CHAPTER 4

MATERIALS AND PROPERTIES

41 Introduction

The objective of this study is to compare the pullout behavior of three Tensar geogrid series
embedded in dissimilar soils. As such, two soils were selected for usein testing. The geogrids,

soil materials, and their properties are described below.

Prior to starting the testing program, preliminary pullout tests using a roughened aluminum
sheet were conducted to benchmark the results to a previous testing program (Raju, 1995) using
the same apparatus described in Chapter 3.

4.2 Fully Roughened Aluminum Plate

Prior to commencing the main body of the testing program, a series of preliminary pullout
tests were conducted using a fully roughened auminum plate as the specimen. The 3 mm thick
aluminum plate, 500 x 1127 mm, was roughened by gluing sand particles to both sides of the
plate. The purpose of the preliminary tests was to commission the testing apparatus by matching
results of these tests to a previous study that used the pullout apparatus (Rgju, 1995). Raju’s
study incorporated the use of the aluminum plate to compare extensible to inextensible pullout
behavior; it was roughened to ensure that the friction angle between the plate and sand (d) was

equa to the internd friction angle of the sand (f ).

4.3 Tensar Geogrids

Three uniaxial geogrids were selected for usein this study. The UX1400HS and UX1600HS
geogrids were selected as the most commonly used products in larger walls and dlopes. The
UX1500SB series was included to alow a comparison of results from this testing program with
those of Rgju (1995).

A Tensar uniaxial (UX-) geogrid isformed from a sheet of high-density polyethylene
(HDPE) that is punched with rectangular holes then drawn under heat to align the polymer fibers

and prestress the grids. The drawing process results in a pattern of stiff, slender ribs crossed by
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thicker transverse bars at regular spacings. Figure 4.1 shows the plan and section views of these
grids. Of significant note regarding the geometry of Tensar geogridsis the substantial vertical
profile of the bars compared to the ribs. Strength and stiffness properties for each grid type are
reported in Table 4.1, below.

Table 4.1: Tensar geogrid strength properties

Grid Type Strength (2%/5% Strain)®” True Initial Modulus®
KN/m (kN/m)
UX1400HS 16.8/31.5 1831
UX1500SB 28.5/50.5 2389
UX1600HS 38.7/75.0 3634

(1) True strength measured via GRI-GG1 (“ Geogrid Rib Tensile Strength” standard) at indicated strain
(2) Measured via GRI-GG1 not employing an artificial “offset tangent” or “secant” basis of measurement

4.4 Soil Materials

Two soil materials were used in thistesting program. A poorly-graded medium-grained sand
with arelatively high friction angle was used to generate upper bound soil-geosynthetic
interaction results. Poorly-graded fine-grained glass beads with arelatively low friction angle

were used to generate lower bound results.

441 Sand

A poorly-graded, medium-grained sub-rounded SAND manufactured by Badger Mining
Corporation (Berlin, WI, USA) was used as the high-friction angle material. This sand was used
in previous testing programs (Raju, 1991 and 1995). The particle sizes range from 0.08 to 2.0
mm, with a Dsy of 0.9 mm. The coefficient of uniformity isC, = 1.5. A grain-size distribution is

shown in Figure 4.2.

Direct shear tests performed by Raju (1995) give a pesk friction angle (f ;) of 31 to 33
degrees and a constant volume friction angle (f ) of 26 to 30 degrees in the stress range of
interest (5 to 20 kPa); the variation is attributed to a stress dependency at lower normal pressures.
The stress dependency was corroborated by the results of the current testing program (see Section
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6.2.1). Resultsof direct shear tests are given in Figure 4.3. These tests were conducted with the
sand in arelatively loose state (Dg = 40 to 60 percent).

The minimum and maximum void ratios determined by ASTM D4254-91 and ASTM D4253-
93 are 0.47 and 0.62, respectively, using a specific gravity of Gs = 2.65. The in-place density of

the material was 17.3 kN/m® plus or minus 2 percent.

44,2 Glass Beads

Canasphere No. 10 glass beads were used for the low friction material tests. The glass beads
were chosen in lieu of natural soil because of their comparatively low friction angle. The glass
beads can be described as poorly-graded round fine silty SAND, with particle sizes ranging from
0.220 to 0.050 mm, with a Dsp = 0.087. The coefficient of uniformity isC,=1.7. A grain-size

distribution is given in Figure 4.2.

Direct shear tests were performed on the glass beads. Resultsgive af , of 28 to 33 degrees,
and af o, varying between 26 and 27 degrees in the stress range of interest. The variation isagain
attributed to stress dependency. Figure 4.4 shows the friction angles obtained from direct shear
tests. It should be noted that although “loose” and “dense” tests were run for each vertical stress
applied, the material tended to settle to a stable state with the dightest jar. The variation in

friction angles (for each stress level) probably is more representative of experimental variation.

The minimum and maximum void ratios determined by ASTM D4254-91 and ASTM D4253-
93 are 0.55 and 0.70, respectively, using a specific gravity of Gs = 2.47. The in-place density of
the glass beads material was typically 15.0 kN/m® plus or minus 4 percent.
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Figure 4.2: Grain size distribution curves for the Badger Mining Sand and
Canasphere No. 10 glass beads. The data for the sand are after Raju

(1995).
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Figure 4.3: Friction angles for the Badger Mining Sand from direct shear
tests (after Raju, 1995)
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Figure 4.4: Friction angles for the Canasphere No. 10 glass beads from
direct shear tests
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