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Abstract

The paper reports the results of the analysis of field installation damage tests carried out on geogrid soil reinforcement products used in Japan.
The data are taken from Public Works Research Center (PWRC) product certification reports. The database comprises a total of 130 tensile tests
performed on undamaged (reference) tests and 390 tensile tests performed on exhumed damaged geogrid specimens. A total of 78 installation
damage factors were computed by the writers representing 26 different geogrid products from 12 different product lines in combination with three
different aggregate types. The field tests were carried out using a standard PWRC protocol and the calculation of installation damage factors and
spread in data was carried out in a consistent manner by the writers. The data are shown to be in good agreement with the results of tests carried
out on similar products reported in other countries. The installation damage factors summarized in this study provide a useful benchmark for
future field installation damage test results in Japan and worldwide. The statistical analysis of variability in installation damage test results is a
prerequisite for future probabilistic analysis and design for the ultimate tensile rupture limit state in geogrid reinforced soil structures and for load
and resistance factor design (LRFD) calibration of this limit state.
& 2015 The Japanese Geotechnical Society. Production and hosting by Elsevier B.V. All rights reserved.
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1. Introduction

An allowable stress design (ASD) approach is currently used
in Japan to compute the long-term allowable strength (Tal) for
the ultimate tensile rupture limit state of geogrid layers in
reinforced soil structures (Public Works Research Center—
PWRC, 2013). The long-term allowable strength available at
the end of design life is computed as

Tal ¼ Tult

RF
¼ Tult

RFCR � RFID � RFD � RFJ
ð1Þ

here Tult is the in-isolation ultimate tensile (reference) strength
of the geogrid material expressed in units of force per unit
width of material and RF is the product of reduction factors to
account for potential strength loss. The contributions to
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strength loss over the design life of the structure are installa-
tion damage (RFID), creep (RFCR), degradation due to chemi-
cal/biological processes (RFD), and reduced tensile capacity at
any connections or junctions (RFJ). All reduction factors are
equal to one or greater.

The maximum tensile load in a layer (Tmax) is multiplied by
a minimum specified factor of safety (F) for each limit state to
compute the design tensile load (Tdes¼F� Tmax). The mini-
mum factor of safety is F¼1 and 1.5 for tensile rupture design
of walls and embankments, respectively, and F¼2 for pullout.
The design tensile load is assumed to act for the life of the
structure and cannot exceed the long-term allowable strength
of the reinforcement (i.e. TdesrTal). Stated alternatively, the
maximum tensile load in a reinforcement layer can be
expressed as a function of the reference strength of the
reinforcement and the product of two strength reduction factors
(i.e. TmaxrTult/(RF�F)).

The primary focus of this paper is the calculation of the
installation damage factor (RFID) used in Eq. (1) and quanti-
fication of the inherent variability in the calculation of this
parameter based on Japanese data. The specific objectives of
this paper are:

1. Review the methodology used in Japan to carry out field
installation damage tests, estimate the reductions in tensile
strength due to installation damage, and calculate RFID.

2. Create a database of installation damage test data from
PWRC geogrid product certification reports available
in Japan.

3. Summarize computed installation damage factors based on
different combinations of product type and embedment soil.

4. Quantify statistical variations in reference tensile strength
and predicted tensile strength after installation damage.
These predicted strengths are commonly referred to as
nominal strength values in North America.

In this study only installation damage test results from
PWRC product certification reports are used. However, where
applicable, some comparisons with installation damage factors
from other studies are made. For example, a useful database of
North American field installation damage testing collected
from multiple sources can be found in the paper by Bathurst
et al. (2011). Installation damage test results for similar
products tested in Korea have also been reported by Lim and
McCartney (2013). A valuable source of European installation
damage test results can be found in the study by Hufenus et al.
(2005). An overview of European practice with respect to
assessment of installation damage and the calculation of long-
term allowable tensile strength of geosynthetic materials can
be found in the report by Greenwood et al. (2012).

This paper is a complementary investigation to the study by
Miyata et al. (2014) that was focused on reliability analysis of
geogrid creep data from PWRC product certificate reports
available in Japan. The data from both studies are necessary
for the prediction of probability of failure for the long-term
tensile rupture limit state using a reliability-based approach

and for calibration of the rupture limit state expressed in a load
and resistance factor design (LRFD) format. The general
methodology is described by Bathurst (2014) and the use of
the data in the current study is demonstrated in the paper by
Bathurst and Miyata (2015).

2. Installation damage testing methodology and
interpretation

2.1. General

The current installation damage testing protocol and
interpretation of results used in Japan is described in the
Public Works Research Center (PWRC, 2013) guidance
document. The guidance document in effect at the time of
the field installation damage tests reported in the collected
product certification reports was (PWRC, 2000a). However,
there are no changes between these two revisions regarding
installation damage testing methodology and interpretation.
The general approach is to embed samples of geogrid taken
from the same roll in a test pad (embankment) constructed
using a standard aggregate, a standard vibratory drum roller
and standard lift heights. The installation damage factor for a
particular combination of geogrid product and soil type is
computed as the ratio of the ultimate reference tensile
strength of undamaged specimens to the strength of exhumed
specimens. All the installation damage tests were carried out
at the PWRC test site in Tsukuba using the same test
protocol.

2.2. Aggregate

Three aggregate types are specified in PWRC (2013). Type
1 is a crushed granitic rock. Type 2 is crusher-run gravel
screened to a maximum size of 40 mm. Type 3 is a sand and
fine gravel material known locally in Japan as “Masado”. The
solid lines and gradation bands in Fig. 1 are the mean and
spread of distributions from all particle size analyses reported
in the source documents for the current study. The measured
medium particle size for Soil Type 1, 2 and 3 are D50¼21, 11
and 1 mm, respectively.

2.3. Test pad construction

Fig. 2 shows a cross-section of the test pad (embankment)
used to simulate installation damage to candidate geogrid
samples. The pad is built over a set of steel plates. These plates
facilitate recovery of the test samples by tipping the entire
0.6 m depth of soil and thereby minimizing potential
exhumation-related damage. A single 300-mm-thick layer of
aggregate is placed over the steel plates using a backhoe with a
maximum bucket size of 0.7 m3. The layer is compacted
followed by placement of a row of geogrid samples. The test
samples are then covered with another single 300-mm lift of
compacted aggregate. The test protocol requires each layer to
be compacted using seven passes of a 9-t smooth drum
compactor delivering a 100 kN dynamic load to the front
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