CHAPTER 8

CONCLUSIONS AND RECOMMENDATIONS FOR FURTHER STUDY

8.1 Conclusions

The preceding chapters describe the results of atesting program focused on addressing
the four objectives set out in Chapter 1. The objectives are centered on describing how the
performance of uniaxia geogrids embedded in different granular media under various normal

stresses varies in pullout when the loading scheme is dynamic rather than dtatic.

Based on the results and analyses performed on the results, the following general

conclusions are drawn:;

1. Themaximum pullout load sustained by the UX1600HS in the sand material was
approximately 20 percent higher than that sustained by the UX1600HS in the
glass beads.

2. The spacing and thickness of the geogrids' transverse bearing bars appears to
have a significant impact on the maximum pullout load each grid series sustains.
More specifically, a closer spacing and greater thickness yield a higher pullout
load.

3. Dueto the extensible nature of these geogrids, pullout resistance is mobilized
progressively along the length of the geogrid.

4. In sometests, compression at the strain gauge locations was noted. This
indicates uneven stress distribution along the width of the specimen even though
the specimen was loaded evenly across the width of the clamp.

5. Strains measured locally on arib may not represent the local strain at another
location on the rib or the “global” strain over the length of therib.

6. Tensar geogrid load-strain behavior is non-linear and can best be described by a
hyperbolic function.

7. Pladgtic strains occur at very low strains (on the order of 0.25 percent).

The following specific conclusions are drawn regarding the interaction of the geogrids and soil:
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Irrespective of the grid series, surcharge pressure, or embedding soil type, the
interaction between the soil and geogrid (expressed either as an interaction factor
or coefficient of interaction) was found to be approximately equal in static and
dynamic loading.

The behavior of the geogrid in cyclic pullout remained stable to loads in excess
of that sustained in the corresponding monotonic tests.

It appears that for cyclic loading, an increase in frequency decreases the
likelihood of catastrophic failure. Thisis dueto the reduced time aload in excess
of the maximum monotonic load (Peyy) is held.

While the Improved Total Area Method for calculation of coefficients of
interaction is appropriate for a geogrid that is pulling out as an inextensible
specimen, the Generalized Method can be used to examine details of soil/geogrid
interaction at small strains. However, it appears that the Generalized Method is
senditive to the number of strain gauges supplying strain information and may not
account for some of the pullout load being taken up in bearing by the transverse

bars.

8.2 Implications for Design Practice

The results generated in this research suggest several items for consideration regarding

the analysis and design of GRS structures.

1

It appears that the AASHTO (1998) requirement of discounting by 20 percent the
interaction factor for dynamic loading does not adequately describe the behavior
for the geogrids tested. However, there still may be valid concern for pullout
occurring during a seismic event due to a momentary decrease in the overburden
pressure because of vertical ground motion. If thisis the case, a more rigorous
method of load reduction should be put into place rather than discounting the
interaction factor generally.

Numerous agencies/organi zations have adopted methods for determination of
coefficients of interaction (C;) from pullout tests. A common calculation uses the
pesk friction angle of a soil (f , determined from direct shear tests) to calculate a
coefficient of interaction for a geosynthetic in pullout. However, this coefficient

of interaction applies only when the geosynthetic is moving inextensibly. By the
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time this occurs, it is safe to say the soil has mobilized afriction angle
considerably less than its peak value. The use of f , to calculate C at large
displacement (and hence a pullout resistance) will underestimate the actual
capacity of the geosynthetic/soil composite to resist pullout. The designer must
be aware of this detail and must select the proper friction angle to account for the

possible discount in interaction.

8.3 Recommendations for Future Research

The research performed in this study has raised issues that bear further examination in

future studies. The primary issues are:

1. Thefrequency of loading under a cyclic pullout loading scheme appears to have
an impact on the stability of the soil/geogrid composite, or at least on how it may
be determined (whether it is measured by a catastrophic failure or by exceeding a
given displacement after N cycles of loading). Further data on the stability of
GRS may prove useful for determining how dangerous characteristic earthquakes
for an area might be for GRS structures based on the measured cyclic frequency
and duration of historic seismic events.

2. Thisresearch focused only on Tensar geogrids. It would be useful to examine
other geogrids to determine whether the ratio of cyclic to monotonic coefficients
of interaction is product-specific or general to all products.

3. Limited field data has been released regarding the likelihood of both a horizontal
and vertical acceleration in the worst possible combination occurring within a
GRS structure, and the likely effects on the structure. In order to address these
concerns within aregulatory framework, further research and testing are

required.
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