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CHAPTER 5 
 

TESTING PREPARATION AND PROCEDURES 
 
 
5.1 Introduction 

 

 This chapter documents the procedures and methods used to prepare for and complete the 

pullout tests using the apparatus and equipment described in Chapter 3 and the materials 

described in Chapter 4.  Three types of tests were performed using the pullout apparatus:  

displacement control, monotonic load control, and cyclic load control.  Displacement control was 

used solely to commission the pullout apparatus and enable comparisons with results from 

previous studies.  Monotonic and cyclic load control comprise the bulk of testing done under this 

testing program; the methods of each are described below. 

 

 The behavior of the geogrids in pullout was characterized from the measured 

displacement, load, strain, and pressure data generated during testing.  The results and analyses 

are described in the following chapters. 

 

5.2 Test Preparation 

 

Test preparations included geogrid specimen cutting, trimming and strain gauging, 

pluviation/placement of the soil material, application of the surcharge, attachment and calibration 

of the transducers and strain gauges, clamping of the geogrid specimen, and initializing the 

software.  These procedures are described below. 

 

5.2.1 Geogrid Preparation 

 

The geogrid specimens were cut from standard 1.3 m rolls supplied by the manufacturer.  

The specimens were generally cut in rough from the roll and allowed to come flat for several 

weeks under their own weight.  They were then cut to size (length varied by grid type, width was 

approximately 0.50 m) by hand and trimmed flush with the transverse bars using a metal press.  

The “roll curl” was then worked out by suspending the grids in air with weights attached or by 

placing the grids flat underneath weights on a table set aside for this purpose. 
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Shortly before the grids were to be tested and after they had been pressed flat, strain 

gauges were attached to the central rib of each grid.  Five strain gauges were attached to the 

UX1500SB grids, while four were attached to the UX1400HS and UX1600HS grids 

(corresponding to the number of rib sections in each specimen, see Figure 4.1 for details).  A 

detailed procedure for the strain gauge attachment is given in Appendix A.  A single hole was 

then drilled and threaded in the center of the embedded end bar for attaching the tell-tale wire. 

 

5.2.2 Pluviation/Placement of Soil Material 

 

The placement of soil material varied by soil type due to the characteristics exhibited by 

each soil. 

 

5.2.2.1 Sand Placement 

 

The sand material [“sand”] was placed by air pluviation.  A pluviation chamber/hopper 

specially fabricated to seal onto the top of the pullout box was seated, with a tarp placed over the 

clamp area and sealed between the box and chamber to catch any leakage of sand from the 

pluvation process.  The trap doors were shut and locked into place, then the front door closed and 

locked shut.  Sand was poured into the hopper from 55-gallon drums lifted by an overhead crane 

into the hopper to an approximate 8 to 10 cm height.  The sand was shaped preferentially in the 

hopper to yield a level surface once pluviated into the pullout box.  The trap doors were opened 

by a set of pneumatic plungers released by a toggle switch mounted on the chamber, which 

initiated the pluviation.  The pluviation process generally gave a lift thickness in the box of 60 to 

80 mm from an initial deposit of 80 to 100 mm in the hopper. 

 

In total, eight lifts of soil were placed by this method—four lifts up to mid-height of the 

pullout box where the specimens were inserted, and another four lifts to near the top of the box.  

The fourth and eighth lifts were poured to yield a surface at a specific elevation; any low spots 

were filled by spot-pluviation through the hopper, then leveled using a set of screeds cut to fit the 

top of the box and yield a target surface elevation.  Any excess sand was removed by a flat-

bottomed scoop in small layers to avoid disturbance of the underlying soil. 

 

Density measurements were generally taken at three locations along the centerline of the 

box on the second and seventh lifts, to ensure consistency in sand placement.  The density 
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measurements consisted of placing 256 mL tins on the sand surface before pluviation; the tins 

were then retrieved and weighed prior to placement of the next lift.  Density variations were 

consistently under 2 percent for the sand. 

 

5.2.2.2 Glass Beads Placement 

 

The glass beads [“beads”] were placed by compaction.  For a discussion of the reasons 

for the difference in placement methods, see Appendix B. 

 

Prior to placement of any beads, the box was thoroughly cleaned.  Beads were placed in 

the box by scoop at a very low drop height (less than 100 mm), to a lift height of approximately 

80 mm.  The lift was then leveled using a screed.  A 19 mm laminated plywood sheet was placed 

on the beads, then a 25 mm aluminum plate and 13 mm steel disk was placed on top of the 

plywood.  The beads were compacted in place by locating the disk and plate in three locations 

and imparting a 7.46 N· m blow 35 times (using a Standard Proctor drop-hammer) in each 

location.  The plywood, disk, and plate were removed and the process repeated. 

 

Eight lifts were placed in this manner, four to mid-height and another four to the top of 

the box.  At the fourth and eight lifts, additional material was placed prior to compaction to yield 

a surface slightly higher than the target elevation after compaction.  The surface was screeded in 

layers to its target elevation and additional material removed as described above. 

 

Consistent with the procedure for placement of the sand, density measurements were 

generally taken at three locations along the centerline of the box on the second and seventh lifts, 

to ensure consistency in bead placement.  The density measurements consisted of placing 256 mL 

tins on the sand surface before pluviation; the tins were then retrieved and weighed prior to 

placement of the next lift.  Density variations for the glass beads were consistently under 4 

percent. 

 

5.2.3 Attachment of the Strain Gauges 

 

Once the elevation of the soil material was brought to mid-height of the box, tubes 

containing the strain gauge wires were fed through the instrumentation exit hole on the back 

boundary of the box.  A wax-paper guide was inserted between the weatherstripping in the front 
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slot to facilitate placement of the strain-gauged grid.  A board was placed on top of the box to 

form a working surface for soldering of the strain gauges.  The geogrid specimen was carefully 

placed on the board, and the strain gauge wires were soldered to the strain gauges in accordance 

with the procedures given in Appendix A. 

 

5.2.4 Application of the Surcharge Loading 

 

The surcharge—if above the nominal 5 kPa produced by the self-weight of the soil 

material—was applied by the use of a pressurized PVC water bag.  Once the eighth and final lift 

of the soil material had been placed and screeded level, the empty PVC water bag was gently 

lifted into place.  The steel top plate was lowered onto the top of the box, with the two hoses from 

the PVC bag pulled through the holes drilled into the plate for this purpose (see Figure 3.2).  The 

plate was bolted securely to the frame using two reaction bars across the top of the plate.  Care 

was taken not to pinch the bag between the top plate and the box frame. 

 

One hose was connected to the water level reservoir which in turn was connected to the 

laboratory water supply.  The other hose was left open to the atmosphere.  The water supply was 

turned on and pressure was allowed to build in the water level reservoir to speed the filling of the 

water bag.  Once the water level started to rise in the free hose, pressure in the reservoir was 

returned to atmospheric and the water supply was shut off.  The water level in the hose was 

allowed to equilibrate with the reservoir near the top of the open hose, which was then connected 

to the pressure transducer.  The height of the water level in the reservoir above the water pressure 

transducer was measured and the water pressure at the top of the soil calculated.  This was 

verified with the measured water pressure in the transducer. 

 

5.2.5 Calibration of the Strain Gauges 

 

With the surcharge applied, the rear tell-tale LVDT was attached to the tell-tale wire and 

a shunt calibration conducted on the strain gauges.  The shunt calibration consisted of “shorting” 

one leg of the Wheatstone Bridge circuit with a known resistance to produce a given voltage 

difference at the bridge output.  The digital output on the computer could then be directly 

calibrated to a known “strain”.  The new calibration factors were then entered into the software 

and the data collecting process initiated. 
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5.2.6 Clamping of the Test Specimen 

 

With all transducers and gauges connected and the software in data collection mode, the 

hydraulic power supply was switched on and the clamp positioned by manual control.  The 

central insert and upper jaw were bolted to the lower jaw, then “C” clamps were installed at the 

ends of the clamp assembly to prevent any movement of the grid in the clamp while testing. 

 

5.2.7 Software Initialization 

 

The software package allows for three types of control:  displacement, monotonic load, 

and cyclic load.  The appropriate control was selected, and the loading/displacement rate, 

displacement limit, geogrid geometry, and cyclic parameters (if relevant) were specified.  The 

software then began the loading sequence. 

 

5.3 Testing Procedures 

 

Three modes of testing were used:  displacement control, monotonic load control, and 

cyclic load control. 

 

For displacement control, a linearly increasing displacement demand signal was fed from 

the computer to the controller, which then displaced the hydraulic actuator to match the demand.  

The rate of displacement for all tests was rd = 0.5 mm/min; the demand signal is shown in Figure 

5.1.  The test was terminated when the actuator reached its stroke end or a target displacement 

(depending on the stage in the test, see Table 6.1). 

 

For load control, a demand signal was fed by the computer to the controller, which 

displaced the actuator to match the demand load.  Under the monotonic loading regime, the 

loading was rl = 0.25 kN/m/min; the demand signal is shown as a dashed line in Figure 5.2.  

Under the cyclic loading regime, a linearly increasing load (at rl = 0.25 kN/m/min) was specified 

until the load cell registered a “working load” of Pw = 3 kN/m, at which point the demand load 

became a sinusoidal half-wave of increasing amplitude after each set of “N” cycles.  The 

amplitude increase varied from test to test and was selected on the basis of the corresponding 

monotonic test, but was generally in the range of ∆P = 0.75 to 1.50 kN/m.  For this study, the load 

frequency was f = 0.5 Hz, to best represent a real seismic event while still enabling sufficient data 
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acquisition to clearly define the cycles.  The value of N was chosen to allow pullout to come to 

dynamic equilibrium yet still allow for enough cycle sets to reach failure conditions.  Initially N 

was set at 10 for all cycles, then was stepped up to 15 to better define stability (see Section 7.3).  

The test was terminated when the actuator reached its stroke end.  The cyclic demand signal is 

shown as a solid line on Figure 5.2. 

 

Because of the limitations of the MTS hydraulic system, only 75 mm of the available 150 

mm actuator stroke could be used under displacement control.  However, load control allowed 

use of the full stroke. 

 

While the tests were underway, the software simultaneously generated the proper demand 

signal and monitored and recorded 16 channels of data from transducers and strain gauges.  For 

the displacement control and monotonic load controls tests, the input channel scan interval was 

specified at two seconds; during the cyclic portion of the cyclic load control tests the input 

channel scan interval was increased to 0.1 second to allow complete numerical reconstruction of 

the test. 

 

5.4 Post-Test Procedure 

 

Upon termination of the test, data acquisition was stopped and the hydraulic power 

supply was shut off.  The surcharge was removed (if any), and the specimen was released from 

the clamp.  The soil material was scooped by hand back into the barrels until mid-height of the 

box was reached.  The geogrid sample was carefully examined for damage and exhumed from the 

box, the strain gauge wires and tell-tale removed, and the grid tagged for later identification.  The 

balance of the soil material was scooped into the barrels and the box cleaned in preparation for 

the next test. 
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Figure 5.1:  The displacement demand signal generated by the computer for 
displacement-controlled tests 
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Figure 5.2:  The load demand signals generated by the computer for the load-
controlled tests (both monotonic and cyclic) 


