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Abstract 

 

Pullout Evaluation of Steel Slag Fines and Dredged Material Blends 

with Geogrids 

 

Sangameshwar Somashekar Hanumasagar, M.S.E. 

The University of Texas at Austin, 2013 

 

Supervisor:  Jorge Zornberg 

 
Increasing quantities of dredged material (DM) from navigation waterways have 

led to a growing need to find alternative methods of disposal. Using this material in 

earthwork construction is a very attractive avenue, but poses concern of quality from a 

geotechnical standpoint. By blending DM with granular materials like industrial steel slag 

fines (SSF), studies have showed that the geotechnical properties of the mixture are 

greatly enhanced. If these materials can be proven to be competitive for use in earthwork 

construction, they would pose as an economically viable alternative, and would obviate 

the need for the relatively expensive conventional granular backfill. 

The scope of this project entailed the characterization of pullout interaction of 

SSF-DM blends in different proportions with Tensar uniaxial geogrids to determine an 

optimal combination for usage in earthwork construction. The media used for testing 

included the individual SSF and DM materials, and the 80/20, 50/50 and 20/80 blends 

mixed based on dry unit weights of the individual components. The SSF media 

comprised of particles smaller than 3/8 in. and classified as SW, while the DM was 

classified OH soil. Two Tensar uniaxial geogrids UX1400 and UX1700 were undertaken 

for the study. Pullout tests were conducted and performances of all the blends are 

compared with each geogrid at various normal pressures. Pullout loads and interaction 
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coefficients give an idea of the quality of the interaction, and are studied in this thesis. 

Also, various variables that could potentially affect the pullout interaction are identified 

and investigated.  

Results show remarkably high pullout resistances for the 100% SSF and 80/20 

SSF/DM media, and high interaction coefficients indicating excellent pullout interaction, 

even better than conventional sands. It was also clear that the dredged material exhibits 

very poor pullout interaction with geogrids. The 50/50 and the 20/80 SSF/DM media 

were significantly lower than the 80/20 SSF/DM blend in terms of quality of pullout 

interaction, but still higher than the 100% DM. The results observed with the 80/20 

SSF/DM blend show that it is a suitable backfill material and also poses to be a very 

competitive and cost-effective alternative to be used in earthwork construction.  
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Chapter 1:  Introduction 

1.1 RESEARCH MOTIVATION  

Copious amounts of dredged material are removed from river beds every year to 

keep navigation water ways in a functioning condition. This activity ensures safe 

passageways for ships that are essential for commercial, defense and recreational 

purposes. The dredged material is generally disposed by storing in Containment Disposal 

Facilities (CDF’s), after appropriate treatment to meet environment safety standards. But 

as the river sediments continue to be dredged every year, the CDF’s are getting filled to 

capacity. Therefore there is a need to find alternate ways to dispose them at a reasonable 

cost as well as to meet safety standards. One potential industry wherein might lie the 

solutions to this issue is earth retaining walls. Dredged material is mainly composed of 

clay and silts, and aren’t ideal for any earthwork constructions. If certain properties such 

as strength, drainage characteristics and settlement can be overcome by mixing with 

another material, earthwork construction is a very economical solution in disposing these 

waste products. This would also help replacing the granular backfill being used today, 

which is expensive in acquiring and transporting to the construction site. 

A potential blend material considered by researchers previously (Malasavage et 

al, 2012) was Steel Slag fines (SSF), a by-product obtained in the manufacture of steel. 

Steel slag fines is classified as  granular well graded (SW) soil and would make it well 

suited to amend the geotechnical properties of the high plasticity organic (OH) dredged 

material (DM) soil. The advantages of mixing these two materials in terms of 

geotechnical properties are discussed later. It needs to be stressed that a detailed 

geotechnical characterization of these mixes is critical in order to understand the 

properties of the materials, and then further look into ways they can be enhanced.  



 2 

One application in earthwork construction where these materials could find use is 

as backfill material in Mechanically Stabilized Earth (MSE) walls. MSE walls are 

internally stabilized earth walls that are increasingly being adopted owing to their 

efficiency in performance, strength and reduced right of way. In designing these wall 

structures, understanding of the behavior and performance of reinforced soil systems is 

crucial. Hence, soil reinforcement interaction has been an area of extensive study for 

many years and laboratory tests have been developed to simulate different mechanisms 

that occur in the soil-reinforcement system. Figure 1.1 shown below (adapted from Soil-

Geosynthetic Interaction: Modeling and Analysis, Palmeira, 2008) indicates possible 

modes of failure or deformations occurring in various zones of the soil body.  

 

Figure 1.1:.Interaction mechanisms in a geosynthetic reinforced soil wall (Palmeira, 
2008) 

In figure 1.1, Region A denotes an area where soil can slide over the geosynthetic 

surface at failure. This is modeled in the lab by the Direct Shear Test. In Region B, there 

is lateral deformation of soil and reinforcement, and is modeled by an In-soil tensile test. 

Region C is similar to Region A, except the reinforcement is inclined to the shear plane, 
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which can be tests on a Direct Shear apparatus. Region D is where the reinforcements are 

being pulled out of the soil, and Pullout tests are used to simulate these conditions. 

Pullout tests have largely been used to test the strength of geosynthetic-soil interface 

shear strength in the design of reinforced retaining walls. The influence of testing 

conditions on results varies from lab to lab, and these have to be carefully considered in 

the evaluation and interpretation of results.  

 

1.2 BACKGROUND INFORMATION 

1.2.1 Previous Studies 

Chemical and physical properties of steel slag (aggregates and powder) are fairly 

well established to tap its beneficial uses in different applications (Geisleler, 1996; 

Goldring and Juckes, 1997; Setien et al., 2009). Soil stabilization studies with steel slag 

focus on its pozzolanic properties in a powdered state (Wild et al., 1998; Poh et al., 

2006), and coarse-grained steel slag has been used as replacement aggregate in block 

mortar and construction aggregate in asphalt mixed and highway subgrades (Emery et al., 

1973; Malhotra, 1987; Caijun Shi, 2004). Grubb et al. (2010, 2011, and 2012) focused 

extensively on the geotechnical investigation of using granular sized steel slag for geo-

environmental soil amendment, and is believed to be the first literature available of such 

an application.  These studies conducted by Grubb et al. form the basis of this thesis; the 

objective being to further investigate the behavior of steel slag amended dredged material 

in response to pullout of geogrids. Amending dredged material using other granular 

media has been studied before by Grubb et al. (2006a, b; 2007a, b; 2008a, b) using 

Philadelphia curbside-collected Crushed Glass (CG). The CG was an angular, 9.5 mm 

(3/8 in.) minus material with less than 5% fines, very much like the SSF. Grubb et al. 
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(2006b, 2012) points out that the SSF media better enhances the geotechnical properties 

of DM than the CG. 

Malasavage et al (2012) studied the geotechnical properties of steel slag fines and 

dredged material and their blends on a laboratory and field scale. The project stemmed 

from needs of the Maryland Port Administration (MPA) for a safe and sustainable avenue 

to re-use the enormous amounts of dredged material (DM) recovered from the Baltimore 

Harbor.  Putting them to earthwork use was an option that was largely appealing and 

called for extensive studies. Applying it to geotechnical use called for a detailed study of 

its properties as there are different criteria to be addressed depending on the purpose 

(shear strength, hydraulic conductivity, settlement etc.). It was clear that the fine grained 

nature and organic content of the dredged material (DM) made it unsuitable for 

earthwork construction, and therefore blending it with steel slag fines was proposed as a 

viable amendment. Steel slag fines (SSF) are produced from the bulk crushing of slag in 

the process of iron recovery operations and manufacture of construction grade aggregates 

at the Sparrows Point Steel Mill complex (Baltimore). The combination of SSF blended 

with DM would work favorably in various aspects like mineralogy, reactivity and 

reduced leaching of arsenic from DM due to the lime content in SSF. The steel slag fines 

used in the study reported in Malasavage (2012) comprised of particles that pass through 

the 9.5mm (3/8 in) sieve. 80/20, 60/40, 50/50 and 40/60, 20/80 DM/SSF blends were 

mixed on a dry-weight based proportion.  A summary of the various test results reported 

in the paper is presented in the table below (Table 1.1).  
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Table 1.1: Properties of various SSF-DM blends (Malasavage, 2012) 

 

The water contents reported were the as-received water contents, which were 

123% and 7% for DM and SSF media respectively. The Loss on Ignition tests indicates 

the organic content in the soil, and were conducted on all the blends. It was seen that the 

dredged material contains 11.76% while the steel slag fines contains 4.36% organic 

content. It is observed that, as expected, decreasing DM content is associated with 

decrease in LL and PI. The SSF was classified as well graded sand (SW) according to the 

Unites Soil Classification System (USCS), whereas the DM was classified as high 

plasticity organic silt (OH). For the remaining blends, those containing DM less than or 

equal to 50% were classified silty sand (SM), and the rest were OH soil.  CIU tests with 

pore pressure measurements were conducted on saturated samples compacted to 95% of 

Modified Proctor maximum dry unit weight, and cured for 28 days to allow for moisture 

stabilization and possible cementation. Over a stress range of 10 to 50 psi (69 to 345 

kPa), the tests indicated a cohesion (c’) of 856 psf and friction angle (φ’) of 27.3° for the 

100% DM media, and the 100% SSF media showed a c’ equal to 1003 psf and φ’ of 

45.7°.Friction angle increased with addition of SSF and a peak of 45° observed for the 

50/50 blend. These results are presented below in Table 1.2. Hydraulic conductivity tests 
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indicated the hydraulic conductivity (k) of the mixture remained relatively constant (10-8 

cm/s), until the SSF percentage reached 80%, when the  k value increased by 3 orders of 

magnitude to 10-5 cm/s. Consolidation tests indicated decreases in compression indices 

(Cc and Cr) and increase in coefficient of consolidation (cv). 

Cone penetration tests, among other tests were conducted on field trial 

embankments (12 ft high) built with each of these blends, and this also provided an 

opportunity to test the feasibility and workability of preparing and handling these soils. 

Relative Compaction levels adopted in building the fill were 95% (100% SSF), 92% 

(80/20 SSF/DM), 90% (50/50 SSF/DM) and 85% for the 20/80 SSF/DM and 100%DM.  

Average CPT tip resistance for the 100% DM and the 100% media SSF was found to be 

1.3 MPa (13.6 t/ft2) and 57.3 MPa (598.5 t/ft2), respectively. The compacted 80/20, 50/50 

and 20/80 SSF/DM blends showed a tip resistance of 11.6, 6.2 and 2.9 MPa respectively.  

 

Table 1.2: Properties of various SSF-DM blends (Malasavage, 2012) 

 

On concluding from the studies that there is immense potential for these blends 

for use in earthwork construction, a proposal to assess the suitability of these blends as 



 7 

potential retaining wall backfill material, in combination with geogrid reinforcements 

was formulated.  

1.2.2 Geogrids 

Geogrids are geosynthetics with relatively large apertures that are used for 

reinforcing earth retaining structures. They are mainly composed of longitudinal and 

transverse ribs that are manufactured using different types of polymers, such as High 

Density Polyethylene, Polyesters or Polypropylene. They are classified based on 

geometry of the ribs as Uniaxial, Biaxial or Triaxial geogrids. These are briefly discussed 

below along with figures.  

 

 

Figure 1.2: Uniaxial geogrid 

Uniaxial geogrids (Figure 1.2) sustain tension in one direction, which is along the 

longitudinal ribs. They are mainly used for reinforcing soil structures such as 

embankments.  
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Figure 1.3: Biaxial geogrid 

A biaxial geogrid (Figure 1.3) can sustain tension and provide resistance along 

both directions in a plane. They are typically used for reinforcing the base course layer of 

pavement structures to mitigate short term rutting effects, long term fatigue and low 

temperature cracking. 

 

 

Figure 1.4: Triaxial geogrid 

Triaxial geogrids (Figure 1.3) are now being introduced as solutions to systems 

which require a uniform resistance to load in multiple directions.  
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Manufacturers designate geogrids based on the polymer, geometry, and other 

properties like tensile strength of the geogrid. The tensile strength depends not only on 

the polymer and the geometry, but also the thickness of the ribs in longitudinal and 

transverse directions. Other factors which affect geogrid performance are aperture sizes, 

creep deformation and resistance to chemicals.  

 

1.3 OBJECTIVES 

This study attempts to quantify and compare the performance of the blends of 

steel slag fines and dredged material at various mix proportions in pullout tests with 

uniaxial geogrids. Monterey Sand, being granular cohesion-less soil was used a baseline 

for comparison. Ultimate Pullout Resistance and displacement at pullout were used as 

parameters to characterize the quality of pullout interaction between the media and 

geogrid reinforcement. The objective of this study is summarized below: 

• Quantify pullout capacities of SSF-DM blends with two different uniaxial 

geogrids. 

• Study the effect of two uniaxial geogrids that are of similar geometry but different 

stiffness. 

• Compare the pullout resistance of various SSF-DM blends. 

• Compare pullout load-displacement behavior of the SSF-DM blends. 

• Quantify interaction between geogrid and fill material (coefficient of interaction 

or any other equivalent parameter). 

• Study factors (percentage fines, normal stress, moisture contents) that potentially 

affect pullout capacity of geogrids in the SSF-DM blends. 
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1.4 METHODOLOGY 

The scope of this project included running Pullout tests and Direct Shear tests on 

100% SSF, 100% DM and 80-20, 50-50 and 20-80 blends. These blends were prepared 

by mixing the individual materials on a dry weight basis. Two uniaxial Tensar geogrids 

were used as reinforcements, namely, UX1400MSE and UX1700MSE. Pullout tests with 

Monterey Sand served as the control media for comparison purposes as well as to 

establish repeatability of the system. Three confining pressures were adopted to simulate 

the field condition of overburden pressure from MSE (Mechanically stabilized earth) 

walls. Depending on the tensile strengths of geogrid and with the objective of avoiding 

tensile failures during pullout, the confining pressures adopted were 4, 6 and 8 psi. A 

constant rate of pullout, geogrid sample size, relative compaction and water content 

relative to the optimum water content of watch blend served as a uniform platform upon 

which to base comparisons. The results of the pullout tests were used to analyze the 

properties of each of the blends in relation to one another, as well as to compare the 

performance of the geogrids in pullout. Pullout testing in cohesive soils is a relatively 

obscure area, and using SSF-DM media in a pullout box is the first study of this kind to 

knowledge in available literature. 

 

1.5 OVERVIEW OF THESIS 

This thesis is divided into five chapters. In Chapter 2, a detailed literature review 

of the Pullout testing, explaining the concept and methodology involved and the relevant 

factors that are important to understand in order to comprehensively analyze pullout test 

results. Chapter 3 is a description on the Method and Materials used in the project. The 

Method section comprises of a description of the pullout box, and the procedure involved 

in setting up a test. In the Materials section, a detailed description on the materials used in 
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the project i.e. Monterey Sand, SSF-DM blends and the geogrids is presented. Chapter 4 

is a comprehensive presentation of the results of the Pullout tests and their analysis, with 

comparisons drawn between the various blends to assess the quality of pullout 

interaction. Factors that might potentially influence the results are identified, and the 

observed behavior of the media in the pullout test is explained. Chapter 5 summarizes the 

findings and recommendations for further studies in the area of pullout testing of SSF-

DM blends. 
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Chapter 2:  Pullout Testing of Geosynthetics 

2.1 INTRODUCTION TO PULLOUT TESTING 

ASTM D6706 titled ‘Standard Test Method for Measuring Geosynthetic Pullout 

Resistance in Soil’, details the standard apparatus and procedure in conducting a Pullout 

test. Pullout tests have been in use for quite some time now, to test the resistance of 

geogrids embedded in soil be pulled out. The performance of different geosynthetics and 

soils are used to test the strength of the system and determine the loads that can be 

sustained by the structure. The tests yield parameters that can ultimately in the design of 

reinforced earth structures like geosynthetic-reinforced retaining walls, embankments, or 

slopes. With this objective in mind, it is obvious that replicating the field conditions in 

the laboratory is very important. However, the equipment used for the tests differ from 

lab to lab, and it has been shown to influence the test results greatly. Thus, it is important 

to understand the effects of the testing equipment and influencing parameters in relation 

to the results before arriving at any conclusions. 

This testing methodology basically involves pulling out a geosynthetic that is 

embedded in soil, at a constant displacement rate and measuring the force at which the 

geosynthetic slips out. The geosynthetic reinforcement is deemed to have failed due to 

pullout, when the load reaches a peak and then begins to drop, or stays constant at the 

maximum value for a prolonged duration of time. At this point, all the locations on the 

geogrid will be moving at the same rate. If none of these circumstances occur, the test is 

ended when the displacement reaches a predetermined value that is defined as the 

maximum tolerable limit. Variables that will be recorded during the test will be time, load 

and displacements on different points of the geosynthetic. The pullout resistance is 

represented as the maximum pullout force divided by the specimen width in units of 

lbs/ft. Figure 2.1 shows a typical pullout setup.  
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Figure 2.1: Experimental Setup for Geosynthetic Pullout Testing  

If a pullout test is ended on account of any of the above stated circumstances, the 

mode of failure is considered to be a Pullout failure. However, there may be cases where 

the pullout force reaches the tensile strength of the geosynthetic, causing it to rupture. 

Such a mode of failure is termed as Tension failure, and is not to be considered in 

analysis. Therefore, it is important to study the geosynthetic sample and record the mode 

of failure at the end of each test.  

In the post completion stage of the Pullout test, the data needs to be analyzed to 

arrive at meaningful parameters to quantify the performance of the geosynthetic in the 

soil. The primary quantity that can be used for this purpose is the Pullout Resistance. 

Also, Force-displacement plots aid in understanding the mobilization of displacements 

along the geosynthetic test progresses, and identifying the peak pullout force. A plot of 

the pullout resistance against normal stress is prepared to compare the results of multiple 

tests conducted at different normal stresses. Another important parameter that assists in 
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quantifying the interaction at the soil-geogrid interface  is the coefficient of interaction 

(ci).    

2.2 COEFFICIENT OF INTERACTION 

The coefficient of interaction (ci) is a quantity generally used to understand the 

quality of interaction between the geosynthetic and soil. The ci is defined as the ratio of 

interfacial shear strength of the geosynthetic-soil interface to the soil shear strength. 

Interfacial shear strength is quantitatively represented from pullout tests as the ratio of the 

pullout force per unit contact area (Pr/2Le). Thus, in essence the ci is an indication of the 

efficiency of the interaction between the geosynthetic and the soil. A ci of 1 would mean 

the geosynthetic is in perfect contact with the soil, while a value of 0.5 would mean the 

efficiency of contact is 50%. In other words, the ci tells us what fraction of the soil 

strength is mobilized at the soil-geosynthetic interface, thereby quantifying the efficiency 

of interaction.  The soil in most cases being granular cohesionless soils, since these are 

the materials that are commonly used as backfill. Such soils do not exhibit any cohesion, 

and hence, their shear strength is only a function of the normal pressure and the friction 

angle. 

An expression commonly used to define the ci is in terms of the interface friction 

angle (δ) at the geosynthetic-soil interface. The interfacial shear strength at the 

geosynthetic-soil interface, τg-s can then be expressed as follows.  

      (2.1)

 where, σy - normal stress on the soil system. 

  

If the internal sol shear strength is expressed as τs and φ is the soil friction angle derived 

from conventional strength tests like a Direct Shear test, the ci can be expressed as,  
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(2.2) 

The expression for ci in terms of the pullout resistance derived using the 

interfacial shear strength at the soil-geosynthetic interface (τg-s) and the internal soil shear 

strength (τs) is shown below. 

 

 

(2.3) 

 

where, ci – coefficient of interaction, 

 τg-s – interfacial shear strength (geosynthetic-soil) = Pr/2Le, 

 τs – soil shear strength = σ.tan(φ), 

 Pr – Pullout resistance (lb/ft) = Pullout force per unit width, 

 Le – embedment length (ft) of geosynthetic sample in soil, 

 σ – Confining stress, 

 φ – friction angle of soil media. 

Figure 2.2 schematically describes the terms tan(φ) and tan(δ) for a cohesionless soil. 

Since the cohesion intercept is zero, the linear trend line for both, the direct shear and the 

pullout failure envelope will pass through the origin. Since the ci quantity is the ratio of 

tangents of the angles φ and δ, it will consequently remain a constant irrespective of the 

normal pressure. Therefore, from Equation 2.3, the pullout resistance is expected to 

increase proportionally with the normal pressure for cohesionless soils.  
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Figure 2.2: Coefficient of Interaction for Sands 

It needs to be emphasized that the above expression is based on certain 

assumptions. Firstly, the soil being tested is assumed not to exhibit any cohesion, in other 

words, the Y-axis intercept of the shear stress versus normal stress plot is zero. Secondly, 

the failure envelope is assumed to be linear, so the angles φ and δ can be defined as 

constant. Another crucial assumption is that the interfacial shear strength, τg-s remains 

constant throughout the surface of the geosynthetic. This assumption can be valid for 

inextensible reinforcements like metal grids. However, with geosynthetics, the pullout 

resistance is mobilized progressively starting from the fixed end to the free end as the test 

proceeds. The tension at the free end is always zero. In spite of all these assumptions, the 

ci provides considerable insight on the quality of interaction and is a widely used 

parameter in analysis of pullout tests.  

In spite of the widespread applicability and usefulness of the ci in quantifying the 

quality of interaction between soil and geosynthetic, it has certain limitations when the 
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soil media tested is a cohesive soil. Since cohesive soils are rarely used as backfill 

material in retaining walls, this area hasn’t yet been adequately understood. For such 

soils, the interaction coefficient has to be modified to factor in the cohesion component. 

Cohesion could exist between the soil particles as well as at the soil-geosynthetic 

interface. Going by the definition that the interaction coefficient is the ratio of shear 

strengths of interface to soil, the following modified expression for coefficient of 

interaction, ci,mod is derived.  

 

(2.4) 

 

where, c and φ are the apparent cohesion and friction angles obtained from 

conventional strength tests (Direct Shear or Triaxial). The above expression is not 

commonly seen in Pullout testing literature, and has been proposed in this thesis in an 

attempt to gain insight into pullout interaction in cohesive soils. Figure 2.3 schematically 

represents the two failure envelopes for a cohesive soil. It is logical to assume to the 

interface strength is lesser than the internal soil strength, and hence the interface strength 

envelope lies below the internal soil strength envelope. 
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Figure 2.3: Coefficient of Interaction for Cohesive soils 

 

Note: The interaction coefficient, however it is expressed, is a measure of the 

interfacial strength relative to the soil strength. When the soil shear strength itself is 

appreciably high, the interfacial shear strength even though significant will turn out to be 

a small fraction of the soil strength, leading to a low value of ci. Therefore, a low value of 

the coefficient would only mean a low relative interaction. Therefore, the absolute value 

of the interaction coefficient must not be considered the sole factor in rating the quality of 

interaction at the soil-geosynthetic interface. Rather, the soil shear strength, pullout 

resistances at working loads and the interaction coefficient would present a more 

complete picture. 

 

Pr/2.Le 
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2.3 FACTORS INFLUENCING PULLOUT INTERACTION 

A Pullout test can be conducted on all types of geosynthetics, to test the 

reinforcement capability within a confined soil system. However since this particular 

project deals with geogrid as the reinforcement within the soil system, the following 

sections shall focus on geogrids alone.  

 

The different parameters that influence results in this testing technique can be 

grouped into 3 categories: Test setup factors, soil factors and geogrid factors.  

2.3.1 Test Setup factors 

Test setup factors encompass aspects like box dimensions, boundary conditions 

with the walls of the pullout box, clamping mechanism of geosynthetic, normal stress 

mechanism, displacement rate of pullout, free length of reinforcement outside soil etc. 

The interaction between the soil and the walls of the pullout box can affect test results 

significantly. Boundary conditions in the pullout test include friction caused at the front 

and side walls, as well as the top and bottom boundaries of the box. ASTM 6706 (2007) 

prescribes a minimum dimension of 24in.x18in.x12in. for the pullout box, when the side 

wall friction is minimized. Side wall friction can be minimized by attaching a lubricated 

membrane to the walls (Jewell, 1981; Farrag et al., 1993).  Alternatively, width of the box 

can be increased if the walls are non-lubricated. ASTM 6706 also states the box must 

allow for a minimum 6in. of soil above and below the geosynthetic, and at least 24in. of 

embedment length beyond the load transfer sleeve, with a minimum specimen length to 

width ratio of 2.0. There are also criteria mentioned relating soil particle size to ensure 

that the particles aren’t too big relative to the apparatus to avoid boundary influences. 

Also, it is mentioned that for testing large aperture geosynthetics or larger particles of 

soil, the actual pullout box may have to be larger than the stated minimum dimensions. 
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Extensive research (Palmeira, 1987; Palmeira and Milligan, 1989; Farrag et al., 1993; 

Lopes and Ladeira, 1996; Raju, 1995) has been done on the influence of the front wall on 

test results. It’s been observed that as the reinforcement is pulled out of the box, a lateral 

earth pressure develops on the front wall that causes the pullout resistance to increase. 

Alternatives to minimizing this effect that have been proposed include using sleeves at 

the front wall for load transfer to beyond the front wall (Christopher et al. 1985; Wilson-

Fahmy et al. 1994). The load transfer sleeve serves the purpose of relieving the stress on 

the front wall by transferring the load across a certain length into the soil. This sleeve 

must be at least 6 in. in length (ASTM 6706 (2007)). 

Clamping mechanism is important because the geogrid has to be perfectly fixed at 

one end while the other end is being pulled out. The clamp has to ensure a uniform stress 

distribution across the width of the geogrid. Another point to keep in mind in setting up a 

pullout test is that the clamp has to be perfectly perpendicular to the direction of pullout. 

An oblique pullout force component will lead to formation of stress zones in the grid, and 

eventually lead to tension failure in the portion which exceeds the tensile capacity of the 

geogrid even though the total load is within the limit. 

Normal stress mechanism has to distribute the applied stress uniformly over the 

surface of the soil. This is very important in simulating the field condition of grid 

reinforcement in a retaining wall backfill. Commonly adopted means of achieving this is 

through flexible air bags that are pressurized to the required amount.  

An effect of displacement rate on the pullout resistance was studied by 

Palmeira(2004), and it was demonstrated through a theoretical model that a higher 

displacement rate would result in stiffer behavior of the grids. Also experimental wide 

width tensile tests on high density polyethylene geogrids presented in Palmeira (2004) 

and adapted from McGown (1982) show that strain rates heavily influence the tensile 
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loads (Figure 2.4). Therefore, the tensile strength of a geogrid on the strain rate of testing, 

be it a tensile test or a pullout test.  

 

Figure 2.4: Load-strain relationship for HDPE geogrid for varying strain rates (adapted 
from Palmeira 2004) 

2.3.2 Soil and Geogrid Factors 

Soil factors include, but are not limited to, density, moisture, particle size, 

plasticity and shear strength. All these properties are obviously very important and are 

deciding factors in determining the interaction between soil and grid. It is especially 

important to ensure uniformity in moisture and density conditions for a given soil, when 

we want to compare the pullout resistance at different normal pressures.  

Geogrid factors include geometry of the grid (uniaxial, biaxial etc.), tensile 

strength, dimensions of longitudinal and transverse ribs, spacing of ribs or the aperture 

size and the texture.  The thickness of the transverse ribs is very crucial in determining 

the passive bearing resistance that the grid experiences to pullout.  An important property 
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of geosynthetics that sets them apart from conventional metallic reinforcements is the 

extensibility of geogrids. Geosynthetic reinforcements can undergo deformation to a 

certain strain limit and this property will make the analysis of the mobilization of forces 

inside the pullout box a lot more complicated. Extensibility effects were shown to 

increase for larger embedment lengths of geogrids through experimental pullout tests 

conducted by Moraci and Recalcati (2005), making the analysis even more difficult. 

However, the extensibility property of geosynthetics renders the soil system flexible, and 

therefore can accommodate displacements to a certain extent before failing. This could be 

especially important in allowing for damage control and evacuation measures in case of a 

structural failure of retaining walls/slopes. 

 Properties of the soil and geogrid work together in determining the behavior of 

the geogrid in pullout and will be explained in detail in the following sections. Several 

works on the pullout behavior of geogrids can be found in literature (Jewell, 1980; Dyer, 

1985; Palmeira and Milligan, 1989; Fannin and Raju, 1993; Alfaro et al., 1995; Lopes 

and Ladeira, 1996; Ochiai et al., 1996; Lopes and Lopes, 1999 for instance). Most of 

these studies used granular and dense sand in their studies, with geogrids of different 

geometries. Pullout testing on soils with inherent cohesion was carried out by Bergado 

and Chai (1991, 1993a, b), Gilbert et al (1992), Almohd et al.(2005), Farsakh et 

al.(2007), with the general consensus that cohesive soils with finer particles tend to yield 

lower pullout resistance with geosynthetics. Different testing equipment and materials 

make generalizing of concepts and extrapolation of results very difficult. The present 

study undertook the investigation of pullout behavior of uniaxial geogrids in media that 

exhibit cohesion, and presents an opportunity to understand the effects of presence of 

fines in pullout resistance to geogrids.  
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2.4 MECHANISM OF PULLOUT INTERACTION- 

Jewell et al, 1984 describes the mechanisms of soil reinforcement interaction 

highlighting two modes of failure of a reinforced embankment, i.e. direct sliding failure 

and bond strength/pullout failure. These two mechanisms are illustrated in Figure 2.5.  

 

Figure 2.5: Two mechanisms of failure in a reinforced embankment  (Jewell, 1984) 

A direct sliding condition occurs when an outward shearing force tends to cause a 

block of soil overlying a reinforcement to shear over the reinforcement. The bearing 

resistance against the transverse members will be zero since the soil contained in grid 

apertures do not displace relative to the bearing members. Therefore, soil bearing is 

unlikely to have a significant influence on direct sliding resistance for a grid in soils. A 

third mechanism that exists is the soil on soil shearing action that occurs in grid apertures. 

But this mechanism is assumed to be equal to the soil-geogrid shearing interaction in 

order to simplify analysis.  These three mechanisms are depicted in Figure 2.6. 
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Figure 2.6: Three mechanisms resisting direct sliding (Jewell, 1984) 

The second scenario is the Bond strength/pullout failure, which is determined by 

the rate of change of axial force along the length of a reinforcement layer, as depicted in 

Figure 2.7. The length of reinforcement in an embankment or retaining wall must be 

adequate enough such that the free end of the reinforcement has zero axial forces. 

Otherwise the reinforcements will be pulled out and the termed as a pullout failure. 

Since there is no relative displacement of soil on either side of the reinforcement 

if adequate length of reinforcement is provided, only two mechanisms of interaction exist 

i.e. the shear resistance and bearing resistance between the soil and the grid as is shown 

in Figure 2.7. 
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Figure 2.7: Bond strength governs the reinforcement length to mobilize axial 
reinforcement force (Jewell, 1984) 

 

Figure 2.8: The two mechanisms for bond between a grid and soil. (Jewell, 1984) 

The case that is pertinent to Pullout testing is the latter; where in the axial force on 

the reinforcement is too large to be resisted by the friction and the bearing resistance, 

leading to the pullout of the geogrid.  The following paragraph further elucidates on the 

significance of these mechanisms.  
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As a geogrid is being pulled out of soil, resistance is continuously and 

progressively mobilized along the length of the geogrid. This resistance is a combination 

of two components- a frictional component and a bearing component, as illustrated in 

Figure 2.9. The frictional resistance is developed by relative shear displacement at the 

surface of the geogrid and the soil particles, whereas the bearing resistance is mobilized 

at the frontal face of the transverse ribs as the geogrid is pullout out of the soil.  

 

 

Figure 2.9: Soil-geogrid interaction mechanism subjected to pullout force (a) forces on a 
geogrid (b) cross-section of a geogrid specimen (Elias et al., 2001) 

The total pullout resistance is typically calculated as a sum of the bearing 

resistance of the geogrid transverse members and the friction between grid surfaces and 

soil, as though it acted independently (first proposed by Jewell, 1996). The interface 

shear resistance is generally estimated using the total area of contact between the geogrid 

and soil. Regarding the bearing resistance, there have been different theories regarding 

the mobilization and its quantification. It has been proposed in literature that the passive 

bearing resistance mobilized against the transverse ribs can fail by either a general shear 

(a)              (b) 
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failure mechanism (Jewell, 1984), a punching shear failure mechanism (Peterson and 

Anderson, 1980) or a Modified punching shear failure mechanism (Chai 1992). General 

shear failure and the punching shear failure can be explained using the example of 

bearing capacity failures of a shallow footing embedded in soil, as depicted in Figure 

2.10. Figure 2.10(a) represents a general shear failure, where the failure plane traverses 

deep into the soil and then rises to the surface, forming a failure wedge. This is the most 

common type of bearing capacity failure, and occurs in strong soils with granular sized 

particles.  Figure 2.10(c) represents a punching shear failure that tends to occur in weak 

clays and loose sands. Here, the footing punches through the soil, without the formation 

of a failure wedge. A local shear failure, shown in Figure 2.10(b), lies intermediate to 

general and punching shear failure, with the failure wedge not developing all the way to 

the surface. The mechanism of passive bearing resistance that is mobilized at the 

transverse members of a geogrid as it is pulled out of soil is similar to the analogy of 

bearing capacity failure of a shallow footing.  

Figure 2.11 depicts schematically the mechanism of bearing resistance 

mobilization at the transverse members of a geogrid in a pullout test for a general and 

punching failure mechanism. Bearing resistance in a drained condition can be related to 

effective vertical stress in terms of the bearing capacity factors Nc and Nq, using the 

generalized bearing capacity equation. These equation lie outside the scope of the thesis, 

however, they can found in Bergado and Chai (1991), where the equations for both the 

general and punching mode of shear failure are discussed. It is also worth noting that 

these expressions for general shear failure (Peterson and Anderson, 1980) and punching 

shear failure (Jewell, 1984) represent an upper bound and lower bound for the bearing 

resistance respectively. This observation was made on investigating a database of pullout 

tests from various sources that is compiled and presented in Palmeira and Milligan 
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(1989). Figure 2.12 presents the pullout test results by plotting the normalized bearing 

resistanc (ratio of total pullout resistance per unit bearng surface area to normal stress; 

σb/ σy) against soil friction angle, along with the lower and upper bound curves. 

 

Figure 2.10: Bearing Capacity failures on footings in soil; (a) General shear failure, (b) 
Local shear failure (c) Punching shear failure.  
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Figure 2.11: Bearing resistance mechanism in Grid reinforcement (Bergado and Chai, 
1991) 
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Figure 2.12:  Normalized bearing resistance versus soil friction angle (Palmeira and 
Milligan, 1989). 

It has generally been assumed that the interface friction and bearing resistance add 

up to the total pullout resistance. However, previous studies have indicated that these two 

mechanisms are not entirely independent, and will influence each other to an extent that’s 

dependent on the geogrid geometry, particle size and other variables mentioned earlier 

(Palmeira and Milligan, 1989; Jewell, 1990; Bergado et al., 1993; Alfaro et al., 1995; 

Lopes and Ladeira, 1996). In order to understand the behavior of a geogrid in a soil 

during pullout, the influence of all these factors must be studied. The following sections 

will focus on the influence of different soil and geogrid properties on their pullout 

characteristics.   

Jewell (1984) qualitatively explains the effect of particle size relative to grid 

aperture size on the behavior of soil at failure. At failure, rupture zones develop around 
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the regions where the shear displacements occur as shown in Figure 2.13 for the case of a 

Tensar grid. Fine soils with silts and clay have greater kinematic freedom to rupture in 

various orientations, leading to thinner rupture zone and lower shear displacement 

required to overcome peak resistance. In this case, the particles will slide over the smooth 

surface of the grid with relative ease, leading to low resistance to failure. For coarser 

sand, the particles interlock against themselves and the facing surface of the grid bearing 

member forcing the rupture zone further into the body of the soil.  This would make it 

harder for the geogrid to pull out of the soil and greatly improves the resistance. 

However, if the particles are too big to penetrate the grid apertures, the resistance would 

be very low indeed with shear resistance arising only from the particles in contact with 

the surface of the grid. Hence the resistance to failure increases with improving particle 

size and aperture size ratio, as long as the particles are able to penetrate the grid 

apertures.  
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Figure 2.13:  Qualitative effect of increasing soil particle size on the rupture zone (Jewell, 
1984) 

2.4.1 Influence of bearing members 

Geogrid characteristics like spacing and thickness of bearing members are known 

to greatly influence the pullout behavior of the grid in soil. Palmeira(1989) conducted 

pullout tests on various grid reinforcements using Leighton Buzzard Sand 14/25 and a 

large pullout box (1000 x 1000 x 1000mm). Different steel grids with varying geometries 

were used, which was quantified as the ratio of spacing to diameter of bearing member 

(S/B). The following figure (Figure 2.14) depicts the varying behavior of different grid 

characteristics. The Y-axis term is the friction coefficient normalized by tangent of 

friction angle, or in other words, is the coefficient of interaction. The figure shows that 
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the drop in shear stress between the soil and grid is related to the S/B ratio. Soil-geogrid 

combinations with low S/B ratios tend to result in a greater post peak drop in pullout 

force. The majority of the different S/B tests are below unity which indicates that the 

interface between the geogrid and soil shows lower efficiency in interaction than the 

interaction existing between soil particles. 

 

Figure 2.14: Friction coefficient versus displacement from Pullout tests on Sand and steel 
grid with different geometries (Palmeira and Milligan, 1989) 

Palmeira and Milligan (1989) also investigated the interaction between bearing 

members with varying member diameters and particle sizes. A medium pullout box (253 

x 150 x 200 mm) and single isolated bearing members were used so that the spacing 
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effects were removed. The longitudinal ribs were grease, thus minimizing the friction 

resistance, so that all the pullout resistance was through bearing. A figures show 

normalized bearing resistance σb/σy plotted against normalized pullout displacement 

δp/B, is shown below. Bearing stress σb was defined as the pullout load divided by the 

product between member diameter and member width. σy is the confining stress, 25 kPa 

in this case; while B is the member diameter. It should be noted that the y-axis term is a 

function of two factors, the pullout resistance and the frontal area of the bearing member. 

Both these figures show that as B/D50 decreases, the displacement at pullout 

failure increases. In Figure 2.15 where the D50 is the same for all curves, it is seen that a 

grid with thicker bearing member shows lower normalized bearing force, this is because 

it also has a much greater frontal area. Thus, even though a grid with a thicker bearing 

member would have a greater pullout resistance, the σb/σy value would lie below that of 

a thinner grid. Figure 2.16 presents an interesting plot, since the particle sizes also vary 

among the two sands involved. When studied carefully, tests 40 and 45 both have the 

same bearing member diameter (B), but different D50 values. Test 45 with a smaller 

B/D50 shows a greater normalized bearing resistance than test 40, which has a greater 

B/D50. The same is the case with tests 38 and 44. Since the B value is the same, the 

frontal area of the bearing member is the same and σb/σy is just a function of the pullout 

resistance. Therefore, when the sizes of the soil particles are comparable to the thickness 

of the bearing member, the pullout resistance increases. This is consistent with the theory 

explained in the previous section from Jewell (1984), i.e. better particle interlocking 

against the bearing member leads to greater resistance to pullout. This is a very important 

observation, and is also reiterated by many other researchers as presented in the following 

paragraphs.  
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Figure 2.15: Normalized bearing stress versus displacement from Pullout tests with single 
isolated bearing members and Leighton Buzzard 14/25 sand (Palmeira and 
Milligan, 1989) 
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Figure 2.16: Normalized bearing stress versus displacement from Pullout tests with single 
isolated bearing members and Leighton Buzzard sands 7/14 and 25/52 
(Palmeira and Milligan, 1989) 

Palmeira (2008) summarized pullout tests on isolated bearing members and dense 

sands and crushed glass. When the normalized bearing stress ratio was plotted against 

bearing member thickness normalized by mean soil particle diameter (B/D50), there was 

a definite dependency observed (Figure 2.17). The normalized bearing strength decreases 

with increasing B/D50, and is independent of it beyond a value of 12. Once again, it 

should be noted that the Y-axis term is a direct function of the bearing stress which is 

expressed as pullout resistance divided by the bearing member frontal area. Therefore, 



 37 

the plot does not infer that thicker bearing members exhibit lower pullout loads. A more 

appropriate explanation would be the interaction between the grid and soil particles is 

better for smaller ratios of bearing member thickness to particle diameters.   

 

Figure 2.17: Pullout test results on isolated transverse members with different cross-
sections (Palmeira 2008) 

Teixeira (2003) conducted pullout tests on a polyester geogrid with apertures 23 x 

23mm, buried in dense granular material. Tests were conducted on the geogrid in the 

existing geometry, and then tests were conducted on the geogrid with its transverse 

members removed (Figure 2.18). It was observed that the transverse members were 

responsible for a significant increase of the pullout resistance at large strains leading to a 

plateau in the curve. The geogrids without transverse ribs showed strain softening 

behavior after peak after a certain grid displacement. This is illustrated in Figure 2.18(b).  
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Figure 2.18: Influence of the bearing members on load-displacement behavior of the grid 
(Teixeira 2003). 

Teixeira et al. (2007) conducted an experimental study to better understand the 

contributions of the two types of ribs of a geogrid towards pullout resistance. The 

specially designed small scale pullout boxes that were used to test longitudinal and 

transverse ribs individually with their actual spacing are presented in Figure 2.19. 

Geogrid samples were uniaxial polyester grids with a transverse rib spacing of 32 mm, 

and the soil was a non-plastic sandy soil (SM-SP). Two normal pressures conditions, 25 

and 50 kPa were used for each type of test.  

The longitudinal rib and the transverse rib pullout tests showed in Figure 2.20 

indicate that the force-displacement curve showed a well-defined peak and then a drop in 

the pullout resistance. The displacement at the peak resistance was greater for the higher 

normal pressure. However, the transverse rib peak pullout resistance occurred at a 

displacement over 4 times that obtained in the longitudinal rib pullout tests.  
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(i)                                                 (ii) 

Figure 2.19: Schematic views of the (i) longitudinal rib pullout box and (ii) transverse rib 
pullout box in (a) elevation view and (b) plan view. (Teixeira, 2007) 

 

Figure 2.20: results of the individual rib pullout tests (a) longitudinal rib only and (b) 
transverse rib only (Teixeira, 2007) 
 

Teixeira also presented the following plot (Figure 2.21) of a large scale tests 

conducted on geogrid specimens with and without transverse ribs. It was observed that 

the sample with transverse ribs offers a greater resistance. However the pullout resistance 

of samples without transverse ribs cannot be attributed to interface shearing resistance. 
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This is due to interference present between the various ribs in a complete geogrid 

specimen that reduces the interface shear contribution considerably.  

 

Figure 2.21: Results of large scale pullout tests on geogrids with and without transverse 
ribs (Teixeira, 2007) 

The contribution of the longitudinal and transverse ribs can be summarized by 

Teixeira’s comments in Teixeira et al (2007) where it is stated that the interface shear 

mechanism would contribute to the overall pullout resistance only for comparatively 

small displacements while the passive resistance mechanism would contribute to the 

overall pullout resistance for comparatively large displacements. This idea is also 

expressed by Wilson-Fahmy (1994), where it was observed that the bearing resistance 

mobilizes slower compared to frictional resistance. However, these statements should be 

treated with caution keeping in mind the testing conditions and the materials used in the 

particular study.  
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2.4.2 Interference between bearing members 

Dyer (1985) conducted photo-elastic studies on steel grids with varying member 

spacing’s to study the interference between the bearing members. Palmeira (2008) 

reproduced some of these figures, and is presented in Figure 2.22. It is understood that as 

a transverse member is pulled out, the soil ahead is at a passive stress state, while the soil 

behind is at an active stress state. This active state of stress is represented as dark regions 

behind each transverse member in the photo-elastic results. The load distribution among 

the bearing members is uniform when the spacing is sufficiently large (Figure 2.22(a)). 

However, below certain spacing, non-uniformities in load distribution among the 

transverse members arise due to interference (Figure 2.22(b)). The region behind the 

bearing member consists of loose disturbed soil, and consequently the following bearing 

member would experience lower resistance from the soil region. This is shown 

schematically as reduction in bearing strength for the second member in Figure 2.23. For 

a rigid grid with closely spaced bearing members, this reduction occurs at the same time 

for all members and shows as strain-softening in the load-displacement curve. However, 

extensible grids exhibit a progressive mobilization of tensile stress in the ribs along the 

length of sample. If the spacing of the bearing members if large enough, the zone of 

influence of the members will not conflict with each other, and will independently show 

continuous mobilization of passive resistance as it is pulled out. In such cases, it is 

common to not witness a drop or constant pullout force even for large displacements.  
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Figure 2.22: Photoelastic studies showing Interference between grid transverse members 
of steel grid (Dyer 1985). 

 

Figure 2.23: Interference between bearing members (a) soil-bearing member interaction 
(b) bearing strength reduction for second bearing member on entering loose 
soil region (Palmeira, 2008) 

Palmeira (1989) carried out pullout tests on geogrids with different spacing 

between bearing members and observed that a lower spacing produced a lower pullout 
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resistance. He attributed this loss to interference between the members. The force 

displacement curves for these tests are presented in Figure 2.24.  

 

  

Figure 2.24: Effect of spacing between bearing members on pullout resistance of grid in 
Leighton Buzzard Sand 12/25 (Palmeira, 1989)  

However, it can be argued that at some point the larger spacing will adversely 

affect the pullout resistance since the number of transverse ribs embedded in the soil also 

decreases. Therefore, an optimal spacing between bearing members must exist that 

allows for maximum bearing members to provide resistance, also ensuring there is 

minimal interference between them. Teixeira (2007) studied this using geogrid samples 

with spacing’s of 22, 44 and 66 mm of the transverse ribs and presented the following 

result (Figure 2.25). 
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Figure 2.25: Optimal spacing between bearing members (Teixeira, 2007) 

All these studies show the influence of the geometry of the geogrid and properties of soil 

on their behavior in a pullout test. It is very important to keep in mind that each test result 

depends on the properties of the soil, geogrid and other variables like normal stress, 

equipment, strain rate etc. Results from other studies cannot be adopted directly into 

analysis, but instead as a basis for an explaining the witnessed behavior. 

 In summary, particle size of the media, thickness and spacing of bearing members 

of the geogrid significantly affect the behavior of the soil-geogrid system. The interaction 

of the soil particles with the bearing member result in mobilization of bearing resistance. 

If the particles are of sizes relatively similar to the thickness of the bearing member, a 

greater degree of resistance to pullout is mobilized. The spacing of the bearing members 

determines the extent of interference between two bearing members. If the bearing 

members are spaced wide apart, each member continuously experiences resistance from 

the undisturbed zones of the soil resulting in higher pullout resistance.   
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Chapter 3: Materials and Methods 

3.1 EQUIPMENT 

The Pullout testing device used in this project measured 5 ft. x2 ft.x1 ft. 

(1.5x0.6x0.3 m).  Two hydraulic pistons operated by valves were fitted on either side of 

the box and used to maintain a constant rate of pullout of the geogrid. Valves and Linear 

variation displacement transducers (LVDT) were installed on each of the piston to attain 

and maintain the required displacement rate. Linear variation displacement transducers 

were installed on each of the piston and at the back of the box to measure displacements 

of the geogrid during the test. A 10000lbs load cell installed on the front of the box to 

read the pullout load during the course of a test. It is important to mitigate any 

interference of the walls of the box due to friction; hence smooth geomembranes were 

glued along the side and back walls. A 75mm sleeve at the front of the box at 

approximately mid-height was where the geogrid was to be inserted and clamped on the 

clamp bar outside the box. Inextensible wires inserted into high strength tubing’s were 

used to connect different points on the geogrid to the lvdt’s at the back; this arrangement 

aids to record displacements along the geogrid as it is pulled out.  

One of the most important aspects of ensuring accurate results is applying the 

normal stress effectively and uniformly over the soil surface. The normal stress setup 

comprised, firstly of a neoprene mat over the soil, followed by plywood pyramids, air 

cylinders and metallic plates in that order. This system demonstrated the highest 

efficiency in transferring the load after studying a series of experiments with different 

normal stress combinations, including an air bladder (which is widely used in Pullout 

testing). 6 air cylinders were tied together using a plywood sheet, which could be lifted 

using a crane to be placed over the box. Each of the cylinders was made to sit on a 

plywood pyramid. Each pyramid was built using 4 layers of plywood squares of 
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increasing dimensions. The 6 pyramids, each measuring 20”x12” at the base, together 

covered the entire area of the box. The plywood pyramids act as footings beneath the air 

cylinder, and ensure even distribution of load over the area. It was ensured that the 

friction between the sides of each pyramid is minimal by inducing small gaps.  A 

neoprene mat was inserted below the pyramids to ensure a perfect contact with the 

material beneath and hence a continuous load distribution. Metallic plates were fitted 

over iron rods along the edges of the box, and acted as reaction surfaces against the 

pistons of the air cylinders. This counter resistance to the piston thrust translates into 

normal pressure over the soil in the box. High pressure tubes were used to connect the 

cylinders to the air entry valve, and the cylinder pressure was regulated using a digital 

pressure gauge. This cylinder pressure needs to be converted into an appropriate pressure 

at the soil surface, and this conversion calculation is shown below.   

 

 (4.1) 

 

where, Desired_pressure is the pressure at the soil surface; M_system is the 

combined mass of the soil above the geogrid, neoprene sheet, plywood pyramids and air 

cylinders; P_air is the air pressure in the air cylinders; Area_cyl is the bore area of each 

cylinder; and A_box is the area of the pullout box.  

Values of these constants are presented in the table (Table 3.1) below. A picture 

depicting the complete test setup is presented below (Figure 3.1), with the different parts 

labeled appropriately. 

 

 

boxA
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Table 3.1: Normal Pressure setup details for Pullout Box  

Mass_system 

(lbs) 

 Mass Quantity 

Soil layers above 

GG 

ϒsoil x A_box x h 1 

Neoprene sheet 4.66 1 

Plywood pyramid 8.35 6 

Air cylinder 60.6 6 

Area 

(in2) 

Box 1440 

Cylinder Bore  28.3 (bore dia= 6 in) 

 

 

Figure 3.1: Large scale pullout box testing equipment. 

It must be noted that the clamping system in the front portion of the box is built 

using hinge joints. This arrangement interlocks against the rigid piston arrangement, with 
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the load cell at the point of contact. This setup makes the clamp system flexible and 

capable of orienting itself in a manner that maintains a uniform stress across the geogrid 

during pullout. 

 A few pictures (Figures 3.2-3.4) of the test setup are shown below. 

 

 

Figure 3.2: Clamping Mechanism of Geogrid 
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Figure 3.3: Setup showing Clamping mechanism and Load cell 

 

 

Figure 3.4: Test Setup 
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3.2 METHOD 

The testing procedure is described below to good detail.  

3.2.1 Geogrid sample preparation: 

Firstly a geogrid specimen is prepared in accordance with ASTM D6706-01. The 

dimensions of specimens used in this project were 2.97x1 ft. (0.9x0.3 m), or roughly 

close to these figures. This ensured that the same number of longitudinal and transverse 

ribs influence the pullout resistance in all the tests (13 longitudinal ribs and 2 transverse 

ribs inside the box).  Once the dimensions for the geogrid specimen are achieved, three 

tell-tales are tied at the transverse ribs along the geogrid in a diagonal pattern. This aids 

in monitoring displacement of various zones of the geogrid during pullout. Inextensible 

fishing wire was chosen as tell-tales after satisfactory reproduction of measurements as a 

steel wire. The wire was inserted into high-strength polyethylene tubes to avoid friction 

effects from contact with the fill material. At this stage, the geogrid specimen is 

considered ready for the test. A picture depicting a standard test specimen used in this 

project is shown below.  
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Figure 3.5: Geogrid specimen with tell-tales attached 

3.2.2 Test Setup: 

The moisture contents of the media used for testing were maintained constant 

through all the tests and at a value closest to the optimum moisture contents as observed 

from the Modified Proctor curved. Thus water content checks through oven drying 

procedure were conducted to ensure controlled and stable moisture content. Also, the 

material was stored in sealed containers to avoid loss of moisture into the atmosphere.  

A target density was estimated knowing the maximum dry density, water content 

and attainable relative compaction. It was decided upon to have the compaction to be 

done in 4 lifts to attain the required density and ensure uniformity. Also, the top of the 

second lift was ensured to align with the sleeve on the front wall of the box. Knowing the 

required density and lift height, the weight of the material required for each lift was 

estimated and poured into the pullout box. This was then leveled and compacted with a 

constant compactive effort, to achieve a uniform and required density throughout the box.  
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The equipment used for compaction was a hand tamper and a jack-hammer where 

required (for the stronger materials). After the lift was ensured to be at the required 

thickness, the surface was scarified and the next lift was placed. Once the second lift was 

placed and compacted, the geogrid was placed in the box by sliding it through the sleeve. 

Alignment in the surface of the second lift and the sleeve is crucial to ensure a perfectly 

horizontal pullout force. The geogrid was clamped onto a roller grip in the front the box, 

while the tell-tales on the geogrid are attached to LVDT’s at the back. At this point, the 

embedment length of the geogrid is recorded for analysis purposes. An example of the 

clamping mechanism of the geogrid is shown below in Figures 3.6-3.8.  

 

 

 

 

 

 

 

 

Figure 3.6: LVDT’s mounted on hydraulic piston and at the back of the box. 
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Figure 3.7: Clamping mechanism of geogrid-Bolting down the geogrid  

 

 

Figure 3.8: Clamping mechanism of geogrid-Rotation of Clamp bar 

While placing the geogrid inside the box, it must be ensured that the grid is 

aligned exactly parallel to the length of the box, at an even distance from the sides. This 

symmetry ensures an even distribution of the stress along the clamp bar and ribs across 

the geogrid and hence, aids in a fair assessment of the pullout resistance. In this project, a 

distance of 6” (15 cm) was maintained from the edge of the geogrid to either side of the 

box, in accordance with ASTM standard specifications. This also minimizes the 

boundary effects of the side walls.  
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Next, the last 2 lifts were placed over the geogrid in a similar procedure. A 

neoprene mat was placed over the fill, over which the six plywood pyramids and the air 

cylinders were placed. Figure 3.9 and Figure 3.10 depicts the pullout box before and after 

placing of the air cylinders. High pressure air tubing’s were connected to each air 

cylinder and to the air supply valve. A pressure gauge on the tubing was used to monitor 

the air pressure applied.  

 

 

Figure 3.9: Plywood pyramids over the fill 
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Figure 3.10: Plywood pyramids and air cylinders 

Following this, reaction plates were bolted over the setup, resting on iron rods 

along the edges of the box (Figure 3.11).  

 

 

Figure 3.11: Test Setup showing Reaction plates placed over air cylinders 
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With the test completely setup, the required air pressure was applied, and National 

Instruments data acquisition box and Labview program was used to apply a displacement 

rate of 1mm/min on the pistons and monitor the load and displacements on the computer. 

A schematic figure of a geogrid placed in the Pullout box is shown below in 

Figure 3.12. LVDT’s A, B, C are attached to the respective points shown on the geogrid 

in the figure. LVDT’s ‘far’ and ‘close’ are the LVDT’s locate on the hydraulic pistons on 

the side of the box that apply the constant rate of pullout.  

 

 

 

Figure 3.12: Schematic illustration of geogrid in pullout box along with points of 
displacement measurements.  

 

Pullout Box Direction of 
Pullout 
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3.3 MATERIALS 

3.3.1 Geogrids 

Two Tensar Structural Uniaxial geogrids, UX1400MSE and the UX1700MSE 

were used in the project as reinforcements. They are both HDPE geogrids. Structural and 

geometric information on the two geogrids can be obtained in ‘Final Product 

Qualification Report for Tensar UX-MSE/UX-HS Geogrid Product Line’ report in 

AASHTO journal dated February 2010 (NTPEP Report 8507.4). 

Pictures depicting the geometry of the geogrids are shown below (Figure 3.13); 

machine direction is perpendicular to ruler shown. 

 

 

  

  

Figure 3.13: UX1400MSE (left) and UX1700MSE (right); MD is perpendicular to ruler 
shown  

The relevant index properties and geometric properties are presented in the 

following tables (Tables 3.2-3.4). Typical values (average of 5 readings) of the 

longitudinal rib and transverse rib geometries that include width, spacing, aperture size 

and rib thickness are presented. Figure 3.14 illustrates the geometry of the geogrids. The 
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values presented for Tult is the minimum average roll value (MARV) for the geogrid 

rolls, obtained using Wide width tensile tests conducted in accordance to ASTM D6637. 

The main difference between the two geogrids in geometry is the thickness of the 

longitudinal and transverse ribs, with the UX1700 being 2.5-3 times that of the UX1400. 

The ultimate tensile strength of UX1700 is about 11990 lbs/ft., while that of UX1400 is 

4800 lbs/ft. In terms of unit weight of the material, UX1700 has a unit weight of 873.3 

g/m2 while UX1400 has a unit weight of 324.8 g/m2. 

 

Table 3.2: Longitudinal Rib geometry (AASHTO NTPEP Report 
8507.4) 

     
GG 

Width (in) Spacing (in) Aperture Size 
(in) 

Rib Thickness 
(in) 

 
UX1400 0.338 0.67 17.5 0.04 
UX1700 0.375 0.63 17.9 0.1 

 

 
Table 3.3: Transverse Rib geometry (NTPEP Report 8507.4) 

     
GG 

Width (in) Spacing (in) Aperture Size 
(in) 

Rib Thickness 
(in) 

 
UX1400 0.762 17.5 0.69 0.096 
UX1700 0.79 17.9 0.63 0.282 

      Conversions 1 in = 25.4 mm 
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Figure 3.14: Diagram of geometric properties measurement locations (AASHTO  NTPEP 
Report 8507.4) 
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Table 3.4: Index properties of UX1400 and UX1700 geogrids (AASHTO NTPEP Report 
8507.4) 

 

Index Properties       

Product UX1400       

  

 

  Units MD Values 

Tensile Strength @ 5% Strain kN/m (lbs/ft.) 31 (2130) 

Ultimate Tensile Strength kN/m (lbs/ft.) 70 (4800) 

Junction Strength   kN/m (lbs/ft.) 66 (4520) 

Flexural Stiffness   mg-cm 730,000 

  

 

      

Product UX1700       

  

 

  Units MD Values 

Tensile Strength @ 5% Strain kN/m (lbs/ft.) 75 (5140) 

Ultimate Tensile Strength kN/m (lbs/ft.) 175(11,990) 

Junction Strength   kN/m (lbs/ft.) 160(10,970) 

Flexural Stiffness   mg-cm 9,075,000 

          

   (Conversion: 1 lbs/ft. = 0.0146 kN/m) 

 

3.3.2 Monterey Sand 

Monterey No.30 sand was identified as the control media in the testing program. 

This would help establish repeatability in tests, as well as determine integrity of the 
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system by comparing with the vast amount of literature available on pullout testing on 

sand.  

Sieve analysis and Direct shear data was available from tests conducted in the lab 

at UT-Austin, and proved to be verified and representative. The sand is classified a SP 

soil described as rounded to sub-rounded, consisting of mainly quartz with a small 

amount of feldspars and other minerals. The sand was initially sieved through sieve no. 

20, therefore the largest particle size (Dmax) would be 0.033 in (0.841 mm). Values of 

D30, D50, D60 and the calculation coefficient of uniformity and curvature are shown in 

Tables 3.5 and 3.6; along with the particle size distribution curve is presented below 

(Figure 3.15).   

 

  

Figure 3.15: Particle Size Gradation Curve for Monterey Sand No. 30.   

USCS Classification 
SP  
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Table 3.5: Particle Sizes in Monterey Sand 

Dmax = 0.850 mm         = 0.033 in. (sieve # 20) 

D50 = 0.48 mm         = 0.019 in. 

D60 = 0.50 mm         = 0.020 in. 

D30 = 0.41 mm         = 0.016 in. 

D10 = 0.28 mm         = 0.011 in. 

 

 

Table 3.6: Particle size Coefficients and void ratios 

  

 

 

 

 

 

The relative density adopted for all pullout tests was 70%, at a water content of 

1.5%. Relative density was calculated using the testing density of ϒtot=99 pcf (1.564 

g/cc), at 1.5 % water content, which correspond to a void ratio of 0.699.  

Direct shear tests were conducted by at the lab on the sand samples, in completely 

dry state and at 1.5% water content and 70% relative density. The friction angle was 

obtained to be 39 ° in both cases. The Mohr Coulomb friction envelope is presented 

below (Figure 3.16). 

  

 

Uniformity coefficient, Cu  1.8 

Coefficient of gradation, Cc  1.20 
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Figure 3.16: Mohr Coulomb Failure Envelope for Monterey Sand from Direct Shear 
Tests 

 

3.3.3 Steel Slag Fine, Dredged Material and Blends 

It has been shown (Malasavage (2012)) that the granular nature (well graded sand 

(SW) soil), mineralogy, reactivity and residual lime content of the SSF media make it 

well suited for blending with the high plasticity organic (OH) soil. This exercise results in 

improvement in both, environmental and geotechnical characteristics of the resulting 

blends. 

Dr = 70% 
e = 0.699 
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Tables 1.1 and 1.2 that are presented in Chapter 1 (adopted from Malasavage et 

al., 2012) lists out all geotechnical properties of Steel Slag Fines (SSF), Dredged material 

(DM) and their blends. The most important properties among these that will influence the 

Pullout tests are optimum water content, maximum dry unit weights, grain size 

distribution, Atterberg limits and Shear strength. This section details these important 

properties for all the materials. Grain size distributions for SSF and DM blends, adapted 

from Grubb et al. (2011)  is presented below (Figure 3.17) 

 

 

Figure 3.17: Grain Size Distributions for SSF and DM blends (Grubb, 2011) 

This shows about 99% of the DM is composed of particles that pass through the 

No.200 sieve (0.075 mm). The SSF media had less than 5% passing through the No.200 
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sieve.  The blends have percentage fines that are in the intermediate range as shown 

below in Table 3.7.  

 

Table 3.7: Percentage fines for all blends (Grubb, 2011) 

Sl No Blend % fines 

0 Monterey Sand 0 

1 100% SSF 2.7 

2 80-20 SSF-DM 21.7 

3 50-50 SSF-DM  48.3 

4 20-80 SSF-DM 83.4 

5 100% DM 98.8 

Modified Proctor curves presented in Figure 3.18 show the SSF media have a 

much greater unit weight than the DM media. Also, the optimum water content at which 

the maximum density is achieved increases with increasing DM content; 9% for the SSF 

and 30% for the DM. It should however be noted that while the SSF shows clear curve 

with a peak density like a granular soil, the DM has a flat curve with the density not 

changing much with water content. The low hydraulic conductivity also meant that the 

tampering with the water content to achieve a certain value will be hard; hence the 

Pullout tests were conducted on the material as they were received.  
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Figure 3.18: Modified proctor curves for DM, SSF and DM-SSF blends from laboratory 
(dashed lines) and field samples (solid lines) (Malasavage, 2012) 

 

Moisture Content: 

Moisture content of the soil is a very important factor that greatly influences 

pullout test results. Since the objective in this testing program was a comparative study of 

various blends across normal pressures, the moisture in the blends had to be kept 

constant. Tests were conducted in the ‘as received’ state of all blends, and moisture 

content of the media was always checked after each test throughout the testing program.  

In case the water content was observed to have dropped, an appropriate amount of water 

was added and mixed to prop it up. Also, all the material was stored in sealed plastic 

containers to minimize any leakage of moisture.   
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The moisture contents of the blends in the ‘as tested’ state are presented below in 

Table 3.8, along with the optimum water content (OMC) for a comparison. The 

100%SSF, 80/20 SSF/DM was at OMC, but the rest of the blends were about 10 units 

above OMC. A graphical representation of the same is shown in Figure 3.19. 

 

Table 3.8: Moisture Content-OMC and ‘As tested’ 

Moisture Content Lab Study (UT Austin) 

    100%SSF 

80/20 

SSF/DM 

50/50 

SSF/DM 

20/80 

SSF/DM 100% DM 

Measured in lab  

(UT Austin) 
9.07% 15.31% 26.36% 31.04% 40.57% 

Modified Proctor 

Tests (Malasavage, 

2012) 

9.00% 14.00% 16.00% 19.00% 30.00% 
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Figure 3.19: Moisture Content-OMC (Modified proctor) and ‘As tested’ for all pullout 
tests 

Strength Results 

Malasavage et al (2012) reported CIU triaxial test results that are summarized in 

Table 3.9. Among the blends, the 50/50 SSF/DM mix was observed to show the highest 

friction angle. The 20/80 SSF/DM blend and the 100% DM showed lower friction angles, 

probably owing to the greater percentage of fines in the soil. The observed apparent 

cohesion values were observed to be on the higher side, with a maximum for the 80/20 

SSF/DM at 2172 psf.  

Table 3.9: CIU Triaxial test results on the SSF-DM blends (Malasavage et al, 2012) 

 

100%SSF 80/20 50/50 20/80 

100% 

DM(MPA) 

c' (psf) 1003 2172 1003 1003 856 

φ' (deg) 45.7 38.6 45 32.4 27.3 
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Grubb et al. (2011) also conducted a direct shear test on the 100% SSF mix sieved 

through the 4.75 mm sieve to remove the bigger particles. This was done to avoid any 

boundary effects with the walls of the direct shear box setup. This test yielded a friction 

angle of 40.8°.  

During the testing program of the Pullout project, it was decided that a direct 

shear box is a closer representation of the pullout box, with close simulations of 

conditions of drainage, compaction and confining stress made possible. Therefore, it was 

decided to run direct shear tests at the same normal stresses and compaction levels as in 

the pullout tests, and determine the strength parameters for all blends. These values were 

then to be used in the analysis of results. The Direct shear box was 3in. x 3in. in area and 

accommodated a soil specimen that was 1.37 in. thick. The material was first sieved 

through a 4.75 mm opening-size sieve ( No.4) to avoid boundary effects from interaction 

with the side walls of the shear box. A relative compaction of 80% of modified proctor 

maximum density was the target for all samples, and the shearing rate was 0.02 in/min. 

The confining stresses tested were 1, 4, 6 and 8 psi.  

Figures 3.20 (a)-(b) represent the SSF and the DM materials in the compacted 

state in the pullout box. The granular and clayey nature of the two materials is clearly 

noticeable.  
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(a) Steel Slag fines 

Figure 3.20: SSF and DM materials being compacted in the Pullout box. 
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(b) Dredged material in the compacted state. 

Figure 3.20 (cont.): SSF and DM materials being compacted in the Pullout box. 
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3.4 LARGE PULLOUT PROGRAM TESTING MATRIX 

The testing matrix is presented below for all the SSF-DM blends. Each of the 

media was tested at 4, 6 and 8 psi normal pressure with both, the UX1400 and UX1700 

geogrids. 

 

Table: 3.10: Testing matrix for SSF-DM blends in Large Pullout Box.  

MATERIAL                  GEOGRID  NORMAL 
STRESS 

(psi) 

       
Monterey Sand UX1400  4 6 8  
 UX1700  4 6 8  
100% SSF UX1400  4 6 8  
 UX1700  4 6 8  
20/80 DM/SSF UX1400  4 6 8  
 UX1700  4 6 8  
50/50 DM/SSF UX1400  4 6 8  
 UX1700  4 6 8  
80/20 DM/SSF UX1400  4 6 8  
 UX1700  4 6 8  
100% DM UX1400  4 6 8  
 UX1700  4 6 8  
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Chapter 4: Results and Analysis 

This section presents the results of the Pullout Testing program on Steel slag fines 

and Dredged material blends. The blends are denoted by the SSF content first followed 

by the DM content. The Direct shear tests results are presented beforehand to lend clarity 

on the strength of the blends.  

4.1 DIRECT SHEAR TEST RESULTS 

The results of the direct shear tests are presented below.  A best fit linear 

regression line was drawn through the data points to obtain the slope and the y-intercept 

which denote the friction angle and cohesion respectively.   

A peak friction angle was obtained for the 50/50 SSF/DM blend, with the finer 

blends showing the lowest friction angles. Although the 100% SSF and 80/20 blend have 

particles of greater sizes, the greater friction angle of the 50/50 blend can be attributed to 

a better packed structure. The finer particles getting into the voids of the larger particles 

will reduce the voids, resulting in a greater number of particles in a unit volume which 

will increase the strength of the unit. The compaction and rigid packing also imparts high 

cohesion intercepts to all the blends. It is observed that the individual materials have 

cohesion intercepts of around 650 psf, while the blends show higher values.  Cohesion in 

a direct shear test is a direct consequence of the induced compaction stresses, therefore it 

should be mentioned that these values are for a compaction of 80% of the modified 

proctor maximum dry density. Table 4.1 presents the densities and water content at 

compaction for all the blends. The results of the Direct Shear tests are presented in Table 

4.2, and detailed test reports in Appendix A.  
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Table 4.1:  Densities and water content at compaction 

Material 100%SSF 80/20 
SSF/DM 

50/50 
SSF/DM 

20/80 
SSF/DM 

100% 
DM 

Dry unit weight 
(pcf) 121.6 107.2 92.8 83.2 68 

Water content (%) 9.07 15.31 26.36 31.04 40.57 
Total unit 

weight(pcf) 132.6291 123.6123 117.2621 109.0253 95.5876 

 

Using the strength parameters obtained from the direct shear tests on all the 

blends, the shear strength at a confining pressure of 4 psi (27.6 kPa) was estimated for 

comparison purposes (Table 4.3) and plotted in Figure 4.1. The 50/50 blend is the 

strongest of all, and the other two blends are closer in strength to the respective dominant 

constituent material. However, it is encouraging that even the addition of 20% steel slag 

to the dredged material has increased the friction angle of the blend by 5 degrees. Figure 

4.2 contains the Mohr Coulomb failure envelopes of the materials as obtained from the 

direct shear tests. 
 

Table 4.2: Direct Shear Test Results 

 100%SSF 80/20 50/50 20/80 100% 
DM(MPA) 

c (psf) 611.37 732.96 1425.26 1054 675.1 
φ (deg) 40.8 41.1 46.7 36.5 31.7 

Table 4.3: Shear Strength comparison at 4psi of confining pressure  

 100%SSF 80/20 50/50 20/80 100% 
DM(MPA) 

Shear 
Strength (psf) 

1108.56 1235.61 2036.50 1480.22 1030.84 
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Figure 4.1: Shear Strength of SSF-DM blends at 4 psi confining stress 

 

Figure 4.2: Mohr Coulomb Shear Strength Envelopes of SSF-DM blends 

100% SSF 100% DM 
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4.2 PULLOUT TEST RESULTS: 

Table 4.4 presents the results of all pullout tests conducted under the study 

program of the SSF-DM blends. The Test Id field is the nomenclature that was used for 

the tests during the course of the testing period. Initially while still trying to establish a 

good working order for the tests, some of the tests were conducted on 1.5 ft. wide 

samples. This was eventually reduced to 1 ft. in order to reduce boundary effects from 

side walls and also significantly shorten the testing duration. The fields labeled Pullout 

Force contains the pullout force observed for the test. The pullout resistance defined as 

pullout force per unit width of geosynthetic sample, is presented in parenthesis next to the 

pullout force for the tests with wider samples (greater than 1 ft.). The two quantities are 

equal for the rest of the tests where sample are of unit width.  The last field is the 

Comments section which contains information that was salient to a particular test, and 

considered useful in analyzing the test data. This includes tests where the pullout forces 

were out of trend or LVDT’s didn’t function well, and are so marked in this field.  

To establish repeatability and functionality of the testing procedure, two trial tests 

were conducted with the Tensar biaxial BX1100 geogrid and Monterey Sand.  The reason 

these were chosen was to aid in comparison with the previous pullout test information 

available on these materials. The first two tests were hence conducted on the BX1100 and 

Monterey Sand at a confining pressure of 3 psi, and the pullout resistances were found to 

be 1011 and 962 lbs/ft. respectively (Test Serial No’s 1 and 2 in Table 4.4).  This 

established a good repeatability in the testing system.  

The two geogrids used for testing matrix were Tensar UX1400 and UX1700 as 

described earlier. Typical embedment lengths were of the order of 2.97 ft. (0.9 m). The 

width of the sample was 1 ft. (with 1.5 ft. samples being adopted for a few tests initially). 

These dimensions lie in accordance with ASTM D6706-01. Normal stresses tested were 
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4, 6 and 8 psi (27.6, 41.4 and 55.2 kPa). The Monterey Sand was also tested at 0.5 psi 

(3.4 kPa), to better understand the influences of boundaries and the sleeve on the pullout 

of the geogrid.  

 

The results are summarized for the acceptable tests in Table 4.5 below for both 

the geogrids. Figure 4.3 presents plots of Pullout Resistance versus normal stress for all 

the tested blends and Monterey Sand. Figure 4.4 presents bar graphs comparing the 

Pullout Resistance for all blends, with each chart representing a single normal pressure. 

The blend is denoted by the percentage dredged material in the blend, so 100%SSF 

would be at the origin. Tests which failed to tension are not included in the analysis.  
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Table 4.4: Pullout test Results List 

Serial 
No. 

Test 
Id.  Date Material Geogrid 

Normal 
Stress 
(psi) 

Pullout 
Resistance 
(lbs/ft.) 

Comments 

  
      

  
1 22 27-Feb-12 Monterey 

Sand 
BX1100 3 1011 Repeatability, Le=1.98 ft. 

2 23 4-Mar-12 BX1100 3 962 Repeatability, Le=1.98 ft. 
  

      
  

3 T11 9-Jan-13 

Monterey 
Sand 

UX1400 0.5 156   
4 37 2-Apr-12 UX1400 4 1107 1.5'sample 
5 90 19-Jul-12 UX1400 4 1019   
6 33 27-Mar-12 UX1400 6 1026 1.5'sample, Hit Piston, Pr=1026 lbs/ft. 
7 91 19-Jul-12 UX1400 6 1348   

8 32 26-Mar-12 UX1400 8 2027 
1.5'sample, no LVDT data, Pr=2027 
lbs/ft. 

9 89 18-Jul-12 UX1400 8 2482   
10 T12 18-Jan-13 UX1700 0.5 223   
11 34 28-Mar-12 UX1700 4 1737 1.5'sample, Pr=1737 lbs/ft. 
12 85 17-Jul-12 UX1700 4 2047   
13 87 17-Jul-12 UX1700 6 2423   
14 35 29-Mar-12 UX1700 8 3633 1.5'sample, Pr=3633 lbs/ft. 
15 92 20-Jul-12 UX1700 8 4060   
  

      
  

16 40 10-Apr-12 100% SSF UX1400 4 TF-2770 
1.5'sample, Tension Failure (P=1847 
lbs/ft.) 

17 41 12-Apr-12 UX1400 2 1238 1.5'sample, Pr=1238 lbs/ft. 
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Table 4.4 (continued) 

18 42 15-Apr-12 

 

UX1700 4 2531 
1.5'sample, Pr=2531 lbs/ft., Test 
repeated 

  19 T13 13-Mar-13 UX1700 4 3156 LVDT readings not good 
  20 46 22-Apr-12 UX1700 6 4718   
  21 45 21-Apr-12 UX1700 8 5326 1 LVDT not working 
    

      
  

  22 47 25-Apr-12 

100% DM 

UX1400 4 518   
  23 T6 2-Nov-13 UX1400 4 362   
  24 49 29-Apr-12 UX1400 6 559 1.5'sample, Pr=559 lbs/ft. 
  25 48 28-Apr-12 UX1400 8 797   
  26 50 30-Apr-12 UX1700 4 855   
  27 T8 19-Oct-13 UX1700 6 863   
  28 51 1-May-12 UX1700 8 847 1 LVDT not working, Test repeated  
  29 T9 30-Oct-13 UX1700 8 1060   
    

      
  

  30 53 21-May-12 

80/20 
SSF/DM 

UX1400 4 1923   
  31 54 24-May-12 UX1400 6 2688   
  32 T3-1 25-Nov-13 UX1400 6 2071   
  33 T3-2 1-Dec-13 UX1400 6 2154   
  34 55 31-May-12 UX1400 8 2088 Test repeated 
  35 T4 7-Dec-13 UX1400 8 TF-2466 Tension Failure 
  36 56 4-Jun-12 UX1700 4 3164   
  37 T2 28-Nov-13 UX1700 4 3214   
  38 58 7-Jun-12 UX1700 6 3255 Test repeated 
  39 T1 23-Nov-13 UX1700 6 4455   
  40 57 6-Jun-12 UX1700 8 4907   
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Table 4.4 (continued) 
41 T5 11-Dec-13 

 
UX1700 8 5022   

    
      

  
  42 59 12-Jun-12 

50/50 
SSF/DM 

UX1400 4 641 Test repeated 
  43 T15 31-Mar-13 UX1400 4 921   
  44 60 13-Jun-12 UX1400 6 789 Test repeated 
  45 T16 6-Apr-13 UX1400 6 1299   
  46 61 14-Jun-12 UX1400 8 1858 1 LVDT not working 
  47 62 18-Jun-12 UX1700 4 1496 2 LVDT’s not working 
  48 63 20-Jun-12 UX1700 6 1455 Test repeated 
  49 T14 28-Mar-13 UX1700 6 1932   
  50 64 21-Jun-12 UX1700 8 2104   
    

      
  

  51 65 22-Jun-12 

20-80 SSF-
DM 

 

UX1400 4 740   
  52 66 24-Jun-12 UX1400 6 1036   
  53 67 25-Jun-12 UX1400 8 814 Test repeated 
  54 72 29-Jun-12 UX1400 8 1085 1 LVDT not working 
  55 68 26-Jun-12 UX1700 4 1077   
  56 69 27-Jun-12 UX1700 6 1586   
  57 71 28-Jun-12 UX1700 8 1825   
  

          Note: 

•Highlighted fields indicate the tests repeated due to human errors or malfunctioning of equipment. 

•TF indicated tests where the geogrid failed to tension and not pullout. 

 •Embedment lengths for all tests was 2.97 ft. (0.9 m) inside the box 
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Table 4.5: Pullout Resistance values in lbs/ft. of SSF-DM blends 

UX1400  
 Normal Stress (psi) 

Material 0.5 2 4 6 8 

100%SSF - 1238 TF-
1847* - - 

80/20 
SSF/DM 

 
 

- 
 

 
- 

1923 
 

2071 2088-
TF* 

2154  
2688 2466-

TF* 
50/50 

SSF/DM - - 921 1299 1858 

20/80 
SSF/DM - - 740 1036 1085 

100%DM 
 
 

- 
 

- 
 

518 559 
 

797 
 
 362 

Monterey 
Sand 

 

156 
 

- 
 

1107 
1348 

2027 

1019 2482 

      
UX1700   

 Normal Stress (psi)  
Material 0.5 4 6 8  
100%SSF - 3156 4718 5326  80/20 
SSF/DM 

 

- 
 

3164 4455 
 

4907  
3214 5022  

50/50 
SSF/DM - 1496 1932 2104  

20/80 
SSF/DM - 1077 1586 1825  
100%DM - 855 863 1060  
Monterey 

Sand 
 

223 
 

1737 2423 
 

3633  
2047 4060  

*Highlighted fields indicates test failed to tensile stress and are not included in the Pullout analysis 
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(a)UX1400 

 

 
(b)UX1700 

Figure 4.3: Pullout Resistance versus Normal Stress for all materials (a) UX1400 (b) 

UX1700 

Pullout Resistance versus Normal Stress 
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(a)Confining pressure of 4 psi 
 

  
(b)Confining pressure of 6 psi 

Figure 4.4: Pullout Resistance versus percentage Dredged material in a blend for all 
materials at various confining pressures 

* 

* 

Pullout Resistance Comparison for SSF-DM Blends 
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(c)Confining pressure of 8 psi 

Figure 4.4 (cont.): Pullout Resistance versus percentage Dredged material in a blend for 
all materials at various confining pressures 

The plain SSF proved to be a strong material for the UX1400 geogrid, as a tension 

failure was observed even at 4psi confining pressure, indicating the pullout resistance 

(Pr) could have been greater than 2400 lbs/ft. Consequently another test was conducted at 

2 psi to achieve pullout, where the Pr was. 1238 lbs/ft.  The UX1700 is a much stiffer 

geogrid, and the Pr values observed were 3156, 4718 and 5326 lbs/ft. at 4, 6 and 8 psi 

respectively. All these values are between 1.5 to 2 times the Pr observed with Monterey 

Sand. The 80/20 SSF/DM was remarkably closer to the 100% SSF with Pr values of 

1923, 2100 lbs/ft. at 4 and 6 psi with the UX1400 and 3189, 4455 and 4965 lbs/ft. at 4, 6 

and 8 psi respectively with the UX1700. These values are considerably higher when 

compared to the dredged material. The 100% DM showed pullout resistance (Pr) values 

of 440, 559, 779 lbs/ft. at 4, 6 and 8 psi with the UX1400 and 855, 863 and 1060 lbs/ft. at 

4, 6 and 8 psi respectively with the UX1700. The rest of the blends showed pullout 

*Textured bars 
represent Pullout tests 
that failed to tensile 
strength of geogrid. * * 
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resistance lower than Monterey Sand, and the maximum Pr observed was 2104 lbs/ft. 

with the 50/50 SSF/DM and UX1700 at 8psi of normal pressure.  

As mentioned earlier, the UX1400 geogrid broke to tension for two blends i.e. 

100% SSF and 80/20 SSF/DM. The confining pressure for 100%SSF was dropped down 

to 2 psi when the UX1400 broke at 4 psi. With the 80/20 blend, the UX1400 broke at 8 

psi normal pressure. It was observed that the geogrid consistently broke at about 2400 

lbs/ft., which was unexpected considering the ultimate strength was reported to be 4800 

lbs/ft. and also confirmed in the lab through a wide-width tensile test. However, it should 

be noted that while conventional tensile tests are run at a strain rate of about 30mm/min, 

the pullout test is run at a much lower rate (1 mm/min). This difference in testing rates 

could be the reason due to the gap in the reported ultimate tensile strength (4800 lbs/ft., 

as reported in AASHTO NTPEP Report for Tensar UX-MSE Geogrids) and observed 

tensile capacity (approximately 2400 lbs/ft.). The UX1700 geogrid did not fail to tension 

in any of the tests. In fact, a few of the tests with the UX1700 and the stronger blends 

(Monterey Sand, 100%SSF and 80/20 SSF/DM) lasted for long durations, even up to 

300mm of frontal displacement before pullout failure indicating a good bond. 

3-dimensional plots of the pullout resistances for all the blends and normal 

stresses are presented in Figure 4.5 for comparison purpose. The tests where tension 

failure occurred are excluded from the analysis. This includes the 4 psi test with the 

100%SSF and the 8 psi test with the 80/20 SSF/DM, both with the UX1400.  

 

From the results presented the following preliminary observations can be drawn 

straight away. 

• Steel Slag fines exhibit a greater resistance to pullout than the dredged material. 

The difference in pullout resistance ranges from three times at 4 psi to about 5 
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times at 8 psi. Among the blends, an increasing amount of DM content in the 

blend causes the pullout resistance to drop. 80/20 SSF/DM is very similar to the 

100% SSF in pullout resistance. There is a huge drop in performance from the 

80/20 to the 50/50 blend. The 50/50 and 20/80 mixtures are closer to the plain 

dredged material in terms of magnitude of resistance, indicating the fines have a 

growing influence. This trend is not consistent with the results of the Direct shear 

tests, where the 50/50 SSF/DM blends was observed to show the greatest strength. 

However, it should be kept in mind that the soil samples for the Direct Shear tests 

were first sieved through the 4.75 mm (No.4) size sieve to remove the larger 

particles that could have induced boundary effects with the side walls of the shear 

box. This would have affected the SSF component of all the media, due to 

granular sized nature of these particles (up to 9.5 mm (0.375 in.)) , more so the 

100% SSF and 80/20 SSF/DM media than the other blends.  

• The 100% SSF and the 80/20 SSF/DM blend have pullout resistance that is 

greater than Monterey Sand. The results very are promising for potentially using 

these materials as backfill. The rest of the blends fall below Monterey Sand.  

• Increasing the normal stresses tend to increase the pullout resistance. With an 

added confining stress on the soil, the geogrid is held back more effectively and a 

greater force is required to pull it out. However, on closer observation, the change 

in the pullout loads with change in normal stress is not the same for the blends. 

While the granular blends like the SSF and 80/0 SSF/DM shows a steep increase, 

the finer blends are relatively flat. This is a very important characteristic which, as 

will be explained later, determines the quality of interaction between the geogrid 

and material. 
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• The UX1700 geogrid which is the stiffer geogrid shows a much greater resistance 

to pullout than the UX1400 as expected. Also, since the two geogrids are of a 

similar geometry and texture, some interesting interpretations could be formulated 

with respect to the magnitudes of the pullout loads.  

 

The 100%SSF and 80/20 SSF/DM show a much greater pullout resistance and 

longer test durations than the other blends. By observation these blends seemed to be of a 

granular nature, while the rest of the blends were found to be very clayey. The water 

contents of the finer blends were obviously much greater than the granular materials. 

While the direct shear tests showed the 50/50 and 20/80 SSF/DM blend to have the 

highest shear strength, they showed lower pullout resistance than the granular blends. 

This might be attributed to the impact of particle sizes and water content on pullout 

interaction.  

Another observation as mentioned is that the 100%SSF and 80/20 SSF/DM blend 

show considerable increase in pullout strength at a higher normal pressure. The blends 

with greater percentage of fines on the other hand, don’t show as much an increase in 

pullout resistance. This is clearly evident in Figure 4.6, which contains a consolidated 

plot of all pullout tests for both geogrids and all normal pressures tests. The X-axis 

represents the blend according to the percentage of dredged material, while the Y-axis 

represents the pullout resistance. It is interesting to note that the pullout loads show a 

wide range of pullout resistance. For example the UX1700 pulls out at 3156 lbs and 5500 

lbs/ft. (74.3% increase) at 4 and 8 psi respectively in the 100% SSF. On the other hand, 

the pullout resistance is 797 and 1060 lbs/ft. (32.99% increase) at 4 and 8 psi for the 

100% DM and UX1700. These changes in pullout resistance from 4 to 8psi for all blends 

are illustrated by the length of the arrows on Figure 4.6.  The lengths of the arrows get 
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shorter towards the finer blends. Also the gap in the pullout resistance with the UX1400 

and UX1700 geogrids decrease with increasing fines. While the gap in pullout resistance 

between the two geogrids at 4 psi is 1241 lbs/ft. for the 80/20 SSF/DM, this difference is 

just 345 lbs/ft. for the 20/80 SSF/DM and 337 lbs/ft. for the 100% DM. This indicates the 

finer blends are not as sensitive to the normal pressure or the geogrid as the granular 

blends are. The effects of mean particle size and water content in the blends could have a 

huge influence on the pullout interaction behavior, and are discussed in detail below.  
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(a)UX1400 

 
(b)UX1700 

Figure 4.5: 3-Dimensional representation of pullout resistances of SSF-DM blends at 

different normal stresses (a) UX1400 and (b) UX1700 
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Mean particle size shows a decreasing trend with increasing dredged material 

content (Table 3.7). It is well arguable here that the 100% SSF and 80/20 SSF/DM 

material have particles large enough that can interlock efficiently against the transverse 

rib in grid apertures during pullout. It is harder for the geogrid to push through a barrier 

of bigger particles, which imparts a greater resistance to the geogrid. With the finer 

blends, the particles are smaller relative to the bearing member and can be easily 

displaced, and therefore breaking the interlocking barrier is easier as the geogrid pulls 

through (discussed in Jewell, 1984). Particle size is proven to play a very important role 

in pullout interaction of a geogrid (Palmeira, 1989, 2008; Jewell 1984, 1990; Wilson-

Fahmy, 1994; Teixeira 2007). The ratio of bearing member thickness (B) to mean particle 

diameter (D50) does show a definite inverse trend with pullout resistance up to B/D50 

equal to 12; and beyond this point the pullout load remains a constant (Palmeira, 2008). 

Therefore, the greater the difference in sizes between the particles and the bearing 

member thickness, the lesser is the mobilized resistance. The B/D50 ratio can be 

calculated for all the blend-geogrid combination using the information on geogrids and 

blends presented in Tables 3.3 and 3.7. The B/D50 ratio varies from 0.96 and 2.8 for the 

UX1400 and UX1700 respectively for the 100%SSF, to 12 and 35.25 for the 100% DM. 

All the blends have B/D50 ratios below 12. Hence the pullout resistance decreases with 

increasing amount of fines, as expected from this observation in literature.   

Another observation is that the two geogrids are of a very similar geometry and 

texture with the main difference being the thickness of the ribs. A thicker transverse rib 

would present a larger area of contact to the facing soil particles, and thus a stronger 

interlocking structure. Consequently the bearing resistance would be greater than that 

with a thinner bearing member. The UX1400 and the UX1700 are of the same texture and 

the samples were all of similar dimensions so that the contact area with soil is 
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approximately the same. Therefore, it would be expected that the frictional resistance be 

very similar.  However the bearing resistance in case of the UX1700 would have to be 

greater than the UX1400 owing to thicker ribs. Therefore, the difference in pullout 

resistances can be largely attributed to the greater passive resistance offered by the 

transverse ribs of the UX1700 as compared to the UX1700. Observing in Figure 4.6 that 

the pullout resistances for the finer blends are not as sensitive to the geogrid as the 

granular blends, it follows that the bearing resistance for the finer blends is not as big a 

component of the total pullout resistance. In the case of the granular blends where the 

interlocking of particles in apertures is relatively efficient, the passive resistance is 

consequently expected to be significant.  

From a bearing capacity point of view, the mechanism of a transverse member 

pulling through a soil mass is similar to a shallow footing failing in soil. As discussed in 

Section 2.4, bearing capacity can occur either by a General shear, Local shear or 

punching shear failure. While, general shear failures occur in granular soils, punching 

shear occurs in finer clayey soils.  In a General shear failure scenario, resistance has to 

mobilize along a bigger soil wedge before failure occurs, and would consequently show a 

higher resistance than other kind of failures.       Therefore, the granular blends like 100% 

SSF and 80/20 SSF/DM with particles comparable to bearing member thickness will 

interlock to form a larger failure wedge. Thus, a greater resistance is mobilized along the 

failure plane. The finer soils would tend to fail by local or punching shear failure 

mechanism, hence form smaller failure wedges thereby showing lesser resistance.  This 

explanation is also valid as seen in the shape of the force-displacement plot for the 

various blends, as will be explained in Section 4.3. 

The water content of the blends also has to be considered as an important 

parameter affecting test results. With the water contents of the finer blends being wet of 
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optimum, there might be an excess pore pressure developing in the material causing the 

effective stress to decrease. Therefore, the total effect of the normal stress applied on the 

pullout box may not be felt at the geogrid level, thereby resulting in smaller pullout 

resistance values. It is also very much possible that the greater water content of the finer 

blends allow for the particles to slip along the geogrid easily. In other words the water 

acts as a lubricant between particles and geogrid allowing for an easier pullout.  

 

 

Figure 4.6: Pullout tests at 4 and 8 psi for both geogrid and all SSF-DM media 

4.3  FORCE DISPLACEMENT CURVES: 

Force Displacement curves for all Pullout tests are presented in Appendix B. 

These plots contain information about the progression of mobilization of pullout 

resistance against displacement. In case of extensible geosynthetics, they also indicate 

100% SSF 100% DM 
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information about the mobilization of displacement at different locations of the geogrid in 

the course of a test.  A typical force-displacement plot for Monterey Sand and BX1100 

geogrid conducted at a normal pressure of 3 psi is shown below in Figure 4.7. The 

illustrations on the top right of Figure 4.7 represents the geogrid sowing the location of 

tell-tales which are attached to LVDT’s A, B and C. LVDT A is attached to the point on 

the geogrid that is closest to the sleeve on the front of the box, while LVDT C is attached 

to the farthest end of the geogrid from the sleeve.  

 

 
 

 

Figure 4.7: A typical Pullout force-Displacement Plot in a Pullout test 

The above figure tells us the pullout load was about 950 lbs. Owing to 

extensibility of the geogrid, each LVDT a different initial slope depending on the stage of 

the test when the displacement at that location is mobilized. Different slopes for the 

LVDT’s indicate extensibility of the geosynthetic. A metallic grid would all move out at 

LVDT’s    C       B      A 

Direction 
of Pullout 

Geogrid 
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once, therefore the LVDT’s wouldn’t show difference in displacement values. In the 

above example, LVDT A engaged first, followed by B and C, which is expected as A was 

the one closest to the sleeve, while C was the farthest. When pullout is achieved, there is 

no further increase in the load, as the geogrid has overcome all the soil resistance, and the 

curve plateaus. The following plots (Figure 4.8-4.9) containing force displacement data 

curves of a few tests that aid in comparison of the performance of the blends against each 

other. 

 

Figure 4.8: Force-Displacement curve for 100% SSF material and both geogrids 

100% SSF 
 4psi 
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Figure 4.9: Force-Displacement curve for 100% DM material and both geogrids 

The force displacement curves indicate that the 100% SSF show a more 

curvilinear response, with pullout resistance being mobilized continuously throughout the 

test. The UX1400 4psi test on the SSF broke to tension and is seen on the curve as a drop 

in load.  

In the case of the 100% DM, there seems to be an inflexion point where the slope 

changes and becomes more flat. Also, the displacement where the mobilization of pullout 

resistance becomes low is about 60 mm for the DM, whereas for the 100% SSF there is 

mobilization taking place even at a displacement of 150 mm. It was found that the tests 

with the 100% SSF and UX1700 lasted for long durations and were nearing the capacity 

of the testing system, and the test had to be stopped. Therefore, no plateaus are seen on 

these curves.  Figure 4.10 schematically compares the pullout response of the SSF and 

the DM materials.  

Literature has shown that spacing and thickness of the transverse rib greatly 

influence the pullout response of the geogrid. Both the UX1400 and UX1700 have a large 

100% DM 
4psi 
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spacing of 44 cm (17 in). Therefore it is safe to assume the interference between 

transverse ribs is negligible. It is observed that the granular blends (100%SSF and 80/20 

SSF/DM) that are composed of larger granular particles do not show plateaus in the load 

displacement curves, but instead a continuous mobilization of pullout resistance. This 

might be attributed to the fact that even after overcoming the initial friction barrier at the 

interface, the transverse rib has to continuously push through undisturbed zones in the 

material. In the case of the granular blends, the bearing action of the transverse ribs is 

greater than the finer blends, owing to the size of the particles leading to the observed 

shape of the curve. With the finer soils on the other hand, the bearing resistance is 

relatively small. Therefore once the initial frictional resistance and small bearing 

resistance are overcome, the geogrid pulls out and the pullout curve becomes flat.  

From the bearing capacity phenomenon perspective which is discussed earlier in 

Section 4.2, granular soils are expected to show larger failure wedges and finer soils 

smaller failure wedges. The continuously increasing pullout force-displacement curve of 

the granular blends reiterates the idea resistance mobilizing along the failure plane as the 

wedge is being formed. The finer blends which show plateaus could indicate a punching 

shear failure or a smaller failure wedge which doesn’t require as much of a resistance to 

be mobilized. 
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(b) UX1700 
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Figure 4.10: Force-Displacement curves showing comparison of SSF and DM materials 
with (a) UX1400 and (b) UX1700 

A schematic diagram illustrating the plan of the pullout box indicating the points 

of interest where the displacements are measured is shown below in Figure 4.11. Figure 

4.12 presents the load-displacement curve for all the blends with the UX1400 geogrid and 

at 4psi normal pressure. The displacement here is measured outside the box at the 

clamping end of the geogrid. The large displacement portion of the curves becomes 

flatter as the percentage of fines in the soil increases.  Figure 4.13 presents the load-

displacement curve for all the blends with the UX1400 geogrid and at 4psi normal 

pressure, with displacement being measured at mid-point of embedded portion of 

geogrid.  

 

 

 

 

 

 

 

 

 

 

 

Figure 4.11: Schematic showing location of measurement of displacements in Pullout 
box.  
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It is clear that once LVDT B (located at midpoint of geogrid) is engaged, the pullout 

curve for the SSF continues increasing, whereas the DM curve is flat. This means that, only a 

small displacement is required for finer soils to trigger pullout, whereas for the 100% SSF and 

80/20 SSF/DM materials, this process continues for much longer. This also indicates that the 

extensible nature of the geogrid is taken advantage of to a greater extent with the granular 

materials, and hence it is understandable to observe tension failures at higher normal stresses.   

 

 

 

Figure 4.12: Force-Frontal Displacement curve for all blends with UX1400 geogrid at 4 psi 
normal pressure; displacement being measured at clamping outside the box 
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Figure 4.13:  Force-Displacement curve for all blends with UX1400 geogrid at 4 psi normal 
pressure, displacement being measured at mid-point of embedded portion of 
geogrid 

 

4.4 ANGLE OF INTERACTION 

Another perspective to analyze the pullout tests is through the interaction angle. The 

advantage with this quantity is that it accounts for all the test variables as is clear in the 

expression presented below. As defined earlier, the interfacial shear strength is defined as shown 

below. 

τinterface= ca + σ’.tan(δ)           (4.1) 

where, ca is interface adhesion and δ the interface friction angle and   τinterface = ).2(
Pr

Le  
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Therefore, on plotting the interfacial shear strength against normal stress and fitting a 

linear trend-line through the points, the slope of the line would represent the term tan (δ), while 

Y-axis intercept would represent the term interface adhesion, as shown in Figure 4.14.  

 

 

 

  

 

 

 

 

 

 

Figure 4.14: Example pullout failure envelope 

Table 4.6 presents the interfacial shear strength calculated for all the blends with both 

geogrids. Figure 4.15 is a plot of the interfacial shear strength plotted against normal stress and 

aids in comparison of the relative interaction of the geogrids with the blends. It is evident that the 

slope of the failure envelope is decreasing with increasing DM content in the blend.  
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(a)  

 

(b) 

Figure 4.15: Interfacial Shear Strength envelopes for SSF-DM blends 
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Table 4.7 presents the slope of trend-line for all the materials and the error in fit (R2). 

These interfacial friction angles are plotted against the percentage of dredged material in the 

blend in Figure 4.16. Figures 4.17 (a)-(e) show a comparison of the interfacial shear strength 

between the two geogrids for each blend, along with trend-lines. The UX1700 is evidently 

superior to the UX1400.  In case of the UX1700, the interfacial friction angle varied from 32 

degrees with the 100% SSF to 4 degrees with the 100% DM, with a significant drop from the 

80/20 to the 50/50 SSF/DM media. The 80/20 SSF/DM blend exhibited a value of 30 degrees, 

while the rest of the blends showed values below 15 degrees. Thus the granular blends mobilize 

much greater resistance than the finer blends for a given change in normal stress. The interfacial 

friction angle with UX1400 geogrid was similar in magnitude to the UX1700, except with the 

80/20 SSF/DM blend, where the value was 6 degrees lower at 24 degrees. The interfacial 

adhesion did not vary much for the UX1400 geogrid, and was about 0.4 psi for all the blends. 

With the UX1700 geogrid, the granular blends showed interfacial adhesion values of 1.4 psi, and 

this dropped to o.8 psi for the rest of the blends.  

According to Jewell (1990), as explained in Chapter 2, as the geosynthetic is pulled out 

of soil it disturbs the particles immediately surrounding it. Consequently a rupture zone develops 

as the particles interact with the geosynthetic and among themselves.  This rupture zone is 

logically closer to the geosynthetic surface for a finer soil owing to smaller size of particles. 

Hence, the interaction is more localized at the interface allowing for a slipping action. For a 

granular soil with bigger particles, the rupture zone is pushed further into soil due to interlocking 

of the particles with the grid. For the geogrid to pullout in this case, it has to overcome a greater 

resistance that is more influenced by the soil shear strength. When the geosynthetic is a geogrid, 

a granular soil with bigger particles would show a greater interface from the rupture zone as well 

as bearing resistance from the interlocking at the apertures.   

This explanation can help to understand the different behaviors of the steel slag fines and 

dredged material. The motive would be to find a balance in proportions that will be suitable for 

earth structures, while also disposing off the two materials. Various design factors have been 
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devised in the past trying to quantify the performance of the backfill material. The next section 

describes interaction coefficients for the pullout tests conducted and all combinations.  

Table 4.6: Interfacial shear strength (τinterface)-(psi) for SSF-DM blends and two geogrids (a) 
UX1400 and (b) UX1700. 

(a) UX1400 
      Normal Pressure (psi)  

Material 2 4 6 8 
 100%SSF 1.447 TF     
 80/20 SSF/DM   2.248 3.143 TF 
   

   
  

  
50/50 SSF/DM  1.077 1.519 2.172 

  
20/80 SSF/DM   0.865 1.211 1.268 

   
 

      
 100%DM   0.606 0.654 0.932 
   

 
0.423 

 
  

  
 
 
 

    

 
 

(b) UX1700 
     Normal Pressure (psi)   

Material 4 6 8 
  100%SSF 3.690 5.516 6.227 
  80/20 SSF/DM 3.699 5.208 5.737 
    3.757   5.871 
   

50/50 SSF/DM 1.749 2.259 2.460 
   

20/80 SSF/DM 1.259 1.854 2.134 
   

100%DM 1.000 1.009 1.239 
   

(b) UX1700 
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Table 4.7: (a) Interface friction angle and (b) Interface adhesion for SSF-DM blends and two 
geogrids (UX1400 and UX1700). 

 UX1400   UX1700   

 Slope δ R2 
error Slope δ R2 

error 
100% SSF - - - 0.6342 32.38 0.94 

80/20 
SSF/DM 0.4472 24.09 1 0.5864 30.39 0.95 

50/50 
SSF/DM 0.2034 11.50 0.92 0.2226 12.55 0.88 

20/80 
SSF/DM 0.1179 6.72 0.83 0.1701 9.65 0.91 

100% DM 0.084 4.80 0.82 0.0737 4.22 0.87 

(a) 

 

  UX1400     UX1700     

  Ca (psi) Ca (psf) 
R2 
error Ca (psi) Ca (psf) 

R2 
error 

100% SSF - - - 1.3386 192.76 0.94 
80/20 
SSF/DM 0.4595 66.17 1 1.3 187.2 0.95 

50/50 
SSF/DM 0.4 57.6 0.92 0.8 115.2 0.88 

20/80 
SSF/DM 0.4 57.6 0.83 0.75 108 0.91 

100% DM 0.2 28.8 0.82 0.6 86.4 0.87 
 
(b) 
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(a) 

 

(b) 

Figure 4.16: (a) Interfacial friction angle and (b) Interfacial adhesion plotted against percentage 
dredged material in blend 

100% SSF 
100% DM 

100% SSF 100% DM 
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(a) 100% SSF                                                                                                     (b) 80/20 SSF/DM 

 
           (c) 50/50 SSF/DM 

Figure 4.17: Comparison of the Interfacial shear strength (Pr/2Le) for SSF-DM blends with the UX1400 and UX1700
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              (d) 20/80 SSF/DM                                   (e) 100% DM 

Figure 4.17(cont.): Comparison of the Interfacial shear strength (Pr/2Le) for SSF-DM blends with the UX1400 and UX1700
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A simpler way to analyze the relative strength of the all the media to pullout of 

the respective geogrids would be to assess the interfacial friction angle assuming the 

interfacial adhesion is zero. The resulting angle is termed as an equivalent interface 

friction angle (δ’), and is aids in the direct comparison of the pullout interaction in all the 

media.  This is done by estimating the slope of the trend line of the interfacial shear 

strength versus normal stress plot, after forcing the trend line to pass through the origin. 

Figure 4.18 represents the interfacial shear strength versus normal stress plot for all SSF-

DM media, with the trend line being forced to pass through the origin. The slope (tan 

(δ’)) and the value of the equivalent interface friction angle (δ’) in degrees, is presented 

in Table 4.8. 

Table 4.8: Equivalent interface friction angle (δ’) for SSF-DM media and both geogrids 

Blend Equivalent Interfacial Friction Angle 
 UX1400 UX1700 
 Tan(δ’) δ’ (degs) Tan(δ’) δ’ (degs) 

Monterey Sand 0.3142 17.44 0.5441 28.55 
100% SSF - - 0.842 40.10 

80/20 SSF/DM 0.5355 28.17 0.7854 38.15 
50/50 SSF/DM 0.2655 14.87 0.3468 19.13 
20/80 SSF/DM 0.18 10.20 0.2865 15.99 

100% DM 0.1174 6.70 0.1721 9.76 
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(a)  
 

 
(b) 

Figure 4.18: Interfacial Shear Strength envelopes for SSF-DM blends 
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On plotting the values of the Equivalent Interfacial Friction Angle versus 

percentage of DM in the media, the trend shown in Figure 4.19 is observed. A clear 

decreasing trend indicates the quality of pullout interaction is also decreasing as the 

percentage of fines in the media increases. Also, the interaction angle with the UX1700 is 

greater than the UX1400 as expected. 

 

 

Figure 4.19: Equivalent Interfacial Friction Angle for all tested SSF-DM media and both 
geogrids  

4.5 COEFFICIENT OF INTERACTION  

As defined earlier in Section 2.2, the classic expression for the coefficient of 

interaction (ci) the ratio of tangent of the interfacial friction angle at the soil-geogrid 

interface (δ) to the internal soil friction angle (φ). Interfacial friction angle (δ) is obtained 

by normalizing the interfacial shear strength at the soil-geogrid interface (Pr/2Le) by the 

100% SSF 100% DM 
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normal stress (σ).  The classical expression for the coefficient of interaction is shown 

below in equation 4.2 

 

       

          (4.2) 

 

However, when the tested media exhibits a cohesion component, another quantity 

called the modified coefficient of interaction, ci,mod, was proposed in the study to factor 

in the cohesion component of the blends into the expression of the classic ci. This 

quantity is also a ratio of the interfacial shear strength at the soil-geogrid interface (τg-s) 

and the internal soil shear strength (τs), except the soil shear strength accounts for the 

cohesion. . The expression is presented below. Ci,mod is presented for all the blends to 

better understand the efficiency of interaction. 

 

   

 (4.3)   (4.3) 

 

Both these quantities are explained in detail in Section 2.2. Just to reiterate for 

cohesionless soils, the direct shear and the pullout failure envelopes pass through the 

origin indicating there is zero adhesion between the particles and the geogrid and 

cohesion within themselves. In this case, the expression yields the same value for both 

interaction coefficients.  

The values of the interaction coefficients for all the pullout tests are presented in Table 

4.9.
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Table 4.9: Interaction Coefficients for all Pullout tests 

Serial 
No. 

Test 
Id. Date Material Geogrid 

Normal 
Stress 
(psi) 

Pullout 
Resistanc
e (lbs/ft.) 

Embedmen
t Length 
(Le) (ft.) 

Friction 
angle 

φ(degs) 

Cohesion 
c (psf) 

Coefficient 
of 

Interaction  
ci 

Modified 
Coefficient 

of 
Interaction  

ci,mod 

            
            

1 22 27-Feb-12 Monterey 
Sand BX1100 3 1011 1.914 

39 0 
0.755 0.755 

2 23 4-Mar-12  BX1100 3 962 1.98 0.694 0.694 

   

Monterey 
Sand 

        
3 T11 9-Jan-13 UX1400 0.5 156 2.97 

39 0 

0.450 0.450 
4 37 2-Apr-12 UX1400 4 1107 2.97 0.400 0.400 
5 90 19-Jul-12 UX1400 4 1019 2.87 0.381 0.381 
6 33 27-Mar-12 UX1400 6 1026 3.14 0.234 0.234 
7 91 19-Jul-12 UX1400 6 1348 2.87 0.336 0.336 
8 32 26-Mar-12 UX1400 8 2027 2.97 0.366 0.366 
9 89 18-Jul-12 UX1400 8 2482 3 0.443 0.443 

10 T12 18-Jan-13 UX1700 0.5 223 2.9 0.659 0.659 
11 34 28-Mar-12 UX1700 4 1737 2.87 0.649 0.649 
12 85 17-Jul-12 UX1700 4 2047 2.87 0.765 0.765 
13 87 17-Jul-12 UX1700 6 2423 2.87 0.603 0.603 
14 35 29-Mar-12 UX1700 8 3633 2.97 0.656 0.656 
15 92 20-Jul-12 UX1700 8 4060 2.87 0.758 0.758 
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Table 4.9 (continued) 

   

100% SSF 

        
16 40 10-Apr-12 UX1400 4 TF 3.13 

40.8 611.4 

- - 
17 41 12-Apr-12 UX1400 2 1238 3.13 0.796 0.230 
18 42 15-Apr-12 UX1700 4 2531 3.13 0.813 0.365 
19 T13 13-Mar-13 UX1700 4 3156 3.13 1.014 0.455 
20 46 22-Apr-12 UX1700 6 4718 3.13 1.011 0.555 
21 45 21-Apr-12 UX1700 8 5326 3.13 0.856 0.530 

   

 
 

100% DM 

        
22 47 25-Apr-12 UX1400 4 518 2.97 

31.7 675.1 

0.245 0.085 
23 T6 2-Nov-13 UX1400 4 362 2.97 0.171 0.059 
24 49 29-Apr-12 UX1400 6 559 2.97 0.176 0.078 
25 48 28-Apr-12 UX1400 8 797 2.97 0.189 0.097 
26 50 30-Apr-12 UX1700 4 855 2.97 0.405 0.140 
27 T8 19-Oct-13 UX1700 6 863 2.97 0.272 0.120 
28 51 1-May-12 UX1700 8 847 3 0.198 0.102 
29 T9 30-Oct-13 UX1700 8 1060 2.97 0.251 0.129 

   

80/20 
SSF/DM 

        
30 53 21-May-12 UX1400 4 1923 2.97 

41.1 733 

0.644 0.262 
31 54 24-May-12 UX1400 6 2688 2.87 0.621 0.315 
32 T3-1 25-Nov-13 UX1400 6 2071 2.97 0.463 0.235 
33 T3-2 1-Dec-13 UX1400 6 2154 2.97 0.481 0.244 
34 55 31-May-12 UX1400 8 2088 2.97 0.350 0.202 
35 T4 7-Dec-13 UX1400 8 TF 2.97 - - 
36 56 4-Jun-12 UX1700 4 3164 2.87 1.097 0.446 
37 T2 28-Nov-13 UX1700 4 3214 2.97 1.077 0.438 
38 58 7-Jun-12 UX1700 6 3255 2.87 0.752 0.381 
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Table 4.9 (continued) 
39 T1 23-Nov-13 

 

UX1700 6 4455 2.97 

  

0.995 0.504 
40 57 6-Jun-12 UX1700 8 4907 2.97 0.822 0.475 
41 T5 11-Dec-13 UX1700 8 5022 2.97 0.841 0.486 

   

50/50 
SSF/DM 

        
42 59 12-Jun-12 UX1400 4 641 2.97 

46.7 1425.3 

0.177 0.053 
43 T15 31-Mar-13 UX1400 4 921 2.9 0.260 0.078 
44 60 13-Jun-12 UX1400 6 789 2.9 0.148 0.058 
45 T16 2-Apr-13 UX1400 6 1299 2.9 0.244 0.096 
46 61 14-Jun-12 UX1400 8 1858 2.97 0.256 0.118 
47 62 18-Jun-12 UX1700 4 1496 2.9 0.422 0.127 
48 63 20-Jun-12 UX1700 6 1455 2.84 0.279 0.109 
49 T14 28-Mar-13 UX1700 6 1932 2.9 0.363 0.142 
50 64 21-Jun-12 UX1700 8 2104 2.87 0.300 0.138 

   

20-80 
SSF-DM 

        
51 65 22-Jun-12 UX1400 4 740 2.97 

36.5 1054 

0.292 0.084 
52 66 24-Jun-12 UX1400 6 1036 2.97 0.273 0.103 
53 67 25-Jun-12 UX1400 8 814 2.97 0.161 0.072 
54 72 29-Jun-12 UX1400 8 1085 2.97 0.214 0.096 
55 68 26-Jun-12 UX1700 4 1077 2.97 0.425 0.122 
56 69 27-Jun-12 UX1700 6 1586 2.9 0.428 0.161 
57 71 28-Jun-12 UX1700 8 1825 2.94 0.364 0.163 

 

Note: 

O Highlighted fields indicate the test was repeated due to the human errors or malfunctioning of equipment. 
O TF indicates tests where the geogrid failed to tension and not pullout. 



 116 

The UX1400 geogrid shows lower interaction with all the materials when compared to 

the UX1700 due to the pullout forces being lower. In tests with Monterey Sand which was the 

control media in the testing program, the data points of the pullout resistance values plotted 

against normal stress pass through the origin, thereby proving the cohesionless nature of the 

sand. Therefore, the ci values must be the same as the ci,mod values, and were estimated to be 

about 0.39 for the UX1400 and around 0.65 for the UX1700. It should be noted that these 

geogrids have a fairly large spacing of 17” (44 cm) and only two transverse ribs could be 

accommodated in the samples used in the pullout tests.  

The coefficient of interaction for all the blends and both the geogrids is plotted in Figure 

4.20. All the series show a general decreasing trend with increasing normal stress. This indicates 

the presence of adhesion between the geogrid and the particles, which is also evident from 

presence of an intercept on the Y-axis in the pullout resistance-normal stress plot.  The SSF and 

the 80/20 SSF/DM material show ci values much above Monterey Sand for both the geogrids. In 

case of the UX1700, ci values range from 1.0 initially to 0.8 at 8psi normal pressure which is 

remarkable. The rest of the blends show values of ci ranging 0.2 to 0.4 for the two geogrids, and 

all lie very close to each other. 

Owing to the high cohesion values of the SSF-DM blends, the ci,mod values were 

observed to be fairly low, generally below 0.5 as shown in Figure 4.21. However, this is more a 

result of the formulation of the ci,mod quantity. The 80/20 SSF/DM blend was very close to the 

100% SSF in performance, and is a very promising avenue to be used as backfill material. These 

two materials show ci,mod values very close to the Monterey Sand. The rest of the blends were 

very close to each other in terms of ci,mod values, and were about 0.10 with the UX1400 and 

0.15 with the UX1700. This indicated a very poor quality of interaction between the geogrid and 

the blend material.    

Figure 4.22 and 4.23 show the comparison of the interaction coefficients between the 

UX1400 and the UX1700 for all the blends. Once again the gap in performance is more evident 

with the granular blends than with the finer blends.  
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Interaction coefficients provide an estimate of what percentage of the soil strength is 

being mobilized at the interface; however, it appears that they do not provide an in-depth insight 

toward the pullout performance of cohesive materials. These coefficients were originally 

developed for cohesionless soils, and their applicability for cohesive soils has not been well 

understood. Various assumptions are involved in the definition of these coefficients, especially 

with extensible geosynthetics. It is advisable to consider other quantities, like the pullout 

resistance and soil strength. 
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(a) 

 

(b) 

Figure 4.20: Coefficient of Interaction against Normal stress for SSF-DM blends (a) UX1400, 
(b) UX1700
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(a) 

 
(b) 

Figure 4.21: Modified coefficient of Interaction against Normal stress for SSF-DM 
blends (a) UX1400, (b) UX1700 
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a) Monterey Sand  (b) 100% SSF  

 

 
 

(c) 80/20 SSF/DM        (d) 50/50 SSF/DM  

Figure 4.22: Comparison of ci values for UX1400 and UX1700 geogrids for all SSF-DM blends 
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(e) 20/80 SSF/DM        (f) 100% DM  
 
Figure 4.22(cont.): Comparison of ci values for UX1400 and UX1700 geogrids for all SSF-DM blends 
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(a) Monterey Sand  (b) 100% SSF  

     
(c) 80/20 SSF/DM  (d) 50/50 SSF/DM 

Figure 4.23: Comparison of ci,mod values for UX1400 and UX1700 geogrids for all SSF-DM blends 
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(e) 20/80 SSF/DM        (f) 100% DM 

 

Figure 4.23(cont.): Comparison of ci,mod values for UX1400 and UX1700 geogrids for all SSF-DM blends
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Chapter 5: Conclusions and Recommendations 

5.1 CONCLUSION 

In this project, laboratory pullout tests were conducted with individual and 80/20, 

50/50 and 20/80 mixes of industrial steel slag fines and dredged material obtained from 

the Baltimore harbor. The objective was to study the performance of these blends with 

two commonly used HDPE geogrids, i.e. the Tensar UX1400MSE and the UX1700MSE. 

Confining pressures of 4, 6 and 8 psi were adopted in order to ensure the pullout capacity 

lay within the tensile capacity of the geogrids and limits of the testing equipment. Sample 

dimensions, relative compaction, strain rate and moisture content were kept the same 

across all the tests to allow a direct comparison between results. Monterey Sand was used 

as the control media that served as the basis for establishing functionality of the pullout 

testing system and for all further analysis of performance of the blends. Comparisons 

were drawn between pullout resistance values of all the blends and geogrid combinations.   

The following points summarize the findings of the research program.  

• The ultimate tensile strength observed with the UX1700 geogrid was about 2.5 

times greater than with the UX1400 geogrid, mainly due to transverse ribs that are 

3 times thicker. The UX1400 geogrid failed to tension with the 100% SSF and 

80/20 SSF/DM media at normal pressures above 2 and 6 psi respectively, and 

such tests were not included with other test results analysis. 

• The 100% SSF and 80/20 SSF/DM blend show a pullout resistance about twice 

the value observed with Monterey Sand with both geogrids. The 100% DM 

showed mean pullout resistance values that were about 3 to 4 times lower than the 

100% SSF. The 80/20 SSF/DM was within 10% of the results observed with 

100% SSF in terms of pullout resistance values. The rest of the blends showed 

lower pullout resistance than Monterey Sand. Therefore, it was observed that the 
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addition of 20% of DM to the SSF media does not seem to alter the pullout 

interaction behavior of the resulting blend by much. 

• It is counter-intuitive that the 50/50 SSF/DM, which showed the highest shear 

strength (1.8 times that of the 100% SSF at 4psi normal stress) showed a pullout 

resistance lesser than the 100% SSF and 80/20 SSF/DM media. However, it is 

important to note that the samples for the Direct Shear test were first sieved to 

remove the larger particles that could induce boundary effects with the shear box. 

This process of sieving would result in the removal of the larger SSF particles, 

thereby disrupting the particle gradation of the blend in the sample. Therefore, the 

Direct shear test results are not completely indicative of the strengths of the 

media, especially the 100% SSF and 80/20 SSF/DM.  However, the pullout test 

results were analyzed independently of the Direct shear tests so as to gain a clear 

insight into the quality of pullout interaction of the blends relative to each other. 

• The UX1400 and UX1700 geogrids have the same texture and the same 

geometry, and all tested samples were of similar dimensions, making it is safe to 

assume that the interfacial friction resistance is approximately the same for both 

geogrids. Therefore, it is highly probable that the difference in thickness of the 

ribs that lead to the mobilization of bearing resistance will be the important 

distinguishing parameter in the pullout behavior. The granular blends show a 

greater difference in pullout resistance between the UX1400 and UX1700 than the 

finer blends. This indicates the possibility of existence of better pullout interaction 

in the granular blends than the finer blends. 

• Possible factors that influence the pullout behavior were studied by observing the 

results from all the blends. One of the factors expected to heavily influence this 

was identified to be the sizes of the particles in the media. Larger particles are 
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capable of stronger interlocking in the grid apertures and hence, a greater force 

would be required to overcome this resistance. With the finer blends, the particles 

are smaller and easier to rearrange allowing for the geogrid to pullout relatively 

easily. An analogy of bearing capacity failures of footings in soil was drawn to 

the mechanism of mobilization of bearing resistance at the transverse members. 

This aided in hypothesizing that gap in observed pullout resistance could be due 

to varying magnitudes of mobilized bearing resistance at the transverse members 

in the different media. While granular soils show general shear failure and a larger 

failure wedge leading to greater bearing capacity, weaker clays show smaller 

failure wedges and thus lower bearing capacity.  

• The pullout force-displacement curves of the granular blends showed a curvilinear 

trend and continuously increased in resistance up to large displacements (beyond 

150 mm of frontal displacement). The curves for the finer blends were less curved 

and the rate of mobilization of pullout resistance dropped significantly beyond 

50mm of frontal displacement in most cases. It should be noted that the 100% 

DM showed very early plateaus in the pullout force-displacement curves, 

indicating that little resistance is mobilized once the initial force barrier is 

overcome and displacement is mobilized at the sleeve at the sleeve of the pullout 

box.  Therefore, addition of steel slag fines imparts strength to the material and 

ensures greater pullout interaction with the geogrid, which results in continuous 

mobilization of resistance as the test progresses. From a bearing capacity 

perspective, the continuous mobilization of pullout resistance in the granular 

blends could be due to formation of a larger failure wedge, while the smaller 

wedges in case of the finer soils leads to an early plateau.   
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• Moisture content in the blends was identified to be another parameter that could 

influence the test results. While the 100% SSF and 80/20 SSF/DM were 

compacted close to optimum water contents, the rest of the blends were about 10 

percentage points wet of optimum (since samples were tested in the ‘as-received’ 

state). From the pullout test results, it was observed that the finer blends show 

lesser increase in pullout force with increasing normal stress than the granular 

blends, which could hypothetically be explained by a buildup of excess pore 

pressure leading to undrained behavior. The excess pore pressure can result in an 

effective stress on the geogrid that is lower than the applied total stress, leading to 

smaller pullout resistance values.  

• The interfacial friction angle is a quantitative measure of the rate of mobilization 

of pullout resistance with change in normal stress. This quantity was estimated 

from the slope of the interfacial shear strength envelope (weh plotted against total 

normal stress) for all SSF-DM media. As expected, it showed a decreasing trend 

with increasing DM content in the blend. Thus the granular blends mobilize much 

greater resistance than the finer blends for a given change in normal stress. The 

interfacial friction angle with UX1400 geogrid was similar in magnitude to the 

UX1700, except with the 80/20 SSF/DM blend, where the difference was about 6 

degrees. In case of the interfacial adhesion, a wide difference between the two 

geogrids was observed in case of the granular blends. This reiterates the existence 

of greater pullout interaction of granular blends with bearing members of geogrid, 

leading to larger pullout resistance. 

• Coefficient of interaction (ci) was estimated to quantitatively compare the 

performance of the material-geogrid combinations. Monterey Sand exhibited a ci 

of about 0.39 and 0.65 for the UX1400 and UX1700 respectively. The 100% SSF 
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was observed to show the best interaction with the geogrids, with ci values of 0.8 

and 0.96 with the UX1400 and UX1700 respectively while the least interaction 

was found to be with the 100% DM media which exhibited ci values of 0.2 and 

0.31. Among the blends, ci values of the 80/20 SSF/DM was higher than 

Monterey sand, while the other two blends were below Monterey Sand closer to 

the 100% DM. It has to be noted that the 80/20 SSF/DM demonstrated 

considerably good interaction, similar the 100% SSF media, with ci values of 0.55 

and 0.96. This observation presents a very promising area for further study in 

order to ascertain the quality of the material to be used commercially. 

• A modified expression for the coefficient of interaction was proposed to 

incorporate the cohesive property of the tested media. The expression was 

converted to a ratio of interfacial shear strength in terms of pullout resistance and 

the internal soil shear strength in terms of cohesion and friction angle based on 

total stress. Overall, this formulation resulted in the magnitudes of the ci,mod 

drop below the ci. All tested media, owing to the significant cohesion component 

of shear strength, exhibited ci,mod values below Monterey Sand. The 100% SSF 

and the 80/20 SSF/DM showed similar ci,mod values, ranging from  0.23 to 0.31 

and 0.45 to 0.56 with the UX1400 and UX1700 respectively. The finer blends, i.e. 

50/50, 20/80 SSF/DM and the 100% DM exhibited ci,mod values between 0.06 to 

0.1 with the UX1400  and 0.12 to 0.16 with the UX1700. This indicates the finer 

blends mobilize a very small component of the soil shear strength at the soil-

geogrid interface, while the granular blends mobilize a larger portion.  

From close observation of the results, it is evident that the 80/20 SSF/DM is very 

promising mix in order to retain the efficiency in pullout performance of the 100% SSF, 

while also providing an avenue for the disposal of the 100% DM. The dredged material 
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as a backfill showed very poor pullout interaction with the geogrid reinforcements, and 

requires blending with steel slag fines to strengthen the mix. This is also a very 

economically viable alternative in regions like Maryland where the bulk production of 

steel and dredging of river canals takes place thus making the required material readily 

available.   

5.2 RECOMMENDATIONS FOR FURTHER STUDIES 

Dredged material demonstrates very poor performance in pullout of geogrids, and 

cannot be used directly as backfill material. Using industrial by-products like steel slag 

fines in conjunction with dredged material, is a viable and very promising alternative. 

This project aimed to characterize the pullout interaction of different proportions of DM 

content in SSF and thus establish the quality of the mixes for using as backfill material. 

Based on the experiences and understanding of the project, the following 

recommendations are provided with a view to better understand the pullout behavior of 

the SSF-DM blends.   

• A wider range of normal stresses should be tested to understand the trend of 

mobilization of pullout resistance. This range could go up to 12 psi.  

• Pullout tests should be conducted at lower water contents for the finer blends, to 

mitigate the possible effects of excess pore pressure that could develop within 

media.  

• The granular blends should be tested to longer durations (500 mm displacement) 

to study the large-strain behavior of the pullout force-displacement curves. 

• Large scale Direct Shear tests would dispel the need to sieve the media to mitigate 

boundary effects, and provide an accurate estimate of the strength parameters.   
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• Earth pressure cells and pore pressure transducers, although hard, could be 

installed in the soil media to ascertain the total stress and excess pore pressure that 

develops in the pullout box. 

• Because of the geometry of the geogrid and the pullout box that was used in the 

program, only two transverse ribs could be accommodated in the pullout box. A 

larger scale test would provide better insight into the interference between the 

transverse ribs ultimate pullout resistance.     
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Appendix A: Direct Shear Test Results 

Appendix A is a collection of the direct shear test results on all the SSF-DM 

blends. Each page represents a report on the tests conducted on the blends at different 

normal pressures. Each blend was tested at 4 normal stresses, i.e. 1, 4, 6 and 8 psi. Other 

test details presented include the equivalent weights on the hanger of the testing machine, 

water content of the material, and the relative compaction of the sample. The measured 

shear stress (psi) is obtained as the measured horizontal force per unit area of sample.  

A plot of the shear stress (psi) versus normal stress (psi) is presented for each 

material tested, and the strength parameters, i.e. cohesion and friction angle are presented 

alongside.



Direct Shear Test Results
Soil Type 100% SSF

Shear Test Parameters

Sigma
Weight for Normal 

Pressure
Weight for Normal 

Pressure
w RC Measured 

Measured 
Horizontal Force

psi lbs kg % % psi lbs
1 9 4.1 11.7 0.78 4.68 42.11
4 35.86 16.3 11.0 0.75 8.08 72.41

5.96 53.78 24.4 11.0 0.76 10.13 90.83
8 72.00 32.6 11.0 0.79 10.47 94.23

Measured Strength Parameters
° c 
40.8 611.37 psf

4.25 psi

y = 0.8633x + 4.2479
R² = 0.9368
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Direct Shear Test Results
Soil Type 100% DM(MPA)

Shear Test Parameters

Sigma
Weight for Normal 

Pressure
Weight for Normal 

Pressure
w RC Measured 

Measured 
Horizontal Force

psi lbs kg % % psi lbs
4 35.86 16.3 37.6 1.00 7.13 64.17
6 53.78 24.4 35.0 1.00 8.45 76.05
8 72.00 32.6 38.6 0.99 9.60 86.40

Measured Strength Parameters
° c 
31.7 675.1 psf

4.69 psiy = 0.6175x + 4.6883
R² = 0.9984
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Direct Shear Test Results
Soil Type 80/20 SSF/DM

Shear Test Parameters

Sigma
Weight for Normal 

Pressure
Weight for Normal 

Pressure
w RC Measured 

Measured 
Horizontal Force

psi lbs kg % % psi lbs
1.03 9 4.1 17.0 0.78 5.85 23.9
4 35.86 16.3 18.0 0.75 8.86 36.10
6 53.78 24.4 15.0 0.76 10.31 41.90
8 72.38 32.8 16.0 0.79 11.98 48.90

Measured Strength Parameters
° c 
41.1 732.96 psf

5.09 psi

y = 0.8723x + 5.1001
R² = 0.9948
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Direct Shear Test Results
Soil Type 50/50 SSF/DM

Shear Test Parameters

Sigma
Weight for Normal 

Pressure
Weight for Normal 

Pressure
w RC Measured 

Measured 
Horizontal Force

psi lbs kg % % psi lbs
1 9 4.1 27.7 0.79 10.92 98.29

4.02 35.86 16.3 28.0 0.76 14.26 127.89
5.96 53.78 24.4 28.0 0.76 16.17 144.94
8.04 72.00 32.6 32.6 0.78 18.44 165.92

Measured Strength Parameters
° c 
46.7 1425.26 psf

9.90 psi

y = 1.0629x + 9.8934
R² = 0.9996
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Direct Shear Test Results
Soil Type 20/80 SSF/DM

Shear Test Parameters

Sigma
Weight for Normal 

Pressure
Weight for Normal 

Pressure
w RC Measured 

Measured 
Horizontal Force

psi lbs kg % % psi lbs
4.02 35.86 16.3 31.8 0.88 10.24 91.85
4 35.86 16.3 33.0 0.87 10.27 92.06
6 53.78 24.4 32.0 0.79 11.89 106.60

8.07 72.00 32.6 34.0 0.78 13.23 119.10

Measured Strength Parameters
° c 
36.5 1053.99 psf

7.32 psi

y = 0.7402x + 7.3198
R² = 0.9962
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Appendix B: Pullout Test Results 

Appendix B is a collection of the Pullout test results on the Monterey Sand and all the 

SSF-DM blends, i.e. 100% SSF, 100% DM, 80/20 SSF/DM, 50/50 SSF/DM and the 20/80 

SSF/DM in that order. Each page represents a report on the test conducted on the blend at a 

given normal pressure. The report broadly includes information pertaining to pullout box, 

geogrid details, material details and normal stress. Geogrid details include the identity of the 

geogrid being tested and sample dimensions used for the test. The material properties section 

includes information on the name, water content, relative compaction and strength properties of 

the material being tested.  

 Results presented are the maximum pullout resistance, displacements of the LVDT’s and 

comments salient to the test. A plot of the pullout force against displacement at various locations 

of the LVDT’s on the geogrid is shown for each test at the bottom. 

Note: Each test is marked with a unique Test ID which can be linked to Table 4.4 in 

Chapter 4.  

  

 

 

 

 

 

 

 

 



Test Name
Date
Member

Length Width Depth Area (in2)
60 24 11 1440

ManufactureProduct
Tensar BX1100
Width

1

3 0.04

Maximum Displacements
LVDT Disp (mm)

A 25.259
RESULTS B 57.100

1010.93 C 25.445
1010.93

Comments:

Test Duration:  1.6 hours

Plateau observed, Good test

1.5

Material Properties

Monterey Sand
39

Large Pullout Test

Moisture Content (%)
Friction Angle (φ')

Box Dimensions 

(inch)

Geogrid Details

Embedment Length (Le)Specimen 

Information(ft)

Material Name

99
100%
134
4

2/27/2012
Test 

details : 

BX1100‐Monterey Sand‐3psi

Kemp

Test Details
Normal 
Stress σ' 
(psi)

Rate of Pullout 
(in/min)

Height from base to sleeve
5

Ultimate Tensile Strength

1.914

1300 lb/ft

Maximum Load (lb)
Pullout Resisatnce (lb/ft)

Target ϒd(pcf)
Target Compaction
Weight of each Lift
No. of Lifts
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Test Serial No. 1

ssh794
Typewritten Text



Test Name
Date
Member

Length Width Depth Area (in2)
60 24 11 1440

ManufactureProduct
Tensar BX1100
Width

1

3 0.04

Maximum Displacements
LVDT Disp (mm)

A 18.227
RESULTS B 30.334

961.61 C 50.356
961.61

Comments:

Test Duration:  1.5 hours

Plateau observed

Good Test

Target ϒd(pcf)
Target Compaction
Weight of each Lift
No. of Lifts

99
100%
134
4

Maximum Load (lb)
Pullout Resisatnce (lb/ft)

3/4/2012
BX1100‐Monterey Sand‐3psi

Kemp

Test Details
Normal 
Stress σ' 
(psi)

Rate of Pullout 
(in/min)

Height from base to sleeve
5

Ultimate Tensile Strength

1.98

1300 lb/ft

1.5

Material Properties

Monterey Sand
39

Large Pullout Test

Moisture Content (%)

Test 

details : 

Box Dimensions 

(inch)

Geogrid Details

Embedment Length (Le)Specimen 

Information(ft)

Material Name
Friction Angle (φ')
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Test Serial No. 2



Test Name
Date
Member

Length Width Depth Area (in2)
60 24 11 1440

ManufactureProduct
Tensar UX1400
Width

1

0.5 0.04

Maximum Displacements
LVDT Disp (mm)

A 21.242
RESULTS B 15.955

156.16 C 22.649
156.16

Comments:

Good test

201

99.3
100

ϒd,max (pcf)
Target Compaction
Weight of each Lift
No. of Lifts 4

Maximum Load (lb)
Pullout Resisatnce (lb/ft)

Test 

details : 

Material Properties

1.5%

Monterey Sand
39

Large Pullout Test

Friction Angle (φ')

Box Dimensions 

(inch)

Geogrid Details

Moisture Content (%)

Specimen 

Information(ft)

Material Name

1/9/2013
UX1400‐100%DM‐.5psi

Jacob

4800 lb/ft

Height from base to sleeve

Ultimate Tensile Strength

Normal 
Stress σ' 
(psi)

Embedment Length (Le)

Test Details

5

Rate of Pullout 
(in/min)

2.97
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Test Serial No. 3



Test Name
Date
Member

Length Width Depth Area (in2)
60 24 11 1440

ManufactureProduct
Tensar UX1400
Width

1.5

4 0.04

Maximum Displacements
LVDT Disp (mm)

A 99.468
RESULTS B 108.321

1660.63 C 109.136
1107.09

Comments:

Test Duration:  3.52 hours

Good test

Maximum Load (lb)
Pullout Resisatnce (lb/ft)

ϒd,max (pcf)
Target Compaction
Weight of each Lift (lbs)
No. of Lifts

99
100%
134
6

4/2/2012
UX1400‐Monterey Sand‐4psi

Kemp

Test Details
Normal 
Stress σ' 
(psi)

Rate of Pullout 
(in/min)

Height from base to sleeve
5

Ultimate Tensile Strength

2.97

4800 lb/ft

1.5

Material Properties

Monterey Sand
39

Large Pullout Test

Moisture Content (%)

Test 

details : 

Box Dimensions 

(inch)

Geogrid Details

Embedment Length (Le)Specimen 

Information(ft)

Material Name
Friction Angle (φ')
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Test Serial No. 4



Test Name
Date
Member

Length Width Depth Area (in2)
60 24 11 1440

ManufactureProduct
Tensar UX1400
Width

1

4 0.04

Maximum Displacements
LVDT Disp (mm)

A 29.661
RESULTS B 8.134

1019.15 C 42.598
1019.15

Comments:

Test Duration:  1.58 hours

Plateau observed

Moisture Content (%)

Test 

details : 

Box Dimensions 

(inch)

Geogrid Details

Embedment Length (Le)Specimen 

Information(ft)

Material Name
Friction Angle (φ')

7/19/2012
UX1400‐Monterey Sand‐4psi

Kemp

Test Details
Normal 
Stress σ' 
(psi)

Rate of Pullout 
(in/min)

Height from base to sleeve
5

Ultimate Tensile Strength

2.87

4800 lb/ft

1.5

Material Properties

Monterey Sand
39

Large Pullout Test

ϒd,max (pcf)
Target Compaction
Weight of each Lift (lbs)
No. of Lifts

99
100%
134
6

Maximum Load (lb)
Pullout Resisatnce (lb/ft)
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Test Serial No. 5



Test Name
Date
Member

Length Width Depth Area (in2)
60 24 11 1440

ManufactureProduct
Tensar UX1400
Width

1.5

6 0.04

Maximum Displacements
LVDT Disp (mm)

A 39.480
RESULTS B 21.230

1538.25 C 8.719
1025.50

Comments:

Test Duration:  1.16 hours

Stopped early because clamp bar ran into piston

Was repeated

Maximum Load (lb)
Pullout Resisatnce (lb/ft)

ϒd,max (pcf)
Target Compaction
Weight of each Lift (lbs)
No. of Lifts

99
100%
134
6

3/27/2012
UX1400‐Monterey Sand‐6psi

Jake

Test Details
Normal 
Stress σ' 
(psi)

Rate of Pullout 
(in/min)

Height from base to sleeve
5

Ultimate Tensile Strength

3.14

4800 lb/ft

1.5

Material Properties

Monterey Sand
39

Large Pullout Test

Moisture Content (%)

Test 

details : 

Box Dimensions 

(inch)

Geogrid Details

Embedment Length (Le)Specimen 

Information(ft)

Material Name
Friction Angle (φ')
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Test Serial No. 6



Test Name
Date
Member

Length Width Depth Area (in2)
60 24 11 1440

ManufactureProduct
Tensar UX1400
Width

1

6 0.04

Maximum Displacements
LVDT Disp (mm)

A 142.515
RESULTS B 98.135

1347.90 C 170.540
1347.90

Comments:

Test Duration:  4.37 hours

No plateau observed

test stopped on reaching capacity of system

ϒd,max (pcf)
Target Compaction
Weight of each Lift (lbs)
No. of Lifts

99
100%
134
6

Maximum Load (lb)
Pullout Resisatnce (lb/ft)

7/19/2012
UX1400‐Monterey Sand‐6psi

Fabrizio,Kemp

Test Details
Normal 
Stress σ' 
(psi)

Rate of Pullout 
(in/min)

Height from base to sleeve
5

Ultimate Tensile Strength

2.87

4800 lb/ft

1.5

Material Properties

Monterey Sand
39

Large Pullout Test

Moisture Content (%)

Test 

details : 

Box Dimensions 

(inch)

Geogrid Details

Embedment Length (Le)Specimen 

Information(ft)

Material Name
Friction Angle (φ')
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Test Serial No. 7



Test Name
Date
Member

Length Width Depth Area (in2)
60 24 11 1440

ManufactureProduct
Tensar UX1400
Width

1.5

8 0.04

Maximum Displacements
LVDT Disp (mm)

A 6.184
RESULTS B 0.002

3041.00 C 0.021
2027.34

Comments:

Test Duration:  2.27 hours Force Time plot presented

Stopped early because clamp bar ran into piston, Lvdt's not working

Was repeated

ϒd,max (pcf)
Target Compaction
Weight of each Lift (lbs)
No. of Lifts

99
100%
134
6

Maximum Load (lb)
Pullout Resisatnce (lb/ft)

3/26/2012
UX1400‐Monterey Sand‐8psi

Kemp

Test Details
Normal 
Stress σ' 
(psi)

Rate of Pullout 
(in/min)

Height from base to sleeve
5

Ultimate Tensile Strength

2.97

4800 lb/ft

1.5

Material Properties

Monterey Sand
39

Large Pullout Test

Moisture Content (%)

Test 

details : 

Box Dimensions 

(inch)

Geogrid Details

Embedment Length (Le)Specimen 

Information(ft)

Material Name
Friction Angle (φ')
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Test Serial No. 8



Test Name
Date
Member

Length Width Depth Area (in2)
60 24 11 1440

ManufactureProduct
Tensar UX1400
Width

1

8 0.04

Maximum Displacements
LVDT Disp (mm)

A 105.372
RESULTS B 73.739

2482.12 C 122.097
2482.12

Comments:

Test Duration:  4.89 hours

No plateau observed

Good test

Moisture Content (%)

Test 

details : 

Box Dimensions 

(inch)

Geogrid Details

Embedment Length (Le)Specimen 

Information(ft)

Material Name
Friction Angle (φ')

7/18/2012
UX1400‐Monterey Sand‐8psi

Kemp

Test Details
Normal 
Stress σ' 
(psi)

Rate of Pullout 
(in/min)

Height from base to sleeve
5

Ultimate Tensile Strength

3.00

4800 lb/ft

1.5

Material Properties

Monterey Sand
39

Large Pullout Test

ϒd,max (pcf)
Target Compaction
Weight of each Lift (lbs)
No. of Lifts

99
100%
134
6

Maximum Load (lb)
Pullout Resisatnce (lb/ft)
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Test Name
Date
Member

Length Width Depth Area (in2)
60 24 11 1440

ManufactureProduct
Tensar UX1700
Width

1

0.5 0.04

Maximum Displacements
LVDT Disp (mm)

A 39.170
RESULTS B 44.119

222.67 C 46.761
222.67

Comments:

Good test

Normal 
Stress σ' 
(psi)

Embedment Length (Le)

Test Details

5

Rate of Pullout 
(in/min)

2.904

1/18/2013
UX1700‐100%DM‐.5psi

Jacob

11990 lb/ft

Height from base to sleeve

Ultimate Tensile Strength

Test 

details : 

Material Properties

1.5%

Monterey Sand
39

Large Pullout Test

Friction Angle (φ')

Box Dimensions 

(inch)

Geogrid Details

Moisture Content (%)

Specimen 

Information(ft)

Material Name

201

99.3
100

ϒd,max (pcf)
Target Compaction
Weight of each Lift
No. of Lifts 4

Maximum Load (lb)
Pullout Resisatnce (lb/ft)
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Test Name
Date
Member

Length Width Depth Area (in2)
60 24 11 1440

ManufactureProduct
Tensar UX1700
Width

1.5

4 0.04

Maximum Displacements
LVDT Disp (mm)

A 54.327
RESULTS B 0.008

2605.40 C 83.730
1736.93

Comments:

Test Duration:  1.99 hours

1 LVDT not working, Load cell stopped working thrice, computer had to be restarted

Plateau observed

Moisture Content (%)

Test 

details : 

Box Dimensions 

(inch)

Geogrid Details

Embedment Length (Le)Specimen 

Information(ft)

Material Name
Friction Angle (φ')

3/28/2012
UX1700‐Monterey Sand‐4psi

Sangy

Test Details
Normal 
Stress σ' 
(psi)

Rate of Pullout 
(in/min)

Height from base to sleeve
5

Ultimate Tensile Strength

2.87

11990 lb/ft

1.5

Material Properties

Monterey Sand
39

Large Pullout Test

Maximum Load (lb)
Pullout Resisatnce (lb/ft)

ϒd,max (pcf)
Target Compaction
Weight of each Lift (lbs)
No. of Lifts

99
100%
134
6
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Test Name
Date
Member

Length Width Depth Area (in2)
60 24 11 1440

ManufactureProduct
Tensar UX1700
Width

1

4 0.04

Maximum Displacements
LVDT Disp (mm)

A 33.008
RESULTS B 22.551

2046.51 C 49.419
2046.51

Comments:

Test Duration:  1.48 hours

Good test

Maximum Load (lb)
Pullout Resisatnce (lb/ft)

ϒd,max (pcf)
Target Compaction
Weight of each Lift (lbs)
No. of Lifts

99
100%
134
6

7/17/2012
UX1700‐Monterey Sand‐4psi

Kemp

Test Details
Normal 
Stress σ' 
(psi)

Rate of Pullout 
(in/min)

Height from base to sleeve
5

Ultimate Tensile Strength

2.87

11990 lb/ft

1.5

Material Properties

Monterey Sand
39

Large Pullout Test

Moisture Content (%)

Test 

details : 

Box Dimensions 

(inch)

Geogrid Details

Embedment Length (Le)Specimen 

Information(ft)

Material Name
Friction Angle (φ')
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Test Name
Date
Member

Length Width Depth Area (in2)
60 24 11 1440

ManufactureProduct
Tensar UX1700
Width

1

6 0.04

Maximum Displacements
LVDT Disp (mm)

A 116.424
RESULTS B 108.508

2423.21 C 172.050
2423.21

Comments:

Test Duration:  4.02 hours

Plateau not observed

Good test

Moisture Content (%)

Test 

details : 

Box Dimensions 

(inch)

Geogrid Details

Embedment Length (Le)Specimen 

Information(ft)

Material Name
Friction Angle (φ')

7/17/2012
UX1700‐Monterey Sand‐6psi

Kemp

Test Details
Normal 
Stress σ' 
(psi)

Rate of Pullout 
(in/min)

Height from base to sleeve
5

Ultimate Tensile Strength

2.87

11990 lb/ft

1.5

Material Properties

Monterey Sand
39

Large Pullout Test

ϒd,max (pcf)
Target Compaction
Weight of each Lift (lbs)
No. of Lifts

99
100%
134
6

Maximum Load (lb)
Pullout Resisatnce (lb/ft)
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Test Name
Date
Member

Length Width Depth Area (in2)
60 24 11 1440

ManufactureProduct
Tensar UX1700
Width

1.5

8 0.04

Maximum Displacements
LVDT Disp (mm)

A 125.269
RESULTS B 114.944

5449.15 C 132.896
3632.77

Comments:

Test Duration:  5.45 hours

Good test

Maximum Load (lb)
Pullout Resisatnce (lb/ft)

ϒd,max (pcf)
Target Compaction
Weight of each Lift (lbs)
No. of Lifts

99
100%
134
6

3/29/2012
UX1700‐Monterey Sand‐8psi

Alan

Test Details
Normal 
Stress σ' 
(psi)

Rate of Pullout 
(in/min)

Height from base to sleeve
5

Ultimate Tensile Strength

2.97

11990 lb/ft

1.5

Material Properties

Monterey Sand
39

Large Pullout Test

Moisture Content (%)

Test 

details : 

Box Dimensions 

(inch)

Geogrid Details

Embedment Length (Le)Specimen 

Information(ft)

Material Name
Friction Angle (φ')
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Test Name
Date
Member

Length Width Depth Area (in2)
60 24 11 1440

ManufactureProduct
Tensar UX1700
Width

1

8 0.04

Maximum Displacements
LVDT Disp (mm)

A 69.451
RESULTS B 63.579

4060.15 C 103.889
4060.15

Comments:

Test Duration:  3.81 hours

Good test

ϒd,max (pcf)
Target Compaction
Weight of each Lift (lbs)
No. of Lifts

Maximum Load (lb)
Pullout Resisatnce (lb/ft)

99
100%
134
6

7/20/2012
Test 

details : 

UX1700‐Monterey Sand‐8psi

Kemp

Test Details
Normal 
Stress σ' 
(psi)

Rate of Pullout 
(in/min)

Height from base to sleeve
5

Ultimate Tensile Strength

2.87

11990 lb/ft

1.5

Material Properties

Monterey Sand
39

Large Pullout Test

Moisture Content (%)
Friction Angle (φ')

Box Dimensions 

(inch)

Geogrid Details

Embedment Length (Le)Specimen 

Information(ft)

Material Name
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Test Name
Date
Member

Length Width Depth Area (in2)
60 24 11 1440

ManufactureProduct
Tensar UX1400
Width

1.5

Cohesion (psf)
4 0.04

Maximum Displacements
LVDT Disp (mm)

A 82.764
B 37.170

RESULTS C 22.740
2769.78

‐ Tension failure

Comments:

Test Duration: 2.4 hours

Failed to tension at the grip, longitudnal rib snapped.

Maximum Load (lb)
Pullout Resisatnce (lb/ft)

ϒd,max (pcf)
Target Compaction
Weight of each Lift (lbs)
No. of Lifts

152
80%
264
4

4/10/2012
UX1400‐100%SSF‐4psi

Jake

Test Details
Normal 
Stress σ' 
(psi)

Rate of Pullout 
(in/min)

Height from base to sleeve
5

Ultimate Tensile Strength

3.13

4800 lb/ft

Material Properties

100% SSF
40.8

Large Pullout Test

Moisture Content (%)

Test 

details : 

Box Dimensions 

(inch)

Geogrid Details

Embedment Length (Le)Specimen 

Information(ft)

Material Name
Friction Angle (φ')

611.4
9
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Test Name
Date
Member

Length Width Depth Area (in2)
60 24 11 1440

ManufactureProduct
Tensar UX1400
Width

1.5

Cohesion (psf)
2 0.04

Maximum Displacements
LVDT Disp (mm)

A 111.588
B 110.099

RESULTS C 137.089
1857.48
1238.32

Comments:

Test Duration: 3.13 hours

Good test

All 3 LVDT's had to be disconnected towards the end, as they hit the back wall of box (~15min)

Maximum Load (lb)
Pullout Resisatnce (lb/ft)

ϒd,max (pcf)
Target Compaction
Weight of each Lift (lbs)
No. of Lifts

152
80%
264
4

4/12/2012
UX1400‐100%SSF‐2psi

Alan

Test Details
Normal 
Stress σ' 
(psi)

Rate of Pullout 
(in/min)

Height from base to sleeve
5

Ultimate Tensile Strength

3.13

4800 lb/ft

9

Material Properties

100% SSF
40.8

Large Pullout Test

Moisture Content (%)

Test 

details : 

Box Dimensions 

(inch)

Geogrid Details

Embedment Length (Le)Specimen 

Information(ft)

Material Name
Friction Angle (φ')

611.4
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Test Name
Date
Member

Length Width Depth Area (in2)
60 24 11 1440

ManufactureProduct
Tensar UX1700
Width

1.5

Cohesion (psf)
4 0.04

Maximum Displacements
LVDT Disp (mm)

A 58.975
B 31.802

RESULTS C 44.417
3797.15
2531.43

Comments:

Test Duration: 2.56 hours

LVDT B moves latest

Test repeated

Moisture Content (%)

Test 

details : 

Box Dimensions 

(inch)

Geogrid Details

Embedment Length (Le)Specimen 

Information(ft)

Material Name
Friction Angle (φ')

611.4

4/15/2012
UX1700‐100%SSF‐4psi

Fabrizio

Test Details
Normal 
Stress σ' 
(psi)

Rate of Pullout 
(in/min)

Height from base to sleeve
5

Ultimate Tensile Strength

3.13

11990 lb/ft

9

Material Properties

100% SSF
40.8

Large Pullout Test

ϒd,max (pcf)
Target Compaction
Weight of each Lift (lbs)
No. of Lifts

152
80%
264
4

Maximum Load (lb)
Pullout Resisatnce (lb/ft)
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Test Name
Date
Member

Length Width Depth Area (in2)
60 24 11 1440

ManufactureProduct
Tensar UX1700
Width

1

Cohesion (psf)
4 0.04

Maximum Displacements
LVDT Disp (mm)

A 15.664
B 45.933

RESULTS C 77.984
3156.07
3156.07

Comments:

Test Duration: 3.5 hours

Lvdt data not good, tube got jammed inside box

Maximum Load (lb)
Pullout Resisatnce (lb/ft)

ϒd,max (pcf)
Target Compaction
Weight of each Lift (lbs)
No. of Lifts

152
80%
264
4

3/13/2012
UX1700‐100%SSF‐4psi

Sangy

Test Details
Normal 
Stress σ' 
(psi)

Rate of Pullout 
(in/min)

Height from base to sleeve
5

Ultimate Tensile Strength

3.13

11990 lb/ft

9

Material Properties

100% SSF
40.8

Large Pullout Test

Moisture Content (%)

Test 

details : 

Box Dimensions 

(inch)

Geogrid Details

Embedment Length (Le)Specimen 

Information(ft)

Material Name
Friction Angle (φ')

611.4
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Test Name
Date
Member

Length Width Depth Area (in2)
60 24 11 1440

ManufactureProduct
Tensar UX1700
Width

1

Cohesion (psf)
6 0.04

Maximum Displacements
LVDT Disp (mm)

A 134.159
B 86.487

RESULTS C 93.051
4717.67
4717.67

Comments:

Test Duration:  3.90 hours

No plateau observed

Moisture Content (%)

Test 

details : 

Box Dimensions 

(inch)

Geogrid Details

Embedment Length (Le)Specimen 

Information(ft)

Material Name
Friction Angle (φ')

611.4

4/22/2012
UX1700‐100%SSF‐6psi

Fabrizio

Test Details
Normal 
Stress σ' 
(psi)

Rate of Pullout 
(in/min)

Height from base to sleeve
5

Ultimate Tensile Strength

3.13

11990 lb/ft

9

Material Properties

100% SSF
40.8

Large Pullout Test

ϒd,max (pcf)
Target Compaction
Weight of each Lift (lbs)
No. of Lifts

152
80%
264
4

Maximum Load (lb)
Pullout Resisatnce (lb/ft)
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Test Name
Date
Member

Length Width Depth Area (in2)
60 24 11 1440

ManufactureProduct
Tensar UX1700
Width

1

Cohesion (psf)
8 0.04

Maximum Displacements
LVDT Disp (mm)

A 0.008
B 76.040

RESULTS C 73.772
5325.87
5325.87

Comments:

Test Duration: 3.84 hours

No plateau observed

1 Lvdt wasn't working

Maximum Load (lb)
Pullout Resisatnce (lb/ft)

ϒd,max (pcf)
Target Compaction
Weight of each Lift (lbs)
No. of Lifts

152
80%
264
4

4/21/2012
UX1700‐100%SSF‐8psi

Sangy

Test Details
Normal 
Stress σ' 
(psi)

Rate of Pullout 
(in/min)

Height from base to sleeve
5

Ultimate Tensile Strength

3.13

11990 lb/ft

9

Material Properties

100% SSF
40.8

Large Pullout Test

Moisture Content (%)

Test 

details : 

Box Dimensions 

(inch)

Geogrid Details

Embedment Length (Le)Specimen 

Information(ft)

Material Name
Friction Angle (φ')

611.4
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Test Name
Date
Member

Length Width Depth Area (in2)
60 24 11 1440

ManufactureProduct
Tensar UX1400
Width

1

Cohesion (psf)
4 0.04

Maximum Displacements
LVDT Disp (mm)

A 21.301
B 8.345

RESULTS C 4.948
517.79
517.79

Comments:

Test Duration:  0.91 hours

Good test

Plateau observed, load drops

Moisture Content (%)

Test 

details : 

Box Dimensions 

(inch)

Geogrid Details

Embedment Length (Le)Specimen 

Information(ft)

Material Name
Friction Angle (φ')

675.1

4/25/2012
UX1400‐100%DM(MPA)‐4psi

Kemp

Test Details
Normal 
Stress σ' 
(psi)

Rate of Pullout 
(in/min)

Height from base to sleeve
5

Ultimate Tensile Strength

2.97

4800 lb/ft

43

Material Properties

100% DM (MPA)
31.7

Large Pullout Test

ϒd,max (pcf)
Target Compaction
Weight of each Lift (lbs)
No. of Lifts

85
80%
190
4

Maximum Load (lb)
Pullout Resisatnce (lb/ft)
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Test Name
Date
Member

Length Width Depth Area (in2)
60 24 11 1440

ManufactureProduct
Tensar UX1400
Width

1

Cohesion (psf)
4 0.04

Maximum Displacements
LVDT Disp (mm)

A 54.416
B 38.601

RESULTS C 46.148
361.63
361.63

Comments:

Test Duration:  1.29 hours

Plateau observed

Moisture Content (%)

Test 

details : 

Box Dimensions 

(inch)

Geogrid Details

Embedment Length (Le)Specimen 

Information(ft)

Material Name
Friction Angle (φ')

675.1

11/2/2012
UX1400‐100%DM(MPA)‐4psi

Jake

Test Details
Normal 
Stress σ' 
(psi)

Rate of Pullout 
(in/min)

Height from base to sleeve
5

Ultimate Tensile Strength

2.97

4800 lb/ft

43

Material Properties

100% DM (MPA)
31.7

Large Pullout Test

ϒd,max (pcf)
Target Compaction
Weight of each Lift (lbs)
No. of Lifts

85
80%
190
4

Maximum Load (lb)
Pullout Resisatnce (lb/ft)
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Test Name
Date
Member

Length Width Depth Area (in2)
60 24 11 1440

ManufactureProduct
Tensar UX1400
Width

1.5

Cohesion (psf)
6 0.04

Maximum Displacements
LVDT Disp (mm)

A 8.657
B 5.942

RESULTS C 9.336
838.33
558.89

Comments:

Test Duration:  0.67 hours

Good Test

Plateau observed, LVDT B moves latest

Maximum Load (lb)
Pullout Resisatnce (lb/ft)

ϒd,max (pcf)
Target Compaction
Weight of each Lift (lbs)
No. of Lifts

85
80%
190
4

4/29/2012
UX1400‐100%DM(MPA)‐6psi

Fabrizio

Test Details
Normal 
Stress σ' 
(psi)

Rate of Pullout 
(in/min)

Height from base to sleeve
5

Ultimate Tensile Strength

2.97

4800 lb/ft

43

Material Properties

100% DM (MPA)
31.7

Large Pullout Test

Moisture Content (%)

Test 

details : 

Box Dimensions 

(inch)

Geogrid Details

Embedment Length (Le)Specimen 

Information(ft)

Material Name
Friction Angle (φ')

675.1
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Test Name
Date
Member

Length Width Depth Area (in2)
60 24 11 1440

ManufactureProduct
Tensar UX1400
Width

1

Cohesion (psf)
8 0.04

Maximum Displacements
LVDT Disp (mm)

A 13.353
B 4.377

RESULTS C 7.115
797.24
797.24

Comments:

Test Duration:  0.68 hours

Good Test

Plateau observed

Maximum Load (lb)
Pullout Resisatnce (lb/ft)

ϒd,max (pcf)
Target Compaction
Weight of each Lift (lbs)
No. of Lifts

85
80%
190
4

4/28/2012
UX1400‐100%DM(MPA)‐8psi

Sangy

Test Details
Normal 
Stress σ' 
(psi)

Rate of Pullout 
(in/min)

Height from base to sleeve
5

Ultimate Tensile Strength

2.97

4800 lb/ft

43

Material Properties

100% DM (MPA)
31.7

Large Pullout Test

Moisture Content (%)

Test 

details : 

Box Dimensions 

(inch)

Geogrid Details

Embedment Length (Le)Specimen 

Information(ft)

Material Name
Friction Angle (φ')

675.1
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Test Serial No. 25



Test Name
Date
Member

Length Width Depth Area (in2)
60 24 11 1440

ManufactureProduct
Tensar UX1700
Width

1

Cohesion (psf)
4 0.04

Maximum Displacements
LVDT Disp (mm)

A 37.661
B 36.600

RESULTS C 36.181
854.77
854.77

Comments:

Test Duration:  1.21 hours

Plateau observed

Maximum Load (lb)
Pullout Resisatnce (lb/ft)

ϒd,max (pcf)
Target Compaction
Weight of each Lift (lbs)
No. of Lifts

85
80%
190
4

4/30/2012
UX1700‐100%DM(MPA)‐4psi

Kemp

Test Details
Normal 
Stress σ' 
(psi)

Rate of Pullout 
(in/min)

Height from base to sleeve
5

Ultimate Tensile Strength

2.97

11990 lb/ft

43

Material Properties

100% DM (MPA)
31.7

Large Pullout Test

Moisture Content (%)

Test 

details : 

Box Dimensions 

(inch)

Geogrid Details

Embedment Length (Le)Specimen 

Information(ft)

Material Name
Friction Angle (φ')

675.1
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Test Serial No. 26



Test Name
Date
Member

Length Width Depth Area (in2)
60 24 11 1440

ManufactureProduct
Tensar UX1700
Width

1

Cohesion (psf)
6 0.04

Maximum Displacements
LVDT Disp (mm)

A 44.349
B 44.560

RESULTS C 45.675
862.99
862.99

Comments:

Test Duration:  1.38 hours

Plateau observed

Maximum Load (lb)
Pullout Resisatnce (lb/ft)

ϒd,max (pcf)
Target Compaction
Weight of each Lift (lbs)
No. of Lifts

85
80%
190
4

10/19/2012
UX1700‐100%DM(MPA)‐6psi

Jake

Test Details
Normal 
Stress σ' 
(psi)

Rate of Pullout 
(in/min)

Height from base to sleeve
5

Ultimate Tensile Strength

2.97

11990 lb/ft

43

Material Properties

100% DM (MPA)
31.7

Large Pullout Test

Moisture Content (%)

Test 

details : 

Box Dimensions 

(inch)

Geogrid Details

Embedment Length (Le)Specimen 

Information(ft)

Material Name
Friction Angle (φ')

675.1
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Test Serial No. 27



Test Name
Date
Member

Length Width Depth Area (in2)
60 24 11 1440

ManufactureProduct
Tensar UX1700
Width

1

Cohesion (psf)
8 0.04

Maximum Displacements
LVDT Disp (mm)

A 41.530
B 34.353

RESULTS C 37.719
846.55
846.55

Comments:

Test Duration:  1.25 hours

No Plateau observed, change in slope at 610lbs

LVDT C not working until end of test, Test repeated

Moisture Content (%)

Test 

details : 

Box Dimensions 

(inch)

Geogrid Details

Embedment Length (Le)Specimen 

Information(ft)

Material Name
Friction Angle (φ')

675.1

5/1/2012
UX1700‐100%DM(MPA)‐8psi

Jake

Test Details
Normal 
Stress σ' 
(psi)

Rate of Pullout 
(in/min)

Height from base to sleeve
5

Ultimate Tensile Strength

3

11990 lb/ft

43

Material Properties

100% DM (MPA)
31.7

Large Pullout Test

ϒd,max (pcf)
Target Compaction
Weight of each Lift (lbs)
No. of Lifts

85
80%
190
4

Maximum Load (lb)
Pullout Resisatnce (lb/ft)
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Test Name
Date
Member

Length Width Depth Area (in2)
60 24 11 1440

ManufactureProduct
Tensar UX1700
Width

1

Cohesion (psf)
8 0.04

Maximum Displacements
LVDT Disp (mm)

A 57.731
B 38.829

RESULTS C 50.732
1060.24
1060.24

Comments:

Test Duration:  1.69 hours

Plateau observed

Maximum Load (lb)
Pullout Resisatnce (lb/ft)

ϒd,max (pcf)
Target Compaction
Weight of each Lift (lbs)
No. of Lifts

85
80%
190
4

10/30/2012
UX1700‐100%DM(MPA)‐8psi

Jake

Test Details
Normal 
Stress σ' 
(psi)

Rate of Pullout 
(in/min)

Height from base to sleeve
5

Ultimate Tensile Strength

2.97

11990 lb/ft

43

Material Properties

100% DM (MPA)
31.7

Large Pullout Test

Moisture Content (%)

Test 

details : 

Box Dimensions 

(inch)

Geogrid Details

Embedment Length (Le)Specimen 

Information(ft)

Material Name
Friction Angle (φ')

675.1
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Test Name
Date
Member

Length Width Depth Area (in2)
60 24 11 1440

ManufactureProduct
Tensar UX1400
Width

1

Cohesion (psf) 732.96
4 0.04

Maximum Displacements
LVDT Disp (mm)

A 35.901
B 37.638

RESULTS C 69.790
1923.23
1923.23

Comments:

Test Duration:  1.03 hours

No Plateau observed, change in slope at 810lbs

LVDT's B and C moves together

Maximum Load (lb)
Pullout Resisatnce (lb/ft)

ϒd,max (pcf)
Target Compaction
Weight of each Lift (lbs)
No. of Lifts

134
80%
245
4

5/21/2012
UX1400‐80/20 SSF/DM(MPA)‐4psi

Sangy

Test Details
Normal 
Stress σ' 
(psi)

Rate of Pullout 
(in/min)

Height from base to sleeve
5

Ultimate Tensile Strength

2.97

4800 lb/ft

16.75

Material Properties

80/20 SSF/DM(MPA)
41.1

Large Pullout Test

Moisture Content (%)

Test 

details : 

Box Dimensions 

(inch)

Geogrid Details

Embedment Length (Le)Specimen 

Information(ft)

Material Name
Friction Angle (φ')
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Test Name
Date
Member

Length Width Depth Area (in2)
60 24 11 1440

ManufactureProduct
Tensar UX1400
Width

1

Cohesion (psf) 732.96
6 0.04

Maximum Displacements
LVDT Disp (mm)

A 38.878
B 56.371

RESULTS C 99.708
2687.59
2687.59

Comments:

Test Duration:  2.50 hours

 No Plateau observed, Was Repeated

Maximum Load (lb)
Pullout Resisatnce (lb/ft)

ϒd,max (pcf)
Target Compaction
Weight of each Lift (lbs)
No. of Lifts

134
80%
245
4

5/24/2012
UX1400‐80/20 SSF/DM(MPA)‐6psi

Sangy

Test Details
Normal 
Stress σ' 
(psi)

Rate of Pullout 
(in/min)

Height from base to sleeve
5

Ultimate Tensile Strength

2.97

4800 lb/ft

16.75

Material Properties

80/20 SSF/DM(MPA)
41.1

Large Pullout Test

Moisture Content (%)

Test 

details : 

Box Dimensions 

(inch)

Geogrid Details

Embedment Length (Le)Specimen 

Information(ft)

Material Name
Friction Angle (φ')
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Test Name
Date
Member

Length Width Depth Area (in2)
60 24 11 1440

ManufactureProduct
Tensar UX1400
Width

1

Cohesion (psf)
6 0.04

Maximum Displacements
LVDT Disp (mm)

A 68.877
B 80.006

RESULTS C 74.652
2071.17
2071.17

Comments:

Test Duration: 3:30‐6:30 PM, 3 hours

LVDT 2 started moving 1st, followed by LVDT3 and then LVDT1 

LVDT 3 was jammed inside box. Test was repeated.

Maximum Load (lb)
Pullout Resisatnce (lb/ft)

ϒd,max (pcf)
Target Compaction
Weight of each Lift
No. of Lifts

134
100%
244
4

11/25/2012
UX1400‐80/20 SSF/DM‐6psi

Sangy

Test Details
Normal 
Stress σ' 
(psi)

Rate of Pullout 
(in/min)

Height from base to sleeve
5

Ultimate Tensile Strength

2.97

4800 lb/ft

14.5

Material Properties

80/20 SSF/DM
41.1

Large Pullout Test

Moisture Content (%)

Test 

details : 

Box Dimensions 

(inch)

Geogrid Details

Embedment Length (Le)Specimen 

Information(ft)

Material Name
Friction Angle (φ')

732.96
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Test Name
Date
Member

Length Width Depth Area (in2)
60 24 11 1440

ManufactureProduct
Tensar UX1400
Width

1

Cohesion (psf)
6 0.04

Maximum Displacements
LVDT Disp (mm)

A 82.952
B 85.600

RESULTS C 132.696
2153.36
2153.36

Comments:

Test Duration: 3:30‐6:30 PM, 3 hours

Plateau observed

Moisture Content (%)

Test 

details : 

Box Dimensions 

(inch)

Geogrid Details

Embedment Length (Le)Specimen 

Information(ft)

Material Name
Friction Angle (φ')

732.96

12/1/2012
UX1400‐80/20 SSF/DM‐6psi

Sangy

Test Details
Normal 
Stress σ' 
(psi)

Rate of Pullout 
(in/min)

Height from base to sleeve
5

Ultimate Tensile Strength

2.97

4800 lb/ft

14.5

Material Properties

80/20 SSF/DM
41.1

Large Pullout Test

ϒd,max (pcf)
Target Compaction
Weight of each Lift
No. of Lifts

134
100%
244
4

Maximum Load (lb)
Pullout Resisatnce (lb/ft)
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Test Name
Date
Member

Length Width Depth Area (in2)
60 24 11 1440

ManufactureProduct
Tensar UX1400
Width

1

Cohesion (psf) 732.96
8 0.04

Maximum Displacements
LVDT Disp (mm)

A 167.422
B 243.743

RESULTS C 255.317
2087.61
2087.61

Comments:

Test Duration:  4.62 hours

Load lower than expected
 No Plateau observed, Was Repeated

Maximum Load (lb)
Pullout Resisatnce (lb/ft)

ϒd,max (pcf)
Target Compaction
Weight of each Lift (lbs)
No. of Lifts

134
80%
245
4

5/31/2012
UX1400‐80/20 SSF/DM(MPA)‐8psi

Alan

Test Details
Normal 
Stress σ' 
(psi)

Rate of Pullout 
(in/min)

Height from base to sleeve
5

Ultimate Tensile Strength

2.97

4800 lb/ft

16.75

Material Properties

80/20 SSF/DM(MPA)
41.1

Large Pullout Test

Moisture Content (%)

Test 

details : 

Box Dimensions 

(inch)

Geogrid Details

Embedment Length (Le)Specimen 

Information(ft)

Material Name
Friction Angle (φ')
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Test Serial No. 34



Test Name
Date
Member

Length Width Depth Area (in2)
60 24 11 1440

ManufactureProduct
Tensar UX1400
Width

1

Cohesion (psf)
8 0.04

Maximum Displacements
LVDT Disp (mm)

A 114.145
B 113.504

RESULTS C 164.278
2465.68
2465.68

Comments:

Test Duration: 5‐9 PM, 4 hours

Broke to Tension

LVDT A moved in steps. Change in slope observed at ~1980lbs

Moisture Content (%)

Test 

details : 

Box Dimensions 

(inch)

Geogrid Details

Embedment Length (Le)Specimen 

Information(ft)

Material Name
Friction Angle (φ')

732.96

12/7/2012
UX1400‐80/20 SSF/DM‐8psi

Sangy

Test Details
Normal 
Stress σ' 
(psi)

Rate of Pullout 
(in/min)

Height from base to sleeve
5

Ultimate Tensile Strength

2.97

4800 lb/ft

14.5

Material Properties

80/20 SSF/DM
41.1

Large Pullout Test

ϒd,max (pcf)
Target Compaction
Weight of each Lift
No. of Lifts

134
100%
244
4

Maximum Load (lb)
Pullout Resisatnce (lb/ft)
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Test Serial No. 35



Test Name
Date
Member

Length Width Depth Area (in2)
60 24 11 1440

ManufactureProduct
Tensar UX1700
Width

1

Cohesion (psf) 732.96
4 0.04

Maximum Displacements
LVDT Disp (mm)

A 27.808
B 36.976

RESULTS C 66.815
3164.29
3164.29

Comments:

Test Duration:  1.91 hours

 No Plateau observed, Was Repeated

Moisture Content (%)

Test 

details : 

Box Dimensions 

(inch)

Geogrid Details

Embedment Length (Le)Specimen 

Information(ft)

Material Name
Friction Angle (φ')

6/4/2012
UX1700‐80/20 SSF/DM(MPA)‐4psi

Sangy

Test Details
Normal 
Stress σ' 
(psi)

Rate of Pullout 
(in/min)

Height from base to sleeve
5

Ultimate Tensile Strength

2.871

11990 lb/ft

16.75

Material Properties

80/20 SSF/DM(MPA)
41.1

Large Pullout Test

ϒd,max (pcf)
Target Compaction
Weight of each Lift (lbs)
No. of Lifts

134
80%
245
4

Maximum Load (lb)
Pullout Resisatnce (lb/ft)
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Test Serial No. 36



Test Name
Date
Member

Length Width Depth Area (in2)
60 24 11 1440

ManufactureProduct
Tensar UX1700
Width

1

Cohesion (psf)
4 0.04

Maximum Displacements
LVDT Disp (mm)

A 103.353
B 105.503

RESULTS C 149.038
3213.60
3213.60

Comments:

Test Duration: 4‐8 PM, 4 hours

Not plateau observed

Moisture Content (%)

Test 

details : 

Box Dimensions 

(inch)

Geogrid Details

Embedment Length (Le)Specimen 

Information(ft)

Material Name
Friction Angle (φ')

732.96

11/28/2012
UX1700‐80/20 SSF/DM‐4psi

Sangy

Test Details
Normal 
Stress σ' 
(psi)

Rate of Pullout 
(in/min)

Height from base to sleeve
5

Ultimate Tensile Strength

2.97

12000 lb/ft

14.5

Material Properties

80/20 SSF/DM
41.1

Large Pullout Test

ϒd,max (pcf)
Target Compaction
Weight of each Lift
No. of Lifts

134
100%
244
4

Maximum Load (lb)
Pullout Resisatnce (lb/ft)
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Test Name
Date
Member

Length Width Depth Area (in2)
60 24 11 1440

ManufactureProduct
Tensar UX1700
Width

1

Cohesion (psf) 732.96
6 0.04

Maximum Displacements
LVDT Disp (mm)

A 157.257
B 250.062

RESULTS C 111.937
3254.70
3254.70

Comments:

Test Duration:  4.23 hours

 No Plateau observed, Was Repeated

Lvdt C started working later into test

Maximum Load (lb)
Pullout Resisatnce (lb/ft)

ϒd,max (pcf)
Target Compaction
Weight of each Lift (lbs)
No. of Lifts

134
80%
245
4

6/7/2012
UX1700‐80/20 SSF/DM(MPA)‐6psi

Alan

Test Details
Normal 
Stress σ' 
(psi)

Rate of Pullout 
(in/min)

Height from base to sleeve
5

Ultimate Tensile Strength

2.87

11990 lb/ft

16.75

Material Properties

80/20 SSF/DM(MPA)
41.1

Large Pullout Test

Moisture Content (%)

Test 

details : 

Box Dimensions 

(inch)

Geogrid Details

Embedment Length (Le)Specimen 

Information(ft)

Material Name
Friction Angle (φ')
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Test Name
Date
Member

Length Width Depth Area (in2)
60 24 11 1440

ManufactureProduct
Tensar UX1700
Width

1

Cohesion (psF)
6 0.04

Maximum Displacements
LVDT Disp (mm)

A 142.528
B 154.485

RESULTS C 210.621
4454.66
4454.66

Comments:

Test Duration: 3‐8 PM, 5 hours

No plateau observed

Moisture Content (%)

Test 

details : 

Box Dimensions 

(inch)

Geogrid Details

Embedment Length (Le)Specimen 

Information(ft)

Material Name
Friction Angle (φ')

732.96

11/23/2012
UX1700‐80/20 SSF/DM‐6psi

Sangy

Test Details
Normal 
Stress σ' 
(psi)

Rate of Pullout 
(in/min)

Height from base to sleeve
5

Ultimate Tensile Strength

2.97

11990 lb/ft

14.5

Material Properties

80/20 SSF/DM
41.1

Large Pullout Test

ϒd,max (pcf)
Target Compaction
Weight of each Lift
No. of Lifts

134
100%
244
4

Maximum Load (lb)
Pullout Resisatnce (lb/ft)
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Test Name
Date
Member

Length Width Depth Area (in2)
60 24 11 1440

ManufactureProduct
Tensar UX1700
Width

1

Cohesion (psf) 732.96
8 0.04

Maximum Displacements
LVDT Disp (mm)

A 54.185
B 69.282

RESULTS C 109.921
4906.70
4906.70

Comments:

Test Duration:  3.19 hours

 No Plateau observed, Was Repeated

Moisture Content (%)

Test 

details : 

Box Dimensions 

(inch)

Geogrid Details

Embedment Length (Le)Specimen 

Information(ft)

Material Name
Friction Angle (φ')

6/6/2012
UX1700‐80/20 SSF/DM(MPA)‐8psi

Sangy

Test Details
Normal 
Stress σ' 
(psi)

Rate of Pullout 
(in/min)

Height from base to sleeve
5

Ultimate Tensile Strength

2.97

11990 lb/ft

16.75

Material Properties

80/20 SSF/DM(MPA)
41.1

Large Pullout Test

ϒd,max (pcf)
Target Compaction
Weight of each Lift (lbs)
No. of Lifts

134
80%
245
4

Maximum Load (lb)
Pullout Resisatnce (lb/ft)
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Test Serial No. 40



Test Name
Date
Member

Length Width Depth Area (in2)
60 24 11 1440

ManufactureProduct
Tensar UX1700
Width

1

Cohesion (psf)
8 0.04

Maximum Displacements
LVDT Disp (mm)

A 114.402
B 127.075

RESULTS C 198.853
5021.77
5021.77

Comments:

Test Duration: 10:30‐3:30 PM, 5 hours

Change in slope at ~4400lbs

Moisture Content (%)

Test 

details : 

Box Dimensions 

(inch)

Geogrid Details

Embedment Length (Le)Specimen 

Information(ft)

Material Name
Friction Angle (φ')

732.96

12/11/2012
UX1700‐80/20 SSF/DM‐8psi

Sangy

Test Details
Normal 
Stress σ' 
(psi)

Rate of Pullout 
(in/min)

Height from base to sleeve
5

Ultimate Tensile Strength

2.97

11990 lb/ft

14.5

Material Properties

80/20 SSF/DM
41.1

Large Pullout Test

ϒd,max (pcf)
Target Compaction
Weight of each Lift
No. of Lifts

134
100%
244
4

Maximum Load (lb)
Pullout Resisatnce (lb/ft)

0.00

1000.00

2000.00

3000.00

4000.00

5000.00

6000.00

0 50 100 150 200 250

Fo
rc
e
 (
lb
s)

Displacement (mm)

Force vs Displacement

LVDT C

LVDT B

LVDT A

178

Test Serial No. 41



Test Name
Date
Member

Length Width Depth Area (in2)
60 24 11 1440

ManufactureProduct
Tensar UX1400
Width

1

Cohesion (psf) 1425
4 0.04

Maximum Displacements
LVDT Disp (mm)

A 46.178
B 40.144

RESULTS C 28.013
641.08
641.08

Comments:

Test Duration:  0.92 hours

Test repeated

Moisture Content (%)

Test 

details : 

Box Dimensions 

(inch)

Geogrid Details

Embedment Length (Le)Specimen 

Information(ft)

Material Name
Friction Angle (φ')

6/12/2012
UX1400‐50/50 SSF/DM(MPA)‐4psi

Alan

Test Details
Normal 
Stress σ' 
(psi)

Rate of Pullout 
(in/min)

Height from base to sleeve
5

Ultimate Tensile Strength

2.97

4800 lb/ft

26 (OMC=16%)

Material Properties

50/50 SSF/DM(MPA)
46.7

Large Pullout Test

ϒd,max (pcf)
Target Compaction
Weight of each Lift (lbs)
No. of Lifts

116
80%
233
4

Maximum Load (lb)
Pullout Resisatnce (lb/ft)
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Test Name
Date
Member

Length Width Depth Area (in2)
60 24 11 1440

ManufactureProduct
Tensar UX1400
Width

1

Cohesion (psf)
4 0.04

Maximum Displacements
LVDT Disp (mm)

A 49.621
B 66.572

RESULTS C 77.593
920.52
920.52

Comments:

Test Duration:  1.97 hours

Good test

Maximum Load (lb)
Pullout Resisatnce (lb/ft)

ϒd,max (pcf)
Target Compaction
Weight of each Lift (lbs)
No. of Lifts

116
80%
233
4

3/31/2013
UX1400‐50/50 SSF/DM(MPA)‐4psi

Sangy

Test Details
Normal 
Stress σ' 
(psi)

Rate of Pullout 
(in/min)

Height from base to sleeve
5

Ultimate Tensile Strength

2.90

4800 lb/ft

26 (OMC=16%)

Material Properties

50/50 SSF/DM(MPA)
46.7

Large Pullout Test

Moisture Content (%)

Test 

details : 

Box Dimensions 

(inch)

Geogrid Details

Embedment Length (Le)Specimen 

Information(ft)

Material Name
Friction Angle (φ')

1425.26
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Test Name
Date
Member

Length Width Depth Area (in2)
60 24 11 1440

ManufactureProduct
Tensar UX1400
Width

1

Cohesion (psf) 1425
6 0.04

Maximum Displacements
LVDT Disp (mm)

A 50.321
B 7.921

RESULTS C 49.085
789.02
789.02

Comments:

Test Duration:  1.81 hours

Lvdt B wasn't working

Plateau observed, Was Repeated

Maximum Load (lb)
Pullout Resisatnce (lb/ft)

ϒd,max (pcf)
Target Compaction
Weight of each Lift (lbs)
No. of Lifts

116
80%
233
4

6/13/2012
UX1400‐50/50 SSF/DM(MPA)‐6psi

Alan

Test Details
Normal 
Stress σ' 
(psi)

Rate of Pullout 
(in/min)

Height from base to sleeve
5

Ultimate Tensile Strength

2.90

4800 lb/ft

26 (OMC=16%)

Material Properties

50/50 SSF/DM(MPA)
46.7

Large Pullout Test

Moisture Content (%)

Test 

details : 

Box Dimensions 

(inch)

Geogrid Details

Embedment Length (Le)Specimen 

Information(ft)

Material Name
Friction Angle (φ')
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Test Name
Date
Member

Length Width Depth Area (in2)
60 24 11 1440

ManufactureProduct
Tensar UX1400
Width

1

Cohesion (psf)
6 0.04

Maximum Displacements
LVDT Disp (mm)

A 51.430
B 56.463

RESULTS C 41.180
1298.59
1298.59

Comments:

Test Duration:  2.38 hours

Maximum Load (lb)
Pullout Resisatnce (lb/ft)

ϒd,max (pcf)
Target Compaction
Weight of each Lift (lbs)
No. of Lifts

116
80%
233
4

4/6/2013
UX1400‐50/50 SSF/DM(MPA)‐6psi

Sangy

Test Details
Normal 
Stress σ' 
(psi)

Rate of Pullout 
(in/min)

Height from base to sleeve
5

Ultimate Tensile Strength

2.90

4800 lb/ft

26 (OMC=16%)

Material Properties

50/50 SSF/DM(MPA)
46.7

Large Pullout Test

Moisture Content (%)

Test 

details : 

Box Dimensions 

(inch)

Geogrid Details

Embedment Length (Le)Specimen 

Information(ft)

Material Name
Friction Angle (φ')

1425.26
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Test Name
Date
Member

Length Width Depth Area (in2)
60 24 11 1440

ManufactureProduct
Tensar UX1400
Width

1

Cohesion (psf) 1425
8 0.04

Maximum Displacements
LVDT Disp (mm)

A 35.555
B 5.543

RESULTS C 56.229
1857.48
1857.48

Comments:

Test Duration:  2.76 hours

Lvdt B wasn't working

Plateau observed, Was Repeated

Moisture Content (%)

Test 

details : 

Box Dimensions 

(inch)

Geogrid Details

Embedment Length (Le)Specimen 

Information(ft)

Material Name
Friction Angle (φ')

6/14/2012
UX1400‐50/50 SSF/DM(MPA)‐8psi

Sangy

Test Details
Normal 
Stress σ' 
(psi)

Rate of Pullout 
(in/min)

Height from base to sleeve
5

Ultimate Tensile Strength

2.97

4800 lb/ft

26 (OMC=16%)

Material Properties

50/50 SSF/DM(MPA)
46.7

Large Pullout Test

ϒd,max (pcf)
Target Compaction
Weight of each Lift (lbs)
No. of Lifts

116
80%
233
4

Maximum Load (lb)
Pullout Resisatnce (lb/ft)

0.00

200.00

400.00

600.00

800.00

1000.00

1200.00

1400.00

1600.00

1800.00

2000.00

0 10 20 30 40 50 60

Fo
rc
e
 (
lb
s)

Displacement (mm)

Force vs Displacement

LVDT A

LVDT C

183

Test Serial No. 46



Test Name
Date
Member

Length Width Depth Area (in2)
60 24 11 1440

ManufactureProduct
Tensar UX1700
Width

1

Cohesion (psf) 1425
4 0.04

Maximum Displacements
LVDT Disp (mm)

A 42.339
B 7.553

RESULTS C 0.021
1495.85
1495.85

Comments:

Test Duration:  2.13 hours

Lvdt B,C wasn't working

Plateau not observed

Maximum Load (lb)
Pullout Resisatnce (lb/ft)

ϒd,max (pcf)
Target Compaction
Weight of each Lift (lbs)
No. of Lifts

116
80%
233
4

6/18/2012
UX1700‐50/50 SSF/DM(MPA)‐4psi

Kemp

Test Details
Normal 
Stress σ' 
(psi)

Rate of Pullout 
(in/min)

Height from base to sleeve
5

Ultimate Tensile Strength

2.90

11990 lb/ft

26 (OMC=16%)

Material Properties

50/50 SSF/DM(MPA)
46.7

Large Pullout Test

Moisture Content (%)

Test 

details : 

Box Dimensions 

(inch)

Geogrid Details

Embedment Length (Le)Specimen 

Information(ft)

Material Name
Friction Angle (φ')
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Test Name
Date
Member

Length Width Depth Area (in2)
60 24 11 1440

ManufactureProduct
Tensar UX1700
Width

1

Cohesion (psf) 1425
6 0.04

Maximum Displacements
LVDT Disp (mm)

A 68.286
B 98.274

RESULTS C 118.532
1454.75
1454.75

Comments:

Test Duration:  2.73 hours

Plateau observed, Was Repeated

Moisture Content (%)

Test 

details : 

Box Dimensions 

(inch)

Geogrid Details

Embedment Length (Le)Specimen 

Information(ft)

Material Name
Friction Angle (φ')

6/20/2012
UX1700‐50/50 SSF/DM(MPA)‐6psi

Alan

Test Details
Normal 
Stress σ' 
(psi)

Rate of Pullout 
(in/min)

Height from base to sleeve
5

Ultimate Tensile Strength

2.84

11990 lb/ft

26 (OMC=16%)

Material Properties

50/50 SSF/DM(MPA)
46.7

Large Pullout Test

ϒd,max (pcf)
Target Compaction
Weight of each Lift (lbs)
No. of Lifts

116
80%
233
4

Maximum Load (lb)
Pullout Resisatnce (lb/ft)
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Test Name
Date
Member

Length Width Depth Area (in2)
60 24 11 1440

ManufactureProduct
Tensar UX1700
Width

1

Cohesion (psf)
6 0.04

Maximum Displacements
LVDT Disp (mm)

A 135.000
B 97.714

RESULTS C 134.278
1931.45
1931.45

Comments:

Test Duration:  3.27 hours

Plateau observed

Moisture Content (%)

Test 

details : 

Box Dimensions 

(inch)

Geogrid Details

Embedment Length (Le)Specimen 

Information(ft)

Material Name
Friction Angle (φ')

1425.26

3/28/2013
UX1700‐50/50 SSF/DM(MPA)‐6psi

Sangy

Test Details
Normal 
Stress σ' 
(psi)

Rate of Pullout 
(in/min)

Height from base to sleeve
5

Ultimate Tensile Strength

2.90

11990 lb/ft

26 (OMC=16%)

Material Properties

50/50 SSF/DM(MPA)
46.7

Large Pullout Test

ϒd,max (pcf)
Target Compaction
Weight of each Lift (lbs)
No. of Lifts

116
80%
233
4

Maximum Load (lb)
Pullout Resisatnce (lb/ft)
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Test Name
Date
Member

Length Width Depth Area (in2)
60 24 11 1440

ManufactureProduct
Tensar UX1700
Width

1

Cohesion (psf) 1425
8 0.04

Maximum Displacements
LVDT Disp (mm)

A 74.700
B 12.070

RESULTS C 8.916
2104.05
2104.05

Comments:

Test Duration:  2.90 hours

Plateau not observed

Moisture Content (%)

Test 

details : 

Box Dimensions 

(inch)

Geogrid Details

Embedment Length (Le)Specimen 

Information(ft)

Material Name
Friction Angle (φ')

6/21/2012
UX1700‐50/50 SSF/DM(MPA)‐8psi

Kemp

Test Details
Normal 
Stress σ' 
(psi)

Rate of Pullout 
(in/min)

Height from base to sleeve
5

Ultimate Tensile Strength

2.87

11990 lb/ft

26 (OMC=16%)

Material Properties

50/50 SSF/DM(MPA)
46.7

Large Pullout Test

ϒd,max (pcf)
Target Compaction
Weight of each Lift (lbs)
No. of Lifts

116
80%
233
4

Maximum Load (lb)
Pullout Resisatnce (lb/ft)
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Test Name
Date
Member

Length Width Depth Area (in2)
60 24 11 1440

ManufactureProduct
Tensar UX1400
Width

1

Cohesion (psf) 1054
4 0.04

Maximum Displacements
LVDT Disp (mm)

A 69.668
B 70.917

RESULTS C 69.348
739.70
739.70

Comments:

Test Duration:  2.25 hours

Plateau observed

Maximum Load (lb)
Pullout Resisatnce (lb/ft)

ϒd,max (pcf)
Target Compaction
Weight of each Lift (lbs)
No. of Lifts

104
80%
216
4

6/22/2012
UX1400‐20/80 SSF/DM(MPA)‐4psi

Alan

Test Details
Normal 
Stress σ' 
(psi)

Rate of Pullout 
(in/min)

Height from base to sleeve
5

Ultimate Tensile Strength

2.97

4800 lb/ft

31 (OMC=20%)

Material Properties

20/80 SSF/DM(MPA)
36.5

Large Pullout Test

Moisture Content (%)

Test 

details : 

Box Dimensions 

(inch)

Geogrid Details

Embedment Length (Le)Specimen 

Information(ft)

Material Name
Friction Angle (φ')
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Test Name
Date
Member

Length Width Depth Area (in2)
60 24 11 1440

ManufactureProduct
Tensar UX1400
Width

1

Cohesion (psf) 1054
6 0.04

Maximum Displacements
LVDT Disp (mm)

A 26.178
B 41.338

RESULTS C 7.756
1035.59
1035.59

Comments:

Test Duration:  2.25 hours

Plateau observed

LVDT B moved the most

Maximum Load (lb)
Pullout Resisatnce (lb/ft)

ϒd,max (pcf)
Target Compaction
Weight of each Lift (lbs)
No. of Lifts

104
80%
216
4

6/24/2012
UX1400‐20/80 SSF/DM(MPA)‐6psi

Alan

Test Details
Normal 
Stress σ' 
(psi)

Rate of Pullout 
(in/min)

Height from base to sleeve
5

Ultimate Tensile Strength

2.97

4800 lb/ft

31 (OMC=20%)

Material Properties

20/80 SSF/DM(MPA)
36.5

Large Pullout Test

Moisture Content (%)

Test 

details : 

Box Dimensions 

(inch)

Geogrid Details

Embedment Length (Le)Specimen 

Information(ft)

Material Name
Friction Angle (φ')
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Test Name
Date
Member

Length Width Depth Area (in2)
60 24 11 1440

ManufactureProduct
Tensar UX1400
Width

1

Cohesion (psf) 1054
8 0.04

Maximum Displacements
LVDT Disp (mm)

A 16.777
B 29.384

RESULTS C 5.838
813.67
813.67

Comments:

Test Duration:  1.48 hours

Plateau observed

LVDT B moved most, was Repeated

Maximum Load (lb)
Pullout Resisatnce (lb/ft)

ϒd,max (pcf)
Target Compaction
Weight of each Lift (lbs)
No. of Lifts

104
80%
216
4

6/25/2012
UX1400‐20/80 SSF/DM(MPA)‐8psi

Kemp

Test Details
Normal 
Stress σ' 
(psi)

Rate of Pullout 
(in/min)

Height from base to sleeve
5

Ultimate Tensile Strength

2.97

4800 lb/ft

31 (OMC=20%)

Material Properties

20/80 SSF/DM(MPA)
36.5

Large Pullout Test

Moisture Content (%)

Test 

details : 

Box Dimensions 

(inch)

Geogrid Details

Embedment Length (Le)Specimen 

Information(ft)

Material Name
Friction Angle (φ')
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Test Name
Date
Member

Length Width Depth Area (in2)
60 24 11 1440

ManufactureProduct
Tensar UX1400
Width

1

Cohesion (psf) 1054
8 0.04

Maximum Displacements
LVDT Disp (mm)

A 28.605
B 36.342

RESULTS C 28.539
1084.90
1084.90

Comments:

Test Duration:  1.52 hours

Plateau observed

1 Lvdt not working

Maximum Load (lb)
Pullout Resisatnce (lb/ft)

ϒd,max (pcf)
Target Compaction
Weight of each Lift (lbs)
No. of Lifts

104
80%
216
4

6/25/2012
UX1400‐20/80 SSF/DM(MPA)‐8psi

Kemp

Test Details
Normal 
Stress σ' 
(psi)

Rate of Pullout 
(in/min)

Height from base to sleeve
5

Ultimate Tensile Strength

2.97

4800 lb/ft

31 (OMC=20%)

Material Properties

20/80 SSF/DM(MPA)
36.5

Large Pullout Test

Moisture Content (%)

Test 

details : 

Box Dimensions 

(inch)

Geogrid Details

Embedment Length (Le)Specimen 

Information(ft)

Material Name
Friction Angle (φ')
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Test Name
Date
Member

Length Width Depth Area (in2)
60 24 11 1440

ManufactureProduct
Tensar UX1700
Width

1

Cohesion (psf) 1054
4 0.04

Maximum Displacements
LVDT Disp (mm)

A 53.495
B 100.435

RESULTS C 103.170
1076.68
1076.68

Comments:

Test Duration:  2.95 hours

Plateau observed

Moisture Content (%)

Test 

details : 

Box Dimensions 

(inch)

Geogrid Details

Embedment Length (Le)Specimen 

Information(ft)

Material Name
Friction Angle (φ')

6/26/2012
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Alan
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Height from base to sleeve
5
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Material Properties

20/80 SSF/DM(MPA)
36.5

Large Pullout Test
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Test Name
Date
Member

Length Width Depth Area (in2)
60 24 11 1440

ManufactureProduct
Tensar UX1700
Width

1

Cohesion (psf) 1054
6 0.04

Maximum Displacements
LVDT Disp (mm)

A 5.609
B 79.747

RESULTS C 100.373
1586.25
1586.25

Comments:

Test Duration:  3.03 hours

Plateau observed

Moisture Content (%)

Test 

details : 

Box Dimensions 

(inch)

Geogrid Details

Embedment Length (Le)Specimen 

Information(ft)

Material Name
Friction Angle (φ')
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Test Name
Date
Member

Length Width Depth Area (in2)
60 24 11 1440

ManufactureProduct
Tensar UX1700
Width

1

Cohesion (psf) 1054
8 0.04

Maximum Displacements
LVDT Disp (mm)

A 74.524
B 54.302

RESULTS C 8.301
1824.60
1824.60

Comments:

Test Duration:  2.81 hours
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