstressed and unacceptable

Doubling the depth decreases bending stress by a factor of 4 (depth is squared in the denominator)
| (moment of inertia) is defined as integral over the area of y? (second moment of an area)
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Centroid location is defined by the integral of the average area center over the area = 0 (which means
the first moment of the area above the centroid equals the first moment are of the area below the
centroid)

Centroid is obvious in a symmetrical shape

The Parellel-axis Theorem is used to determine moment of inertia for a shape with holes or built-up
from basic shapes

When a shape is not symmetrical top-to-bottom, the maximum stress occurs at the furthest distance
away from the neutral axis

A composite is a member mate of multiple materials that work together to carry loads (like
reinforced concrete)

For allowable stress design, the section modulus required is a function of the maximum moment and
the allowable bending stress for the material; Syequires = M/Fp; Where S = I/c

If a beam with varying bending moment is to have a constant cross section, the maximum bending
moment must be used for design; but depths can be tapered for a well=defined bending moment
distribution

Lateral buckling of a beam is an instability duce to compressive stresses in the upper region of the
beam (for positive bending) and can be prevented by making the beam stiff in the lateral direction or
by transverse bracing

The horizontal planes of a beam have a tendency to slide such that horizontal shear stresses are
developed which are a result of unequal bending stresses along the length of the beam

Shear stress is zero at the free surfaces and increases at the neutral axis for a constant cross section
from the expression f, = VQ/Ib (Q is first moment arm, b is width)

Shear stress for a rectangular beam f, = (3/2V)/A
Shear stress for a wide-flange beam f, = V/Aye, = V/td

Bearing stress is compressive stress developed at the contact area between two loaded members;
common at supports f, = P/A

Torsion stress results from twisting moment or torque z= Mr/J (circular shape) which looks like
f = Mc/l; specific equations are given for rectangular shapes, thin-walled tubes that are open or
closed

Vertically unsymmetrical shapes will twist under bending and shear through the shear center found
from geometry and the shear flow; loading through the shear center won’t twist

For a simply supported beam, increasing w or L increases the deflection; increasing | or E decreases
the deflection

Deflection equations have L raised to some power, so deflections are very sensitive to length
Deflections can be reduced by constraining the supports

The limit for beam deflection is not always obvious, but should not interfere with other building
elements; common to see limits as L/#

The interaction of shear stresses and bending stresses result in resultant of principal stresses
(maximum tensile and compressive stresses at other angles from the axis)
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Stress trajectories are lines showing the direction of principal stress

Finite element methods allow for investigation of stresses of complex models by discretizing the
shape into small elements and enforcing stress relationships and geometric constraints

Beam design depends on methodology but finds the size and shape based on maximum internal
forces and acceptable deflections

Maximizing | with minimizing area results in the wide-flange shape (flanges resist bending while the
web resists shear stresses)

Beam design can also vary the material properties, like the strength of the laminates in glu-lam

Beam design can also vary the depth to correspond with the bending moment diagram (considered
efficient to reduce material where not necessary)

Moving support locations or changing boundary conditions reduce the magnitudes of the bending
moments or change their distribution; overhangs on one or both ends do this by changing some of
the positive moment into negative moment — section size can be smaller

Positions of overhang supports common referred to as the 1/5 point (both ends) or 1/3 point (one
end)

Statically determinate beam reactions/forces are independent of the cross section or material

Statically indeterminate beams (constrained or continuous) are dependent on the cross section and
material for the sizes of the reactions and forces; tend to be more rigid and have smaller moments

Disadvantage of indeterminate beams is sensitivity to support settlements and thermal effects which
cause redistribution of maximum stresses

Effective length is the equivalent span of a simply supported beam (between 0 moments / points of
inflection)

Moment distribution method was popular hand calculation method to determine moments in a
statically determinate beam; now we have computer methods (matrix analysis or finite element)

Approximate analysis methods rely on generally locating the points of inflection and solving
statically knowing there is zero bending moment there

MULTIFRAME, like other programs, requires the material and cross section to analyze a statically
indeterminate structure

Changing the beam stiffness (El) over the length has the effect of changing the location of the points
of inflection

Support settlements can induce curvature in a beam, resulting in changing the bending stresses
(usually increasing them)

Cable supported beams have a system of compression struts and cables; the positive moments
increase while the negative moments over the intermediate supports decreases; deeper struts
generally make for a stiffer support condition

Partial-loading conditions can result in an increase in the maximum positive moment in a continuous
span from a continuously loaded member; the maximum negative moment changes too

Critical loading conditions are those that produce the maximum deflection and maximum values for
design



