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B. TOPICS ADDRESSED
Chord-splice calculations.
C. DETAILS OF THE STUDY

Jacobs Engineering located unchecked computation sheets related to the design of
connections among the main truss members of the I-35W bridge, and provided these
computation sheets to the Safety Board in July 2008. The computation sheets are attached
as Appendix C; page numbers indicate that some pages are missing, and several of the
pages are marked VOID. The computation sheets included calculations to determine the
number of rivets needed to connect the members and the rivet patterns to be used, along
with calculations to evaluate the stresses in the splices between the chord members.
These chord-splice calculations were used in part to size the gusset plates at the joints.
The designations for the different grades of steel referred to in the computation sheets
indicate that these calculations were performed for the preliminary design of the bridge; the
evolution of the choices of materials used for the design of the bridge are documented in
Materials Laboratory Study Report 08-074.

In this report, the methodology used to size the gusset plates in the unchecked
computation sheets is described, and the calculations performed for the preliminary design
of the bridge are recomputed. The same methodology is then used to evaluate the final
design of the I-35W bridge. The final design differs from the preliminary design evaluated
in the computation sheets in that, for specific structural elements, the member design loads
changed, the gusset and splice plate materials changed, and the gusset plate and splice
plate thicknesses changed. The purpose of the calculations is to determine the maximum
stress (direct tension or compression stress, plus bending stress) in the top or bottom
plates used to splice the chord members, for comparison against an allowable stress.
Figure 1 shows an example of the geometry investigated, using the arrangement at node



Report No. 08-103
Page No. 2

U10, with an end view of the plates that connect the chord members. The chord members
are typically connected by two internal vertical splice plates, two external vertical gusset
plates, and external horizontal top and bottom splice plates. For some nodes, there are
additional external vertical splice plates added on the outside of the gusset plates.

In the computation sheets, the force to be carried across a chord splice was
determined by considering the entire main truss as a beam in bending, so that the force
across a node is assumed to be equal in magnitude but opposite in sign to the force carried
by the chord member above or below it. The angles of the lower chord members and
splices were included in the calculations, but the effect was small. As an example, the
force across node U10 is assumed to be the negative of the horizontal component of the
force carried in chord member L9/L11. Similarly, the force in chord member U10/U12 is
assumed to be the negative of the horizontal component of the force across node L11. If
the force across the chord splice is tensile, net section properties are used to calculate the
stress; if the force across the chord splice is compressive, gross section properties are
used to calculate the stress (except for the horizontal top and bottom splice plates, as
indicated in the summary below).

The calculation methodology is summarized below, and an example of a
spreadsheet used to compute the stress is shown for node U10 in figure 2.

1. Determine the gross area and the vertical position of the center of mass of each
connecting plate (splice plates and gusset plates).

2. Calculate the total gross area and the vertical position of the center of mass of all of
the connecting plates together.

3. Calculate the total net area of the connecting plates by subtracting the areas of the

rivet holes along the chord members and the vertical member; the rivet holes are
assumed to be 1.125 inches in diameter.
4, Calculate the gross moment of inertia of each gusset plate and lateral splice plate as

(bh*/12) + (A,d“), where b is the plate thickness and h is the plate height, A, is

the gross area of the plate and d is the distance between the center of mass of the
plate and the center of mass of all the connecting plates together.

5. Calculate the net moment of inertia of the top and bottom splice plates as Andz,
where A, is the net area of the plate and d is the distance between the center of
mass of the plate and the center of mass of all the connecting plates together.

6. Calculate the total gross moment of inertia from the sum of the moments of inertia
calculated in steps 4 and 5.
7. Calculate the contribution of each rivet hole to the decrease in the gross moment of

inertia as A.d?, where A, is area of the rivet hole given by 1.125 inches multiplied

by the thickness of the plates through which that hole passes, and d is the distance
between the center of the rivet hole and the center of mass of all the connecting
plates together.

8. Calculate the total net moment of inertia by subtracting the sum of the contributions
of the rivet holes in step 7 from the total gross moment of inertia in step 6.
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9. The force F across the splice is assumed to act along the center of the chord
members, so a bending moment M is calculated by multiplying that force times the
vertical distance between the center of the chord members and the center of mass
of all the connecting plates together.

10.  Calculate the total stress as (F/A)+(My/1), where A and | are the total area and

moment of inertia (using gross section properties if F is compressive, and using net
section properties if F is tensile); y is measured from the center of mass of all the

connecting plates together; to get the maximum stress, y is taken at the top surface

of the top splice plate for upper chord joints and at the bottom surface of the bottom
splice plate for lower chord joints.

11. Compare the total stress to the allowable stress, and revise the geometry as
necessary.

Appendix A summarizes the results for the preliminary design of the bridge from the
computation sheets that are reproduced in Appendix C. In some cases, the computation
sheets indicate that a change in thickness of the gusset plates or splice plates would be
necessary based on the comparison with the allowable stress, but the stress for the revised
geometry was not recalculated. The results in Appendix A were compiled by recalculating
the stress using the revised geometry where necessary. The chord forces in the members
opposite the node are also listed in the appendix, along with the chord splice force that was
used for each calculation.

Appendix B summarizes the results of applying the chord-splice calculation
methodology to the joints of the final design of the bridge. The geometry and materials
were determined from the design plans and the shop drawings. The gusset plate height is
taken at the centerline of the joint where the two chord members meet, along the center of
the attached vertical member. Where the top or bottom edge of the gusset plate was
sloped, it was assumed that the edge was 1.75 inches from the center of the outermost
rivet hole on the vertical member. Top and bottom splice plates were taken to be 19 inches
wide, with rows of five rivet holes in each plate. The internal welded box diaphragms at all
upper chord nodes (Diaphragm A in the plans) were not considered in the calculations.

In Appendix B, for nodes U2, L3 and U4, results are summarized for four different
values of the chord-splice forces. The forces shown in the appendix correspond to the
different values shown in the design plans for the forces in members opposite those nodes.
The geometry of the bridge is not perfectly symmetric north and south, and for these nodes,
different design forces are listed for the nodes at the north end of the bridge (U2’, L3’ and
U4') than for those at the south end of the bridge. The gusset plate and splice plate
geometry is the same at north and south, however, so stresses for forces from both ends of
the bridge must be below the allowable stress. Also, for these nodes, the design plans
indicate a reversal of the forces can occur depending on the live load, and stresses from
those reversing loads must also be compared to the allowable stress. A reversing load is
also shown in the plans for member U4/U6 (affecting node L5), but it is small and has been
neglected.
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Table 1 summarizes the results for the preliminary design of the bridge (sufficient
details were not found in the computation sheets to reconstruct the calculations for nodes
U2 and U4). The table lists the chord-splice force, the total stress (direct plus bending) and
the allowable stress from the 1-35W design plans for each material. The final column in the
table compares the total stress (demand) to the allowable stress (capacity) as a calculated
demand-to-capacity ratio. All of the demand-to-capacity ratios in Table 1 are less than 1,
indicating that the total stress is less than the allowable stress for each node. The design
of each connection was therefore appropriate for the loads that were considered in these
calculations. Figure 3 plots the chord-splice demand-to-capacity ratios for the preliminary
design of the bridge, with a graphic indicating the position of each node.

Table 1. Summary of chord-splice calculation results for the preliminary design of
the 1-35W bridge.
Node Chord-splice | Total stress Allowable Demand-to-
force (kips) (ksi) stress (ksi) capacity ratio
u2 27
L3 1090 25.2 27 0.93
U4 20
L5 -935 -18.5 27 0.69
U6 1560 35.1 45 0.78
L7 -2350 -37.1 45 0.82
us 3200 39.1 45 0.87
L9 -2082 (est.) -32.8 45 0.73
u10 850 215 27 0.80
L11 965 24.3 27 0.90
ui12 -1976 -35.3 45 0.78
L13 2756 36.1 45 0.80
ul4 -2958 -42.2 45 0.94

Table 2 summarizes the results of the chord-splice calculations performed for the
final design of the bridge. Like Table 1, Table 2 lists the chord-splice force, the total stress
(direct plus bending), the allowable stress and a demand-to-capacity ratio. For nodes with
multiple chord-splice forces (resulting from considering reversing loads or different forces
on the north and south sides), the force listed in the table is the one that resulted in the
highest total stress. For the final design of the bridge, several of the calculated demand-to-
capacity ratios exceed 1, indicating that the calculated stress exceeds the allowable stress,
meaning the design was not adequate for the loads considered. Figure 3 also plots the
chord-splice demand-to-capacity ratios for the final design of the bridge.
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Table 2. Summary of chord-splice calculation results for the final design of the
I-35W bridge.

Node Chord-splice | Total stress Allowable Demand-to-

force (kips) (ksi) stress (ksi) capacity ratio
u2 722 17.1 20 0.86
L3 944 22.4 20 1.12
u4 951 24.5 20 1.22
LS -1128 -17.5 27 0.65
U6 1674 24 27 0.89
L7 -2477 -27.8 27 1.03
us 3335 324 45 0.72
L9 -2185 -23.7 27 0.88
U10 909 21.0 27 0.78
L11 929 20.9 27 0.77
Uiz -2008 -25.7 27 0.95
L13 2791 28.7 27 1.06
ui4 -2975 -24.9 27 0.92

As noted above, between the preliminary and final designs, the member design
loads changed, the gusset and splice plate materials changed, and the gusset and splice
plate dimensions changed. As a result of the changes in these variables, the demand-to-
capacity ratios at several nodes increased beyond an acceptable value of 1. Some effects
of these changes are addressed below.

As can be seen from the data in Tables 1 and 2, the chord-splice forces used in the
calculations were generally similar for the preliminary and final designs. The force changed
by 15 percent at node L3, by 17 percent at node L5 and by 7 percent at node U6. For all
the other nodes, the difference was 5 percent or less.

The number of gusset plates and vertical splice plates at each node was also similar
for the preliminary and final designs, except at nodes U8 and U14. The preliminary design
of node U8 had two gusset plates, two internal splice plates and two external splice plates;
the final design included two additional external splice plates. The preliminary design of
node U14 had two gusset plates and two internal splice plates, while the final design also
included two external splice plates. In both the preliminary and final designs, node L13 had
two gusset plates, two internal splice plates and two external splice plates. All of the other
nodes had two gusset plates and two internal splice plates in both designs.

In the computations for the preliminary design, the horizontal top and bottom splice
plates were taken to be 20 inches wide and 0.375 inch thick. In the final design, the top
and bottom splice plates were taken to be 19 inches wide as shown in the design plans,
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and all of the top splice plates were 0.375 inch thick. The bottom splice plates in the final
design were 0.5 inch thick on lower nodes and 0.375 inch thick on upper nodes. These
changes alone would be expected to alter the section properties by about 5 to 10 percent.

Where details of the gusset plate and splice plate vertical dimensions and rivet
spacing were found in the computation sheets for the preliminary design, they were
generally similar to the final design used for the bridge. At nodes other than U8 and U14
(where the number of splice plates changed), the thicknesses of the gusset plates and
splice plates would therefore be the primary factors in any changes in the section
properties between the preliminary and final designs.

Between the preliminary design and the final design, the materials specified for the
bridge changed; these changes reduced the allowable stress at a number of nodes, as can
be seen by comparing Tables 1 and 2. The stresses for the preliminary design were all
within the allowable stress for the inputs and conditions that were given or assumed. The
forces between the two designs were similar, and the vertical dimensions of the gusset
plates and splice plates were also similar, so one possible way to accommodate the
decrease in the allowable stress resulting from the change in the materials would have
been to increase the thickness of each gusset plate and splice plate by the inverse of the
ratio of the final design allowable stress to the preliminary design allowable stress. For
those nodes where the allowable stress decreased from 27 ksi to 20 ksi, the thickness of
each plate would have to have increased by a factor of 1.35. For those nodes where the
allowable stress decreased from 45 ksi to 27 ksi, the thickness of each plate would have to
have increased by a factor of 1.67. Table 3 lists the thicknesses of the gusset plates and
vertical splice plates for each node in the preliminary design and in the final design, along
with the ratio between the final and preliminary design thicknesses, as well as the target
ratio for the increase in thickness if this method had been used to adjust for the change in
material. Node U6 was the only node where the thicknesses of both the gusset plates and
the splice plates were increased in a manner reasonably consistent with the decrease in
allowable stress. At node L7, the preliminary plate thicknesses were the same as at node
U6 and the change in allowable stress was the same, but the L7 gusset and splice plates
did not increase in thickness by a similar amount; the demand-to-capacity ratio for node L7
increased from 0.82 for the preliminary design of the bridge to 1.03 for the final design (as
shown in Tables 1 and 2).

Table 3. Comparing gusset plate and splice plate thicknesses to the change in allowable
stress for the preliminary and final designs of the I-35W bridge.
Preliminary Final Thickness Target
Node Chord Splice Design Design Ratio Ratio
Member Plate Plate (Final/ Based on
thicknesses | thicknesses Prelim.) Material
(inch) (inch) Change
U2 Gusset plate - 0.625 - 1.35
Internal splice plate - 0.5 -
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L3 Gusset plate 0.625 0.5 0.80 1.35
Internal splice plate 0.5 0.5 1.00

U4 Gusset plate - 0.5 - 1.00
Internal splice plate - 0.5 -

L5 Gusset plate 0.5 0.5 1.00 1.35
Internal splice plate 0.375 0.5 1.33

U6 Gusset plate 0.625 1 1.60 1.67
Internal splice plate 0.5 1 2.00

L7 Gusset plate 0.625 1 1.60 1.67
Internal splice plate 0.5 0.625 1.25
Gusset plate 0.75 0.625 0.83

U8 | Internal splice plate 0.75 0.75 1.00 1.67
External splice plate 0.75 0.75 1.00
External splice plate - 0.75 -

L9 Gusset plate 0.625 1 1.60 1.67
Internal splice plate 0.5 0.625 1.25

ul10 Gusset plate 0.5 0.5 1.00 1.00
Internal splice plate 0.5 0.5 1.00

L11 Gusset plate 0.5 0.5 1.00 1.00
Internal splice plate 0.5 0.5 1.00

ul2 Gusset plate 0.5 1 2.00 1.67
Internal splice plate 0.5 0.5 1.00
Gusset plate 0.75 1 1.33

L13 Internal splice plate 0.75 0.625 0.83 1.67
External splice plate 0.75 1.25 1.67
Gusset plate 0.75 1 1.33

Ul4 | internal splice plate 0.625 0.5 0.80 1.67
External splice plate - 1 -

An alternative possibility for the change in the demand-to-capacity ratios from the
preliminary to the final design is that different forces were used in the chord-splice
calculations. The force to be carried by each chord splice in Tables 1 and 2 was derived
from the design load in the chord member opposite each node, which is continuous through

that specific panel point.

The alternative to using that force would be to sum up the

components of the design loads parallel to the chord members contributed by all of the
connecting members on each side of the node, and use the total force to size the elements

of the chord splice.

This procedure creates some additional complexity, since each
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member design load corresponds to the maximum live load case calculated for that specific
member, and the design loads for connecting members may have come from different
arrangements of live loads. The design loads are therefore not necessarily in equilibrium,
so the sums on either side of a node might not be equal. The reversing loads and
differences between the north and south ends of the bridge introduce additional
permutations to consider. Table 4 compares the maximum chord-splice force calculated
from summing connecting member design loads in the final design with the chord-splice
force in Table 2 from the chord member opposite each node. Except at nodes U4, U10 and
L11, the chord-splice force from summing connecting member design loads was larger than
that from the member opposite the node. Using the connecting member design loads in
the chord splice calculations would in no case have reduced any of the stresses that
exceeded the allowable stress in Table 2 to a level below the allowable stress, but in
several cases using the connecting member loads would have increased an acceptable
calculated stress to a level beyond the allowable stress.

Table 4. Comparison between chord-splice forces calculated in two
different ways for the final design.
Node Chord-splice force | Chord-splice force | Ratio of summation
from summing from chord member force to opposite
design loads opposite node member force
(kips) (kips)
U2 1248 722 1.73
L3 1342 944 1.42
U4 871 951 0.92
LS -1737 -1128 1.54
U6 1993 1674 1.19
L7 -2884 -2477 1.16
us 3407 3335 1.02
L9 -2597 -2185 1.19
U10 786 909 0.86
L11 698 929 0.75
ui2 -2114 -2008 1.05
L13 2900 2791 1.04
ui4 -3191 -2975 1.07
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Finally, a comparison was made between the chord-splice forces and the
(horizontal) shear forces that would have had to be transmitted between the diagonals and
the chord members. These shear forces would have been carried only by the gusset plates
at each node, except at node U8, where external splice plates extend below the bottom
edges of the chord members. In this case, two sets of shear forces are calculated. The
first set of shear forces are calculated from the design loads in the diagonals, with the
components parallel to the average direction of the chord members in each node then
summed. The second set of shear forces are calculated from the design loads in the chord
members, again summing components parallel to the average direction of the chord
members. These summations again involve member design loads that are not necessarily
in equilibrium, so different values are obtained with the two methods. The reversing loads
were not considered in these calculations, but the design loads for the nodes on both the
north and south ends of the bridge were considered, with the maximum magnitude used.
Table 5 compares the shear forces with the chord-splice force from the member opposite
the node, and the ratios of the forces are also plotted in figure 4.

Table 5. Comparison of shear forces and chord-splice forces.

Node Shear force Shear force Chord-splice Ratio of Ratio of
magnitude from | magnitude from force diagonal chord shear
design loads in | design loads in | magnitude from | shear force force to

diagonals chord members member to chord- | chord-splice
(kips) (kips) opposite node | splice force force
(kips)

u2 1548 2013 722 2.14 2.79
L3 132 1432 944 0.14 1.52
U4 1159 2061 951 1.22 2.17
L5 1607 850 1128 1.42 0.75
U6 1838 1317 1674 1.10 0.79
L7 2011 1660 2477 0.81 0.67
us 271 289 3335 0.08 0.09
L9 2699 2426 2185 1.24 1.11
u10 2724 3071 909 3.00 3.38
L11 2577 2917 929 2.77 3.14
Uiz 2102 1866 2008 1.05 0.93
L13 1315 967 2791 0.47 0.35
ui14 0 0 2975 0.00 0.00

the chord-splice forces at nodes U10 and L11.

As can be seen in Table 5, the shear forces are approximately 3 times as large as

Nodes U10 and L11 are positioned
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approximately at the inflection point where the overall bending of the truss changes from
positive in the center of the bridge to negative at node 8 (and node 8’) over the piers. The
chord-splice forces resulting from overall bending are therefore small, but the shear forces
are substantial. Some significant differences between shear forces and chord-splice forces
are also observed in the U2, L3, U4 and L5 nodes, but these are nodes where the design
loads have the most variability from reversing forces and differences north to south, so the
design loads at these nodes are the farthest from equilibrium. An accurate design at each
of these nodes might require a set of equilibrium loads calculated to produce the maximum
shear force and chord-splice force. The design loads for the higher numbered nodes
toward the center of the bridge are generally closer to being in equilibrium. Symmetry at
node U14 (at the center of the bridge) and near symmetry at node U8 result in shear forces
that are much smaller than the chord-splice forces for those nodes.

Cal R. Schultheisz
Materials Research Engineer
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Figure 1. Cross sectional view through the chord splice components at node U10,
including two gusset plates (0.5 inch thick by 72.25 inches high), two internal splice plates
(0.5 inch thick by 27.5 inches high) and upper and lower splice plates (0.375 inch thick by
19 inches wide). Short lines indicate the positions of the rivets in the gusset plates and
internal splice plates, and dimensions are shown. The upper and lower splice plates had
five rivets each.
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Figure 2. Sample spreadsheet calculations for the U10 chord splice.
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Figure 3. Demand-to-capacity ratios from the chord-splice calculations performed for the
preliminary and final designs of the I-35W bridge. Demand-to-capacity ratios less than 1
(the dotted line in the plots) indicate an acceptable design for the forces considered in
these calculations.
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Figure 4. The ratio of the shear force to the chord-splice force for each node. Shear forces
were calculated in two ways, from the diagonal member design loads and from the chord
member design loads. The chord-splice force was calculated from the chord member
design load opposite the node. Calculations for the final design of the I-35W bridge.
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Appendix A

Summary of results from the chord-splice calculations for the
preliminary design of the bridge.
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This appendix summarizes the reconstructed chord-splice calculations from the
unchecked computation sheets in Appendix C, which were performed for the preliminary
design of the bridge. The chord forces in the member opposite each node are also listed,
along with the chord-splice force used in the calculation. The computation sheets lacked
sufficient detail about nodes U2 and u4 to reconstruct those calculations.

Node U2 Material — A441

Allowable stress — 27 ksi
L1/L3 chord member force (force in this member can 524 kips
reverse depending on the live load) -243 Kips
Node L3 Material — A441

Allowable stress — 27 ksi
Gusset plates 53 inches high 0.625 inch thick 14 rivets
Internal splice plates | 27.5 inches high 0.5 inch thick 8 rivets
Top splice plate 0.375 inch thick 20 inches wide 5 rivets
Bottom splice plate 0.375 inch thick 20 inches wide 5 rivets
Distance from center of chord to 7.62 inches

center of mass of connecting plates

U2/U4 chord member force (force in this member can 196 Kkips
reverse depending on the live load) -891 kips
L3 chord splice force 1090 Kips
Net area 76 in”
Net moment of inertia 17313 in*
Total stress 25.2 ksi
Node U4 Material — A36

Allowable stress — 20 ksi

L3/L5 chord member force (force in this member can 724 Kips
reverse depending on the live load) -464 Kips
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Node L5 Material — A441

Allowable stress — 27 ksi
Gusset plates 60 inches high 0.5 inch thick
Internal splice plates | 27.5 inches high 0.5 inch thick
Top splice plate 0.375 inch thick 20 inches wide
Bottom splice plate 0.375 inch thick 20 inches wide
Distance from center of chord to 10.04 inches
center of mass of connecting plates
U4/U6 chord member force (reversing force is -184 kips 925 kips
compression, and neglected)
L5 chord splice force -935 kips
Gross area 96 in”
Gross moment of inertia 26923 in*
Total stress -18.5 ksi
Node U6 Material - T-1

Allowable stress — 45 ksi
Gusset plates 62 inches high 0.625 inch thick 17 rivets
Internal splice plates | 27.5 inches high 0.5 inch thick 8 rivets
Top splice plate 0.375 inch thick 20 inches wide 5 rivets
Bottom splice plate 0.375 inch thick 20 inches wide 5 rivets
Distance from center of chord to -10.98 inches
center of mass of connecting plates
L5/L7 chord member force -1588 kips
U6 chord splice force 1560 Kips
Net area 83 in”
Net moment of inertia 27276 in”
Total stress 35.1 ksi
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Node L7 Material — T-1

Allowable stress — 45 ksi
Gusset plates 68 inches high 0.625 inch thick
Internal splice plates | 27.5 inches high 0.5 inch thick
Top splice plate 0.375 inch thick 20 inches wide
Bottom splice plate 0.375 inch thick 20 inches wide
Distance from center of chord to 13.33 inches
center of mass of connecting plates
U6/U8 chord member force 2312 kips
L7 chord splice force -2350 kips
Gross area 128 in’
Gross moment of inertia 47457 in*
Total stress -37.1 ksi
Node U8 Material - T-1

Allowable stress — 45 ksi
Gusset plates 82 inches high 0.75 inch thick 23 rivets
Internal splice plates | 27.5 inches high | 0.75 inch thick 8 rivets
External splice plates | 28 inches high 0.75 inch thick 8 rivets
Top splice plate 0.375 inch thick | 20 inches wide 5 rivets
Bottom splice plate 0.375 inch thick | 20 inches wide 5 rivets
Distance from center of chord to -15.01 inches
center of mass of connecting plates
L7/L8 chord member force -3270 Kips
U8 chord splice force 3200 Kips
Net area 151 in°
Net moment of inertia 79855 in’
Total stress 39.1 ksi
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Node L9 Material - T-1
(similar to node L7) Allowable stress — 45 ksi
Gusset plates 68 inches high 0.625 inch thick
Internal splice plates | 27.5 inches high 0.5 inch thick
Top splice plate 0.375 inch thick 20 inches wide
Bottom splice plate 0.375 inch thick 20 inches wide
Distance from center of chord to 13.33 inches
center of mass of connecting plates
U8/U10 chord member force 2044 Kips
L9 chord splice force -2082 kips
Gross area 128 in’
Gross moment of inertia 47457 in*
Total stress -32.8 ksi
Node U10 Material — A441
(from first try at U6) Allowable stress — 27 ksi
Gusset plates 62 inches high 0.5 inch thick 17 rivets
Internal splice plates | 27.5 inches high 0.5 inch thick 8 rivets
Top splice plate 0.375 inch thick 20 inches wide 5 rivets
Bottom splice plate 0.375 inch thick 20 inches wide 5 rivets
Distance from center of chord to -10.09 inches
center of mass of connecting plates
L9/L11 chord member force -850 Kkips
U10 chord splice force 850 kips
Net area 72 in°
Net moment of inertia 22113 in*
Total stress 21.5 ksi




Report No. 08-103

Page No. 20
Node L11 Material — A441
(from first try at U6) Allowable stress — 27 ksi
Gusset plates 62 inches high 0.5 inch thick 17 rivets
Internal splice plates | 27.5 inches high 0.5 inch thick 8 rivets
Top splice plate 0.375 inch thick 20 inches wide 5 rivets
Bottom splice plate 0.375 inch thick 20 inches wide 5 rivets
Distance from center of chord to 10.09 inches
center of mass of connecting plates
U10/U12 chord member force -900 Kips
L11 chord splice force 965 kips
Net area 72 in”
Net moment of inertia 22113 in*
Total stress 24.3 ksi
Node U12 Material - T-1
(from L5) Allowable stress — 45 ksi
Gusset plates 60 inches high 0.5 inch thick
Internal splice plates | 27.5 inches high 0.5 inch thick
Top splice plate 0.375 inch thick 20 inches wide
Bottom splice plate 0.375 inch thick 20 inches wide
Distance from center of chord to -9.37 inches
center of mass of connecting plates
L11/L13 chord member force 1976 kips
U12 chord splice force -1976 kips
Gross area 103 in”
Gross moment of inertia 28058 in*
Total stress -35.3 ksi
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Node L13 Material — T-1

Allowable stress — 45 ksi
Gusset plates 54.5 inches high 0.75 inch thick 15 rivets
Internal splice plates 27.5 inches high 0.75 inch thick 8 rivets
External splice 28 inches high 0.75 inch thick 8 rivets
plates
Top splice plate 0.375 inch thick 20 inches wide 5 rivets
Bottom splice plate 0.375 inch thick 20 inches wide 5 rivets
Distance from center of chord to 6.02 inches
center of mass of connecting plates
U12/U14 chord member force -2756 Kips
L13 chord splice force 2756 kips
Net area 123 in”
Net moment of inertia 25213 in*
Total stress 36.1 ksi
Node Ul14 Material - T-1

Allowable stress — 45 ksi
Gusset plates 51.5 inches high 0.75 inch thick
Internal splice plates | 27.5 inches high | 0.625 inch thick
Top splice plate 0.375 inch thick 20 inches wide
Bottom splice plate 0.375 inch thick 20 inches wide
Distance from center of chord to -7.17 inches
center of mass of connecting plates
L13/L13’' chord member force 2958 kips
U14 chord splice force -2958 Kips
Gross area 127 in°
Gross moment of inertia 24783 in*
Total stress -42.2 ksi
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Appendix B

Summary of results from the chord-splice calculations for the
final design of the bridge.
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This appendix summarizes the chord splice calculations for the final design of the bridge.

Node U2 and U2’ Material - MHD 3306

Allowable stress — 20 ksi
Gusset plates 55.125 inches high | 0.625 inch thick 16 rivets
Internal splice 27.5 inches high 0.5 inch thick 8 rivets
plates
Top splice plate 0.375 inch thick 19 inches wide 5 rivets
Bottom splice 0.375 inch thick 19 inches wide 5 rivets
plate
Distance from center of chord to -8.45 inches
center of mass of connecting plates
L1/L3 chord member force 608 kips
U2 chord splice force -608 Kkips
Gross area 111 in®
Gross moment of inertia 25827 in*
Total stress -10.1 ksi
L1/L3 chord member force (force in this member can -456 Kkips
reverse depending on the live load)
U2 chord splice force 456 kips
Net area 75 in”
Net moment of inertia 18868 in*
Total stress 10.8 ksi
L1'/L3' chord member force 308 kips
U2’ chord splice force -308 kips
Gross area 111 in®
Gross moment of inertia 25827 in*
Total stress -5.1 ksi
L1'/L3" chord member force (force in this member can -722 kips
reverse depending on the live load)
U2’ chord splice force 722 Kips
Net area 75 in°
Net moment of inertia 18868 in*
Total stress 17.2 ksi
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Node L3 and L3 Material - MHD 3306
Allowable stress — 20 ksi
Gusset plates 53.59375 inches 0.5 inch thick 14 rivets
high
Internal splice 27.5 inches high 0.5 inch thick 8 rivets
plates
Top splice plate 0.375 inch thick 19 inches wide 5 rivets
Bottom splice 0.5 inch thick 19 inches wide 5 rivets
plate
Distance from center of chord to 6.66 inches
center of mass of connecting plates
U2/U4 chord member force 408 kips
L3 chord splice force -409 Kips
Gross area 98 in”
Gross moment of inertia 21188 in*
Total stress -7.0 ksi
U2/U4 chord member force (force in this member can -942 Kkips
reverse depending on the live load)
L3 chord splice force 944 Kips
Net area 68 in”
Net moment of inertia 15967 in*
Total stress 22.4 ksi
U2'/u4’' chord member force 732 kips
L3’ chord splice force -734 Kips
Gross area 98 in”
Gross moment of inertia 21188 in*
Total stress -12.5 Kksi
U2'/U4’ chord member force (force in this member can -855 kips
reverse depending on the live load)
L3’ chord splice force 857 kips
Net area 68 in”
Net moment of inertia 15967 in*
Total stress 20.3 ksi
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Node U4 and U4’ Material - MHD 3306

Allowable stress — 20 ksi
Gusset plates 55.125 inches high 0.5 inch thick 15 rivets
Internal splice 27.5 inches high 0.5 inch thick 8 rivets
plates
Top splice plate 0.375 inch thick 19 inches wide 5 rivets
Bottom splice 0.375 inch thick 19 inches wide 5 rivets
plate
Distance from center of chord to -7.72 inches
center of mass of connecting plates
L3/L5 chord member force 906 kips
U4 chord splice force -902 kips
Gross area 97 in”
Gross moment of inertia 21975 in*
Total stress -16.5 ksi
L3/L5 chord member force (force in this member can -828 kips
reverse depending on the live load)
U4 chord splice force 824 Kkips
Net area 67 in”
Net moment of inertia 16157 in*
Total stress 21.2 ksi
L3'/L5’ chord member force 785 kips
U4’ chord splice force -781 kips
Gross area 97 in”
Gross moment of inertia 21975 in*
Total stress -14.3 ksi
L3'/L5’ chord member force (force in this member can -955 kips
reverse depending on the live load)
U4’ chord splice force 951 kips
Net area 67 in”
Net moment of inertia 16157 in*
Total stress 24.5 ksi
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Node L5 Material - MHD 3310

Allowable stress — 27 ksi
Gusset plates 59.71875 inches 0.5 inch thick 15 rivets

high

Internal splice 27.5 inches high 0.5 inch thick 8 rivets
plates
Top splice plate 0.375 inch thick 19 inches wide 5 rivets
Bottom splice 0.5 inch thick 19 inches wide 5 rivets
plate
Distance from center of chord to 9.67 inches
center of mass of connecting plates
U4/U6 chord member force (reversing force is -56 kips 1119 kips
compression, and neglected)
L5 chord splice force -1128 kips
Gross area 119 in°
Gross moment of inertia 33464 in*
Total stress -17.5 ksi
Node U6 Material - MHD 3309

Allowable stress — 27 ksi
Gusset plates 62.5 inches high 1 inch thick 17 rivets
Internal splice 27.5 inches high 1 inch thick 8 rivets
plates
Top splice plate 0.375 inch thick 19 inches wide 5 rivets
Bottom splice 0.375 inch thick 19 inches wide 5 rivets
plate
Distance from center of chord to -11.10 inches
center of mass of connecting plates
L5/L7 chord member force -1696 kips
U6 chord splice force 1674 kips
Net area 134 in”
Net moment of inertia 41951 in*

Total stress

24.0 ksi
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Node L7 Material - MHD 3309

Allowable stress — 27 ksi
Gusset plates 68.125 inches high 1 inch thick 15 rivets
Internal splice 27.5 inches high 0.625 inch thick 8 rivets
plates
Top splice plate 0.375 inch thick 19 inches wide 5 rivets
Bottom splice 0.5 inch thick 19 inches wide 5 rivets
plate
Distance from center of chord to 14.41 inches
center of mass of connecting plates
U6/U8 chord member force 2436 Kips
L7 chord splice force -2477 Kips
Gross area 187 in°
Gross moment of inertia 72039 in*
Total stress -27.8 ksi
Node U8 Material - MHD 3318

Allowable stress — 45 ksi
Gusset plates 84 inches high 0.625 inch thick 23 rivets
Internal splice plates | 27.5 inches high 0.75 inch thick 8 rivets
External splice 28 inches high 0.75 inch thick 8 rivets
plates
External splice 59.5 inches high 0.75 inch thick 16 rivets
plates
Top splice plate 0.375 inch thick 19 inches wide 5 rivets
Bottom splice plate 0.375 inch thick 19 inches wide 5 rivets
Distance from center of chord to -14.90 inches
center of mass of connecting plates
L7/L8 chord member force -3407 kips
L8/L9 chord member force -3420 Kips
U8 chord splice force 3335 kips
Net area 201 in®
Net moment of inertia 93424 in*
Total stress 32.4 ksi
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Node L9 Material - MHD 3309

Allowable stress — 27 ksi
Gusset plates 75.125 inches high 1 inch thick 16 rivets
Internal splice 27.5 inches high 0.625 inch thick 8 rivets
plates
Top splice plate 0.375 inch thick 19 inches wide 5 rivets
Bottom splice 0.5 inch thick 19 inches wide 5 rivets
plate
Distance from center of chord to 17.42 inches
center of mass of connecting plates
U8/U10 chord member force 2147 Kips
L9 chord splice force -2185 kips
Gross area 201 in”
Gross moment of inertia 95890 in*
Total stress -23.7 ksi
Node U10 Material - MHD 3310

Allowable stress — 27 ksi
Gusset plates 72.25 inches high 0.5 inch thick 16 rivets
Internal splice 27.5 inches high 0.5 inch thick 8 rivets
plates
Top splice plate 0.375 inch thick 19 inches wide 5 rivets
Bottom splice 0.375 inch thick 19 inches wide 5 rivets
plate
Distance from center of chord to -14.02 inches
center of mass of connecting plates
L9/L11 chord member force -919 kips
U10 chord splice force 909 kips
Net area 83 in”
Net moment of inertia 36597 in*
Total stress 21.0 ksi
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Node L11 Material - MHD 3310
Allowable stress — 27 ksi
Gusset plates 65.59375 inches 0.5 inch thick 15 rivets
high
Internal splice 27.5 inches high 0.5 inch thick 8 rivets
plates
Top splice plate 0.375 inch thick 19 inches wide 5 rivets
Bottom splice 0.5 inch thick 19 inches wide 5 rivets
plate
Distance from center of chord to 10.91 inches
center of mass of connecting plates
U10/U12 chord member force -924 Kips
L11 chord splice force 929 kips
Net area 79 in’
Net moment of inertia 28786 in”
Total stress 20.9 ksi
Node U12 Material - MHD 3309
Allowable stress — 27 ksi
Gusset plates 62.125 inches high 1 inch thick 15 rivets
Internal splice 27.5 inches high 0.5 inch thick 8 rivets
plates
Top splice plate 0.375 inch thick 19 inches wide 5 rivets
Bottom splice 0.375 inch thick 19 inches wide 5 rivets
plate
Distance from center of chord to -12.77 inches
center of mass of connecting plates
L11/L13 chord member force 2011 Kips
U12 chord splice force -2008 kips
Gross area 166 in”
Gross moment of inertia 52269 in*
Total stress -25.7 ksi
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Node L13 Material - MHD 3309
Allowable stress — 27 ksi

Gusset plates 54.34375 inches 1 inch thick 15 rivets

high
Internal splice plates 27.5 inches high 0.625 inch 8 rivets

thick
External splice 28 inches high 1.25 inches 8 rivets
plates wide
Top splice plate 0.375 inch thick 19 inches wide 5 rivets
Bottom splice plate 0.5 inch thick 19 inches wide 5 rivets
Distance from center of chord to 6.08 inches
center of mass of connecting plates
U12/U14 chord member force -2790 Kips
L13 chord splice force 2791 kips
Net area 157 in”
Net moment of inertia 32656 in*
Total stress 28.7 ksi
Node U14 Material - MHD 3309
Allowable stress — 27 ksi

Gusset plates 52 inches high 1 inch thick 14 rivets
Internal splice plates | 27.5 inches high 0.5 inch thick 8 rivets
External splice 28 inches high 1 inch thick 8 rivets
plates
Top splice plate 0.375 inch thick 19 inches wide 5 rivets
Bottom splice plate 0.375 inch thick 19 inches wide 5 rivets
Distance from center of chord to -6.19 inches
center of mass of connecting plates
L13/L13' chord member force 2975 Kips
U14 chord splice force -2975 Kips
Gross area 202 in”
Gross moment of inertia 38085 in*
Total stress -24.9 ksi
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Appendix C

Computation sheets showing chord-splice calculations for the
preliminary design of the bridge.
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