CHAPTER 3

TESTING EQUIPMENT

3.1 Introduction

To achieve the objectives stated in Chapter 1, alarge pullout apparatus and its associated
equipment were used. The apparatus was originally designed and fabricated for displacement-
controlled pullout tests (Raju, 1991) and substantially modified to enable load-controlled tests
(Raju, 1995). The primary use of the pullout apparatus is to alow a geosynthetic specimen to be
pulled out of a soil material with known boundary conditions and provide a means to quantify

soil/geosynthetic interaction.

The apparatus and associated equipment provide a means to contain the specimen and
soil materia, to pull the geosynthetic out of the soil, and to measure the applied loads and
resulting displacements, strains, and changes in soil pressure at the pullout boundary. This

chapter describes the components of the apparatus and associated equipment.

3.2 The Pullout Apparatus

The pullout apparatus consists of several components: the pullout box, a reaction frame,
a clamp assembly for gripping the geosynthetic specimen, a surcharge application system, and an
electrically-controlled hydraulic loading system. An ancillary item is the pluviation chamber,
which isused to place the sand. Each of these components is described separately below.

3.2.1 Pullout Box

The pullout box itself contains the soil material and test specimen, and is shown in Figure
3.1. Itsdimensions are 1300 mm long, 640 mm wide, and 600 mm deep. It is constructed within
aheavy steel reaction frame, and is lined with 3 mm glass laminated to 2.5 mm plexiglas along
the sides and 13 mm aluminum plates along the front, back, and bottom. The front boundary
contains a 25 mm dlot at midheight of the box running the width of the boundary, through which
the geosynthetic specimen is pulled. To prevent soil loss during a test, the slot was lined with
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foam rubberstripping, leaving a1 mm dit. A 16 mm hole was drilled in the center of the back

boundary at mid-height to allow instrumentation wires to exit the box.

In the absence of any standards for construction of pullout devices at the time of design
and fabrication, the dimensions of the box were selected to satisfy three requirements: to provide
a scale representative of the geosynthetic characteristics; to allow a specimen length-to-width
ratio of two; and to minimize boundary effects. For a complete discussion of the design process
and rationale, see Raju (1995, 1991).

3.2.2 Reaction Frame

The reaction frame houses the box and a mechanical connection for the hydraulic
actuator which applies the pullout load. The frame is constructed of mild steel S-, C-, hollow
square, hollow rectangular, and hollow round sections bolted and welded. Figure 3.1 showsthe

arrangement and sizes of the magjor components.

A rectangular mild steel plate (760x1485x25 mm) fits over the box and is bolted to the
reaction frame through a series of holes at both ends of the plate and frame, and by two cross-
beams that bolt to threaded bars extending from the base of the reaction frame on either side of
the box. This plate provides a reaction for the surcharge pressure applied by a water-filled PVC
bag (see next section).

3.2.3  Surcharge Application System

When tests require a higher normal stress than the weight of the 0.3 m of overburden soil
(anomina 5 kPa), a surcharge pressure is applied through the use of a pressurized PV C water bag
placed directly on top of the soil material, as shown in Figure 3.2. The PV C bags, specially made
for this purpose, have two hoses extending from the tops of the bags, one end fitting to the water
reservior and the other to the water pressure transducer. The bag is filled with water from the
laboratory supply through the reservior. The reservior is vented to maintain atmospheric pressure
at al times, and pressure within the system is set by the height of the water level in the reservior

above the water bag.
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3.2.4  Electro-Hydraulic System

An dectrically-operated hydraulic system provides the mechanical force required for
pulling the geosynthetic specimen out of the pullout box. The system consists of several
components: the hydraulic pump, a servovalve, an actuator, and a controller. The pump,
servovave, and actuator are described here; the controller is described in Section 3.3.3. A

schematic of the system is shown in Figure 3.3.

The hydraulic pump isaMTS Systems Corp. model 502.03, supplying 3 GPM of
hydraulic oil to the actuator at 3000 psi. Operation of the pump is controlled remotely by an
MTS Systems Corp. 436 Control Unit.

The servovalve, aMoog Controls 760, acts as the e ectrical/hydraulic interface and
interprets the electrical demand signals from the computer/signal conditioner to mechanical
signals and is mounted to the side of the actuator. The servovalve, rated for 3000 psi, isfed
signals from the MTS Systems Corp. 406 Controller.

The hydraulic actuator is double acting (applies force in both directions along its axis of
operation), and is mounted directly to the reaction frame. It has a 63.5 mm bore and 152.4 mm
stroke length and an operating pressure of 3000 psi. It hasaninternal LVDT that measures
displacement for use in feedback control (see Section 3.3.4.1). The actuator is positioned so that

its operating axis intersects the center of the dot in the box front boundary.

3.25 Clamp Assembly

A clamp assembly attaches to the actuator piston end, after the load cell. 1t comprises

four distinct parts: the upper and lower jaws, a central insert, and a pin (see Figure 3.4).

The lower jaw fits onto the end of the actuator piston, which isfitted with an eye bolt.
Once did onto the eye bolt, the jaw is“locked” to the bolt by a pin that is dropped into the top of
the clamp. Thisswivel joint alows limited full articulation, preventing any transfer of moment to
the specimen. The geosynthetic specimen rests on the lower bench of the jaw, which has a series

of serrations to positively grip the specimen.
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The beveled central insert, placed on top of the geosynthetic specimen, has serrations on
its lower edge to grip the upper portion of the geosynthetic. It also has flanges protruding from
its ends that provide an area on which the clamp LVDTs can maintain solid contact with the
clamp. Theinsert has a series of tapped holes into which steel lugs can be screwed for a
mechanical connection with the specimen. These lugs were only used while testing the aluminum

steel plate, and were removed when testing with the geosynthetic specimens.

The upper jaw is placed on top of both the lower jaw and the central insert, and is bolted
to the lower jaw through a series of four boltholes tapped into the lower jaw. The upper jaw
contains a semi-cylindrical cam running the length of its underside which applies pressure to the

central insert to lock it against the lower jaw and press the serrations into the geosynthetic.

All clamp components are aluminum except for the pin, semi-cylindrical cam, and
bearing pad on the central insert, which are mild steel.

The weight of the clamp assembly is borne by a wooden support bench. To minimize
frictional resistance, a stedl plate with stainless steel bearings is placed between an arborite sheet
glued to the underside of the clamp lower jaw and an arborite sheet glued to the support bench.

3.2.6  Pluviation Chamber

Sand is placed into the box in a dense state by way of air pluviation. An air pluviation
chamber that rests directly on the pullout box was designed and fabricated for this purpose. The
chamber is shown in Figure 3.5. Its structure is made of aluminum angles and strips; the sides are
3 mm plexiglas to contain the sand during pluviation. The front plexiglas pand is hinged so that
it may be opened after pluvation for access to the pullout box and for cleaning after each
pluvation event. Above the chamber and separated by a set of trap doorsis a hopper that holds
the sand prior to pluviation. Once pluviation isinitiated by the pneumatic release of the trap
doors, the sand falls through twin perforated steel plates that have been offset to produce specific
aperature sizes. Thedesign rationaeis disussed in Raju (1991).
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3.3 Signal Generation and Data Acquisition

Demand signal generation and processing and data acquisition involve a number of
components and steps. The components involved in these operations are described below, while

aflow chart showing them is given in Figure 3.3.

Mohilization of pullout resistance is governed by a feedback control system. A demand
signal (either displacement or load) is generated by computer, fed through the signal conditioner
to the MTS controller, and finally to the servovalve, which resultsin adisplacement. A
“feedback” signal is sent either by the actuator LVDT or load cell to the controller and compared
to the demand signal. A difference (error) signals the controller to issue a correction to the

servovalve. The feedback processis repeated until there is no error.

Data acquisition is done by the computer which scans all incoming signals from
instrumentation on a predetermined basis. Instrumentation is powered by a direct current (DC)
voltage (“excitation voltage”); any change in load, pressure, or displacement induces a change in

this voltage, which is recorded by the computer.

There are four distinct components of these operations: the computer, signal processor,

controller, and instrumentation, which are described separately below.

3.3.1 Computer

A 386SX computer is used to generate demand signals and provide data acquisition for
the pullout apparatus. The software written to generate demand signals and capture data used
Microsoft MS-DOS QBasic, and represents a major upgrade of the code used for the previous
testing programs. The program takes advantage of a MetraByte Corporation DAS-16 data
acquisition board for digital-to-analog (D/A) and analog-to-digital (A/D) conversions and
instrument channel scanning. The board has the capahility of scanning up to 16 input (data
acquisition) A/D channels and allows D/A output (demand) on two channels. The board is

physically mounted in an expansion sot in the computer.
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3.3.2 Signal Conditioner

All input and output signals are passed through the signal conditioner that provides
severa levels of functionality. Firgt, the signal conditioner has an on-board power supply that
supplies up to four differing DC voltages for instrument excitation. Second, the processor portion
steps input voltages up by variable amounts, and alows variable offsetting of the voltages. Third,
the processor filters the voltages by attenuating stray signals (“noise”). The signal conditioner
was designed and built at UBC.

3.3.3  MTS Electro-Hydraulic System Controller

The controller receives the demand signal from the computer viathe signal conditioner
and relays this signal to the servovalve, which triggers an actuator displacement. The controller
then monitors returning signals from the actuator LVDT (for displacement control) or load cell
(for load control) and compares these signals to the demand signal. Any discrepancy between
them istermed “error” and causes the controller to issue afurther signal in an attempt to reduce
the error to null. The signal from the load cell is passed first through the controller, then into the
signal conditioner where it is acquired by the data acquisition system.

3.3.4 Instrumentation

In all, sixteen instruments were used to gather information about the performance of the
geosynthetic specimen and soil material before and during testing. These instruments include

LVDTs, transducers, and strain gauges. Each type and its use is described below.

3.3.4.1 Displacement

Displacement of the test specimen was measured at the clamped and embedded ends of
the specimen by three linear variable differentia transformers (LVDTS): one on each end of the
clamp assembly and one at the back of the pullout box. The reason for having two LVDTSs
mounted againgt the clamp assembly was to yield an average displacement for the exposed end of

the geosynthetic.
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Thefront LVDTs are SE Labs SE 373/100 and 374/100 series LVDTs with 240 mm
strokes. These are mounted on a weighted stand that remained separate from the pullout
apparatus reaction frame. The armature heads (plexiglass balls) rested against the flanges
protruding from the clamp assembly centra insert, shown in Figures 3.1 and 3.4. The armatures
are internally and externally spring-loaded to allow data capture in both directions. The rear tell-
tale LVDT isa Trans-Tek 245-0000 series, with a usable stroke of 140 mm. It is mounted on a
bracket extending from the back boundary so that the operating axis of the LVDT isin line with
the center of the access hole in the back boundary. A small hole was drilled in the extension rod
of the armature through which the tell-tale wire was attached; a weight was attached to the back
end of the armature and strung over a pulley to ensure the tell-tale wire remained taut during
testing.

An additional LVDT (Tempsonics I1) is mounted internally on the actuator piston. This

LVDT was used to provide error correction to the controller when in displacement-control mode.

3.3.4.2 Load

The pullout load was measured by an Interface, Inc., model 1210AF 5000 Ib. capacity
load cell. It was placed in-line between the hydraulic actuator and the clamp assembly.

3.3.4.3 Surcharge Pressure

The surcharge pressure was measured by a MagneTek SP100G 0 — 15 psig water pressure
transducer. It was mounted to the laboratory wall at mid-height of the PV C water bag. Pressure
was monitored by this gauge by the exit tube of the water bag.

3.3.4.4 Boundary Stress

Six Total Pressure Transducers (TPTs) were placed in the center of the front boundary,
three above and three below the central dot, flush with the inside face. These transducers, Data
Instruments Inc. AB-HP 0-50 and 0-100 psig, were used to monitor the horizontal soil pressure
during soil material placement, surcharge application, and testing. Although monitored and

recorded the data are not presented or discussed in this thesis.
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3.3.4.5 Geosynthetic Strain

Geosynthetic strain was monitored by strain gauges affixed directly to the geosynthetic.
Inside the pullout box, the gauges were affixed approximately on the center of the central rib,
while the placement of thein-air strain gauge varied in position on the central rib depending on
the series of geogrid used. This variation resulted from the constraints imposed by the geometry
of the pullout box and the length of the ribs between transverse bars on the geogrid (see Section
4.3), and was necessary to ensure a transverse bar was not pulled through the front slot during
testing. The strain gauges were manufactured by the Micro Measurements Division
(Measurements Group, Inc.), type EP-08-250BF-350 option E. These were selected because of
their high elongation capability (10 to 15 percent) and due to their factory encapsulation. A
strain-gauged sample is shown in Figure 3.6 and a schematic of strain gauge locationsis given in

Figure 3.7.
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Figure 3.2: A schematic of the surcharge pressure application system with a plan
view of the reaction system. All dimensions are in mm.
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Figure 3.6: A strain gauge mounted to the rib center. Three wires were
taped to the rib then soldered to the gauge terminals to prevent any
transfer of load to the gauge site.
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