


5.8 Pile Bent Case: Retrofitted

The retrofitted bent specimen setup is shown in figure 5.39. Similar to the retrofitted
abutment case, the pile reached a first limit with local buckling at the base. The stiffness of the
abutment prevented the bifurcation mechanism observed for the deteriorated specimen. After the
development of top flange local buckling, the pile transitioned to a secondary LTB mechanism
similar to that observed for the non-deteriorated specimen. The LTB was influenced by the
retrofit stiffness, which diminished the lateral buckling aspect while leaving the torsional
buckling aspect largely unaffected. Consequently, the observed ultimate mechanism appeared to
be primarily torsional with minimal lateral instability. The deformed pile specimen at ultimate is

shown in figure 5.40.

Figure 5.39 Retrofitted pile bent test
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Figure 5.40 Retrofitted pile bent failure

The results from this test, similar to the abutment case, indicated that the concrete bond is
substantial and the concrete drew a considerable amount of load at the retrofit location. Figure
5.41 shows that the deteriorated section carried just over 100 kips of axial force and around 10 k-
ft of moment. Figure 5.42 confirms that the deteriorated section did not experience any strains
near the yield limit, nor discrepancies from the sensor records outside the retrofit that would
indicate buckling within the retrofit. The maximum axial load carried by the pile at the
deteriorated section was 133 kips of the total 344 kips applied at that time, corresponding to a
bond 3.25 times greater than the AISC (2010) recommended value. The additional stiffness due
to the retrofit resulted in an inch less deflection at the maximum shear load than had been
observed for the non-deteriorated specimen, as shown in figure 5.43. The maximum shear
increased by 0.7 kips over the 10.9 Kkips carried by the non-deteriorated test. Restroking of the
shear ram was required once, similarly to the non-deteriorated bent test. Yielding was recorded

in the web for this test, as shown in figure 5.44, similar to the non-deteriorated bent specimen.
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Figure 5.42 Retrofitted pile bent deteriorated section strain vs. sample
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Figure 5.44 Retrofitted pile bent base section strain vs. sample
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Appendix A

A major component of the experimental design was determining the loading that the piles
would be subjected to during the test. Bridges are unique, and the loading placed on them is
dependent upon their geometry, material, and location. The determination of loading could (1)
follow a set bridge, (2) be based on typical stresses, or (3) be a percentage of the cross section
that is carrying one form of load while the rest is carrying another form. Through discussions
with NDOR, the authors decided to use the third option and have 80% of the cross section carry
the axial load and 20% of the section carry the moment. In the interest of being thorough, the
remainder of this section will explain the other two loading scenarios that were developed in
addition to the 80/20 loading rate.

One of the loading rates was based on the U.S. Department of Transportation, Federal
Highway Administration’s National Bridge Inventory (NBI, 2013) data for Nebraska. The NBI
(2013) data was filtered to show bridges with a length less than 160 feet and greater than 20 feet.
From discussions with senior faculty, most bridges of interest to this project were likely to be
less than 160 feet long. Nebraska is known to have a large amount of box culverts, therefore,
bridges less than 20 feet long were considered as such. After this range was extracted from the
database other details of these bridges were examined. The number of spans, maximum span
length, and bridge width were also compared. The worst case bridge scenario was determined by
using the data based on these key points. As can be seen in table A.1, on average, majority of

Nebraska’s bridges are two lane bridges built around 1979.
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Table A.1 Nebraska bridge data summary (NBI, 2013)

Average | Maximum | Minimum | Std. Dev.
Width (ft) 14 70 10 6
Length (ft) 53 160 20 29
Spans 3 10 1 1
Max span (ft) 22 90 5 11
Year built 1979 2012 1914 20
Traffic Lanes 2 12 1 1

For the worst case bridge scenario, the maximum width, length, and span were used. The
average number of spans was used to meet the length and maximum span selected. The
remaining geometry of the bridge was determined by assuming typical bridge deck thickness and
unit weight. With the geometry established, the dead load of the deck could be calculated. The
NBI (2013) data for Nebraska shows that 92% of bridges are constructed with either steel or
concrete girders, both of which were considered when calculating the total dead load. The
remaining loads considered were thermal expansion/contraction and live load.

After all of the loads were determined, a generalized spreadsheet was developed to allow for
variation in the number of girders and piles. Assumed girder sizes were used and pile spacing
was limited to 10 feet. With a few iterations of these parameters, the expected loading was
anywhere from 100 kips to 180 kips of dead load per pile. The largest thermal displacement was
expected to be just over 0.5 inches and would likely cause about 15 k-ft in moment. The live load
was applied subsequent to the thermal load. Based on AASHTO (2012) guidance, the live load
(braking force included) was taken as a lower bound slope of 3.75 k-ft per kip. As another
option, the live load was considered without the thermal load and braking forces. This resulted in
a fairly large area, shown as the grey area in figure A.1, along the pile’s interaction curve from

which to choose the targeted loading.
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Figure A.1 Potential loading scenarios and ultimate combined load targets

The second loading scenario was based on the yield stress of the section being split 20%
moment and 80% axial. This resulted in a moment that was slightly less than the 80/20
calculations based on area, but it yielded the same axial force. This becomes apparent when the

axial force equation simplifies to the same equation for both cases

80/20 based on stress

L
Moment = 20% * f, * /2

Axial Force = 80% * f,, x Ag
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80/20 based on area
Moment = f, x ty, * be * (d — tp,)

_Ag*ZO%
tm_ bf*Z

Axial Force = f, » (Ag — ty * by % 2) = f, » 80% x A,

As was previously stated, the loading was based on the area being divided to handle 80%
axial force and 20% moment. This loading rate was within the range given by the NBI (2013)

data and closer to a middle ground compared to the stress-based 80/20 loading scenario.
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