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CHAPTER 1 
 

INTRODUCTION 
 

 

1.1 Introduction 

 

 Geosynthetics have now been available for wide-spread commercial use for more than 

thirty years, during which time emphases have been placed variously on product development, 

market development, engineer/designer education, and regulatory oversight.  It could be said 

fairly that the first three emphases within the industry are moving into “mature” phases where 

significant effort has been expended, but is still ongoing.  However, regulatory oversight by its 

very nature is reactive and conservative and does not necessarily follow any technical innovation 

or developments in the field in any kind of timely manner. 

 

 Geogrids are one type of geosynthetic that are routinely used in soil reinforcement 

applications such as slopes, retaining walls, and roadways.  In many situations, their use offers a 

cost advantage over conventional methods of construction, and offers greater aesthetic flexibility.  

The nature of geogrids and their use in practice are given in Chapter 2. 

 

 Of particular interest in this study is the performance of geosynthetic-reinforced soil 

(GRS) slopes and walls, constructed with geogrids as the reinforcing element, under incremental 

dynamic loads (caused by earthquakes, blasts, or traffic).  Observations of existing GRS 

structures and specialist model tests suggest excellent performance.  However, regulations 

currently in place do not reflect the limited field data gathered thus far. 

 

 To this end, the following aims to address the soil-geogrid interaction under dynamic 

loading and discuss the likely implications on design practice. 

 

1.2 Current Design Practice 

 

 Design practice for GRS structures under seismic loads for public projects is generally 

specified as being the American Association of State Highway Transportation Officials’ 

(AASHTO) LRFD Bridge Design Specifications (1998).  Contained therein is a step-by-step 

procedure for the analysis of internal and external stabilities of a given GRS structure.  External 
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stability analysis considers bearing capacity of the foundation soil and overturning and sliding of 

the GRS structure.  Internal stability analysis considers pullout capacity of the individual 

geosynthetic inclusions, geosynthetic rupture, and connection details for facing (if present). 

 

 To design the GRS structure to withstand seismic activity, the AASHTO specifications 

requires three additional loads to be applied to the structure over the static case:  the first is an 

inertial force caused by the mass movement of the soil in the reinforced zone; the second is an 

incremental dynamic load applied to the back of the reinforced soil (discounted 50 percent due to 

the unlikelihood of both forces peaking simultaneously); and the third is an incremental inertial 

load applied to the geosynthetic from an assumed active zone within the reinforced soil.  The first 

two loads are used for external stability analyses, and the third is used for internal stability 

(geosynthetic pullout).  To compute the internal stability, the soil/geosynthetic interaction is taken 

to be 80 percent of the static value. 

 

1.3 Resesarch Objectives 

 

 The objectives of this study are: 

 

• to explore the strain behavior of geogrids undergoing cyclic pullout at a relatively 

high cyclic frequency, with reference to a previous study (Raju, 1995); 

• to identify the level of soil/geogrid interaction under dynamic loading in various 

conditions of normal stress, soil type, and geogrid type, and contrast that to the 

level of interaction under static loading; 

• to compare two methods of calculating soil/geosynthetic interaction; and 

• to explore the potential ramifications findings of this study may have on existing 

design practice and regulation. 

 

 These objectives were met in a program of testing using a large pullout testing apparatus 

at the University of British Columbia. 

 

1.4 Thesis Organization 

 

 Chapter 2 reviews the performance of GRS structures that have been subjected to seismic 

events and lays a groundwork of theory that the testing program is based on.  Chapters 3 and 4 
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describe the pullout testing apparatus and materials used in the tests, respectively.  In Chapter 5 

the testing preparation, procedures, and post-test procedures are given.  Chapter 6 presents the 

results and observations regarding the behavior of the geogrids in the pullout tests.  Analyses of 

the test results to provide levels of interaction and describe the strain behavior of embedded 

geogrids are given in Chapter 7.  Chapter 8 presents conclusions drawn from the testing program 

results and analyses, and suggests possibilities for future research. 


