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ATTACHMENT 1

Demand Procedure

The following procedure, utilizing the superposition principle, illustrates one method that can be
used to compute superstructure moment and shear demands at the extreme seismic limit state.
This limit state is reached when all potential plastic hinges have formed in the supports below the
joint regions, and considers the effects of dead, secondary prestressyand seismic loadings. This
procedure considers each of the three load cases on a stand alopé€basis, and the final limit state
results are obtained by the superposition of the individual lo must sum to a state of
equilibrium.

“earthquake moment” applied to the superstruc
the overstrength moment capacity of the c
“pre-load” moments and the direction of

ding on the direction of these
consideration. Consequently,

shears are related, the shg@r demands at the extréme seismic limit-state can also be found using
this procedure.

In order to provide clari
free-body diagy
bending mome
specific loading

superstructure moment and shear forces are distributed uniformly to each girder, and substructure
moments and shears are distributed equally to each column. Moments and shears due to dead
loads are shown in Figure 1.
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Figure 1 - Longitudinal D Mome d Shears

Step 2: Determine Prestress ry Moments and Shears

Secondary prestress moments an

incorporating prestress effe
M, in the superstructure a
of the superstructure/suppo
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e. These moments are denoted as M",,, M",, and
ectively. Equilibrium must be satisfied at the c.g.
@eg, + Mr@s, + M@, = (). Moments and
Figure 2. Moment and shear forces are distributed
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Figure 2 - Longitudinal Prestress Secondary Moments and Shears
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Step 3: Determine Earthquake Moments and Shears

The purpose of this step is to determine the forces in the superstructure induced by seismic
loading. All potential plastic hinges must form in the columns due to the combination of dead,
prestress secondary, and seismic loads. Therefore, the maximum seismic load to which a structure
can be subjected is a lateral load when combined with the moments,and shears due to dead load
and prestress load would induce column forces equal to theirgverstrength capacities. The
moments and shears induced by the seismic load in the co en distributed to the
adjacent superstructure members.

(a) Determine the Moments and Shears Due to
Ensure that Potential Plastic Hinges have F e Columns of the
Framing System

To form a plastic hinge in the colum must produce a moment at the
potential plastic hinge location of, hen combined with the dead
load and prestress moments, th ch overstrength plastic moment capacity,
Mcol0

Let the moment at the top of the ¢ n (at soffit interface) generated by the seismic
force be denoted at superposition principle, Meol@soffit = pfeolasoffi,
+ Meerasenit, + Mfeldsani  The earthquake’moments can then be calculated as Mo/,

= Mfeol@soffit _ Jfeolt .. Moments and shears for this load case are shown
in Figure 3.
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Figure 3 - Longitudinal Earthquake Moments and Shears
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(b) Determine the Earthquake Moments and Shears in the Superstructure

The moments and shears determined previously in (a) are then transferred to superstructure
members. Several analysis techniques can be used to distribute the column earthquake
moment and shear demands to the superstructure. If a moment distribution or a frame
analysis method is used, the superstructure can be modeled as a continuous beam. A

and shears in the superstructure.

Static non-linear “Push-over” frame analysis program
to distribute the earthquake moments and shears into
method described above.

Step 4: Compute the Moment a
Investigated

ear and at the Section Being

The limiting seismic moment and shear dema
moments and shears computed i
and the effective section widthimust be taken into acCount. The superstructure demand moments
are defined as M), = M"y and M, = MRy + MR, * + ME,,. for the left and
i stress moment demands in the superstructure are
within the effective section width. The earthquake

the superstructure is the summation of all the
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Figure 4 - Longitudinal Free Body Diagram of Joint Forces
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